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HoBble cpeabl HoBble ¢hnanyeckume Peakuuun Ha rpaHuue HoBble noaxoabl K
peakuMoHHbIe ycrioBus | pasaena das paboTe C cCbipbeMm

MNOHHbIE XNAaKocTn MwuKpopeakTopbl TBepaoCTb — TBEPAOCTb Brnomacca, otxoabl,
aTMocdepHbIn CO2

Kngkue nonnmepsl MwKpOBOSHbI [Map — TBEpAOCTL BuocunHTeTnyeckne
(Bkntovasa CO2) npespaLleHns

BoaHble cuctemsl ONEKTPOXUMUS TBepaoCTb — XNOKOCTb Buononumepsl

Ceepxkputudeckmin CO2 PagnovacTtoTHOE KoBaneHTHO BuommnmeTnyeckne
obnyyeHune npuBsi3aHHbIE TOHKNE CUHTETUNYECKNE
XUOKNE NIeHKu Marepuarnoi

bes pacteoputens YneTpasByk OMYnNbCUK BuograpmaueBTuka
[nasma CycneHsnn
Pagnaunsa
OneKTpo-MarH MHOYKUnS
doToxmmus
ConHe4vHas aHeprusa
Camocbopka

CenekTuBHbIN KaTanna
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lMnrochbr:

OKOHOMMUYHC

He KoOHTaKTug
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| Ipodounb NOToKa

16.02.2016 HIY, 3 kypc ®EH




Reagent 1
I

Interdigitated multilamellar
Y-junction T-junction mixer
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16.02.2016

potential

reaction coordinate

Bilgen, B.; Chang-Mateu, I. M.; Barbino, G. A. Biotechnol. Bioeng. 2005, 92, 907.

Mason, B. P.; Price, K. E.; Steinbacher, J. L.; Bogdan, A. R.; McQuade, D. T.
Chem. Rev. 2007, 107, 2300.
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YBennyeHne CKOpocCTu
peakumu

Pernocenektue
Tb

popeaktop: 78%, 95:5 A:B
OBBbIYHBIN peakTop: 49%, 65:35 A:

Wiles, C.; Watts, P.; Haswell, S. J.; Pombo-Villar, E. Lab Chip 2001, 1, 100. B

Taghavi-Moghadam, S.; Kleemann, A.; Golbig, K. G. Org. Process Res. Dev.
2001, 5, 652.
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Be3onacHoc
Tb

yBernn4yeH c 55% 0o

Ducry, L.; Roberge, D. M. Angew. Chem., Int. Ed. 2005, 44, 7972. fMYeHa C 56% 1o 759,

auus ymeHblLleHa B 5
YBeaneHme

O HQSO4, EtOH
’O‘ “wo

Brivio, M.; Oosterbroek, R. E.; Verboom, W.; Goedbloed, M. H.; van 33 40 MMHyT:

MwuKpopeakTop: 83%

16.02.2016 HI'Y, 3 kypc GEH OObIYHbBIN peakTop:
15%

denBerg A,; Reinhoudt, D. N. Chem. Commun. 2003, 1924.
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peakuMoHHbIe ycrioBus | pasaena das paboTe C cCbipbeMm

MNOHHbIE XNAaKocTn MwuKpopeakTopbl TBepaoCTb — TBEPAOCTb Brnomacca, otxoabl,
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Kngkue nonnmepsl @KpOBOﬂHD [Map — TBEpAOCTL BuocunHTeTnyeckne

(Bknroyaga CO2) npespaLleHns

BoaHble cuctemsl ONEKTPOXUMUS TBepaoCTb — XNOKOCTb Buononumepsl

Ceepxkputudeckmin CO2 PagnovacTtoTHOE KoBaneHTHO BuommnmeTnyeckne
obnyyeHune npuBsi3aHHbIE TOHKNE CUHTETUNYECKNE
XUOKNE NIeHKu Marepuarnoi

bes pacteoputens YneTpasByk OMYnNbCUK BuograpmaueBTuka
[nasma CycneHsnn
Pagnaunsa
ONeKTp —MarH UHAYKUuns
doToxmmus
ConHe4vHas aHeprusa
Camocbopka

CenekTuBHbIN KaTanna
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MwukpoBosiHbl: 0.1 — 100 cm, 0.3

GHz
HarpeBaHue cuctemsl

DaBHOMEPHbIN Harpes
)erpeTbix

11 B pasbl

+
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30BaHO B
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OBaHoO A5t

X KoJiIn4ecTB

CpaBuenue 3(p(peKTUBHOCTH YCTAHOBOK MUKPOBOJHOBOI0
U TEPMHYECKOI0 HAIPeBa

Haumenosanue nporuecca KIIJI peaktopa,%
TEPMUUYECKOTO

1. lernapupoBaHue yriieBoJI0pPO10B
2. PereHepanus eOJIUTOB
3. Cyuika XuMUYECKHUX CpeJl

4. O0OKHUT U3BECTHAKA
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montmorillonite Li" Imin 40°C MW  40% A 0%

S5min 75°C MW T72% A 27%
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LiBr (2 eq), NBuyBr (0.1 eq)
H,0 (2 eq)

Table 16. Krapcho reaction under solvent-free PTC conditions

Reaction conditions Yields (%)

¢ (min) Temperature (°C) MW

8 138 96
15 160 94
20 167 89
20 186 87
60 186

180 186

16.02.2016 HI'Y, 3 kypc ®EH



N-alkyl

R\(l fIZ

_-_—/

C-alkyl

PhCH,Br Smin  196°C MW :>98% C-alkyl A :>98% N-alkyl

PhCH,I  S5min  180°C MW :>98% C-alkyl A traces

16.02.2016 HI'Y, 3 kypc ®EH



HoBble cpeabl HoBble ¢hnanyeckume Peakuuun Ha rpaHuue HoBble noaxoabl K
peakuMoHHbIe ycrioBus | pasaena das paboTe C cCbipbeMm

MNOHHbIE XNAaKocTn MwuKpopeakTopbl TBepaoCTb — TBEPAOCTb Brnomacca, otxoabl,
aTMocdepHbIn CO2

Kngkue nonnmepsl MwKpOBOSHbI [Map — TBEpAOCTL BuocunHTeTnyeckne
(Bkntovasa CO2) npespaLleHns

BogHble cuctembl NeKTp —MarH UHaykums)  TBepaoCTb — XUAKOCTb Buononumepsl
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[MOKPbITbIE OKCUAOM KPEM eTUTOBbIE
HaHoYacTULbI

MagSilica™ (from EVONIK)
nanoparticle based on '
Fe>03/Fe3z0y

silica coating

y 2 TEM micrographs of
unfunctionalized
magnetic nanoparticles
before heating

10-40 nm

Review: F. Schuth et al., Angew. Chem. 2007, 119, 1242-1266; Angew. Chem. Int. Ed. 2007, 46,
1222-1244
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A

MagSilica™
substrate  substrate product

16.02.2016

MagSilica™ (from EVONIK)

MarHeTut

NOKPbITNE

CTabunbHbI B |

BonbLwaga cymmap OCTU N3 3a
HaHOpa3mepa
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« HarpeBaloTcs 3a CHE

(>keneso, megb
« Cynepnapam
HarpeTbl AC

1 B MPOBOAHUKaX

erko

MagSilica™ superior

Steel beads (0.8 mm diameter)
competitive

250 300 350 400
PWM / ppm

—a— 0.8 mm Stahlkugeln —e— MagSilica 50/85
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mmm

oil bath 200 “C toluene 17 %

oil bath 150 °C DMF 0%

MW, SiC 2 h 200 °C toluene 38 %
MW, SiC 1h 250 °¢ solvent free 40 %

induction 2h 200 °C toluene 39 %

induction 0.5h 200 °C solvent free 25 %

Induction 1.5h 200 °C solvent free 40 %

a MW vial, sealed, MagSilica™, 25 kHz.; ® isolated yield.




Inductive Heating: equipment

Glass reactors:
- easy to produce and versatile
- stable up to 3 bar and 200 °C

PEEK reactors:
- stable up to 20 bar and 200 °C
- directly connectable to HPLC fittings
- expensive

inductors

reactors

- possibility of back-pressure
application

- all common solvents/reagents
usable

- tailor-made inductors for
individual reactors
- differ in slit diameter

16.02.2016 HI'Y, 3 kypc ®EH



o SiO5 shelled
Fe304 nanoparticle

@ oxidant: CrO,, NiO,

inductor

CrOz ( Mangeve M)

CH3CN 135 °CMeO
0.1 mL/min 92% 57% (7h) batch

Cr02 ( Mangeve ) O
O

toluene 120 C. 68% 51% (7h) batch
0.05 mL/min

16.02.2016 HI'Y, 3 kypc ®EH




HoBble cpeabl HoBble ¢pnsnyeckune Peakuuun Ha rpaHuue HoBble noaxoabl K
peakuMoOHHbIe ycrioBus | pasaena das paboTe c cbipbem

MOHHbIEe XXnaKkocTn MwukpopeakTopbl TBepaocTb — TBEPAOCTb Brnomacca, otxoasl,
aTMocdepHbIn CO2

XKngkue nonvmepsbl MwuKpOBOSHbI Map — TBEepAoCTb BuocuHTeTnyeckne
(Bkntoyasa CO2) npespaLleHus

BoaHble cuctembl ONeKTPOXNMUS TBepAoCTb — XNOKOCTb Buononumepsl

CBepxkputnyeckumin CO2 Pagno4acTtoTHOe KoBaneHTHO BuomumeTnyeckmne
obnyyeHne NpuBs3aHHbIE TOHKNE CUHTETNYECcKmne
XUAKME MneHKn mMarepuvarnbl

Bes pacteoputens YnbTpasByk OMynbCUK BuodgapmauesTuka
[Mnasma CycneHsuun
Pagnauusa
OneKTpo-MarH MHOYKUns
doToxnmus
ConHe4yHas aHeprug
Camocbopka

CeneKkTuBHbIN KaTanus
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IOHHbIE XNOKOCTU

E@ N\ | RsO,-
o [‘1\/ CH,SO,-
fil R2P04 &
O R SCN-
7 N (F3CSO,),N

T T - ll!' ",‘? ., Imidazolium“Cl:

. Llhl rl!‘lf"
a8 ELE of o} ot

|"‘",

| - XK - opraHnyeckue conu c

§ T.1n.<1000C

*PaccmartpuBaloTcs Kak pact
Cc 1970x

B HacTodLllee Bpems Ha
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PacnnaB PacnnaB bmim PacTteop NaCl B

NaCl PF, BoAe
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Conb OuyeHb O0oNbLUON KAaTUOH U aHUOH

Touka [Mpegno4vyTutensHo, <1000C
3amep3aHus

YKngkoe YacTto >2000C
COCTOsIHME

Tepmunyeckas OB6bI4YHO BbICOKa
CTabunbHOCTb

BsiskocTb Ob6bI4HO <100 cP, npurogHa ansa paboThbl

Ouanektpuyeckaa <30
KOHCTaHTa

[MonapHoCTb YMepeHHad

MpoBogumocTe  Xopowwas (<10 S*cm?**mol™)

anekTpoxummndec >2B,004.5B
KOe «OKHO»

PacTteBoputernb OTNUYHBIN, AN MHOTMX OPraHUYECKNX peakLnm
NN KaTanna3artop

==& [laBneHune napos  OBbIYHO OYEHL Mano



Table Il. Properties of various liquids.

Compound

lonic Liquids

Molarity
Mol L!

Spec Cond
Scm!

Molar Cond
Scm? mol?!

NaCl

25.3

3.88

154

LiCl

35

1.59

207

NaNO,

214

0.72

34

Na,SiO,

=18

4.8

~270

AICI, (63%) — NaCl

5.8

0.24

41

LiCI-KCl

29.7

1.57

53

[(CH3)5S][ HBr,]

7.3

0.034

4.7

emimCl(60%)-AlCl;

8.3

0.0065

1.2

emim Al,Cl,

3.4

0.015

4.4

bmim CF;CO,

Sl

0.0032

0.6

bupy BF,

3:5

0.0019

0.3

emim|[(CF;S0,),N]

AT

0.0057

1.5

(0|00 |0 | (||

Others

H,0

25

55.32

4x 108

7 % 1

0.1 M aq. KCI

25

0.1°

0.013

129

Na

100

40.4

1.04 x 10°

2.6 x 10°

H,SO,

25

0.049°

0.0104

212

CH;COOH

25

17.5%

8 x 10~

4.6 x 107

HF

0

50.12

1 x 106

2x103

a = total molarity e b = ionic molarity ¢ emim = 1-ethyl-3-methyl-1H-imidazolium e

bmim = 1-butyl-3-methyl-1H-imidazolium e bupy = 1-butylpyridinium

oo ’
/ PE
[/NQN\/\/][ :

15.02.2012
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Personal Care

Metal ExtractionL Embalming

Household Productsi

"dry" cleaning

Coatings

Ry Batteries

Solar Panels

SPECIALIST ——
APPLICATIONS oRFIapuision

Biomass Processing Biological

Biocides Fuel Cells

Electro-optics

Heat Transfer

RI matching

Viscosity / Lubricants

Figure 4: Innovation Map — Materials and Physical Properties Matrix
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[lpmeHeHne

*Henetyuymne nnactndukaTopsl

* [epmMmunyeckme XnakocTum

[ ngpaBnmnyeckne XXnaKkocTu

*BbICOKO\HM3KOTEMNEPATYPHbIE CMa3KK

*DINEKTPOXUMUNYECKNE AYENKN N YCTPOUCTBA

oJIuTneBbIE N NMNTUN-NOHHBbIE DaTapeun

oKoHaeHcaTopbl C ABOUHbLIM CITOEM
(cynepkoHOeHcaTopbI)

0 INIEKTPOXPOMHBLIE ancnsien (OLEDs)

oCeHcopbl

oMembpaHbl TONNIMBHbIX A4YEEK




a Ansa XuMm. npespaLl

aopupoBaHue
napogopmMmnnnpoBaHme
JrnokcuampoBaHue
CBoboaHopaankanbHasi nonnmvepunsaumns
AUnnnpoBaHue 1 ankunmposaHmne no Ppuaento-
Kpadpuy

Peakunsa unbca-Anbaepa
eakuma Xeka

oyeTaHne Cysyku



lonic Liquids as Engineering Fluids

Example 1: Hydraulic Liquid ,,lonic Compressor*

Gas Inlet =
H,, CNG

=) Gas Outlet

WO 2006/034.748 (LINDE)

15.02.2012

HI'Y, 3 kypc ®EH

O - BASF

The Chemical Company

»liquid piston®

key properties IL:

* NO vapour pressure
* very low gas solubility

* broad liquid range

41 n3 47




lonic Liquids as Engineering Fluids

Example 2: Oxygen Compression (LINDE)

O, compression today - labyrinth piston compressor

* dry running compressor without any lubrication

» high maintenance efforts and overall high costs

rotary screw compressor

* lubricating fluid absolutely neccessary !
« challenge: stability against O, under
Increased pressure & temperature

15.02.2012 HI'Y, 3 kypc ®EH 42 n3 47




lonic Liquids as Engineering Fluids

Example 2: Oxygen Compression (LINDE) [1- BASF

The Chemical Compan)

lonic Liquid as Lubricant in O, screw compressors:

development of LINDE together with University of Erlangen
(Prof. Schliucker et.al. & Prof. Wasserscheid et.al.)

Imidazolium bis(trifluormethanesulfonyl)imides

R
e/

/ N
( »\R (F,CS0,),N®

N
o key properties IL:

* very low O, solubility
 chemical stability against O, !!!

WO 2008/027.008 (LINDE) » tribological behaviour (lubrication)

15.02.2012 HI'Y, 3 kypc ®EH 43 n3 47




lonic Liquids as Engineering Fluids

Example 3: Specialty Lubricants

lubrication ...
... Iimportant wherever

motion counts

What can IL‘s offer ?

* high thermal, chemical and mechanical stability (esp. shear stability)
* broad liquid range & minimal volatility

* low friction coefficients

standard IL

i 2
What are the main challenges ~ conventional iubricant

* high wear resistancies
* material compatability / corrosion
* viscosity index”

IL plus additive

viscosity —»

-> application-specific IL formulations

temperature ——

15.02.2012 HI'Y, 3 kypc ®EH 44 n3 47




lonic Liquids as Engineering Fluids

Example 4: Specialty Hydraulic Liquids 01- BASF

The Chemical Company

oldest hydraulic liquid: today mainly used: new opportunity:
oil-based formulations lonic Liquids

-

o
g‘—
x 3
o £
S5 <
goa
> S
I(I)

©

w

still existing challenges - with lonic Liquids offering solutions:
B non-flammable fluids !
B very low compressibility
B very low gas solubilities

15.02.2012 HI'Y, 3 kypc ®EH 45 un3 47




lonic Liquids as Engineering Fluids

Example 5: Liquid Ring Vacuum Pumps o-BAS

The Chemical Company

target: higher volume @ lower pressure
benchmark: water

EMIM Ethylsufate:
positive results, but cavitation (H,O solubility !)

BASIONICS™:
BASF-IL formulation with overall positive results

trials together with Univ. of Erlangen &
GARDENER DENVER

A
N\

/ / Ethylsulfat
’/

80

£
o
E
E
o
=
(2
g
=
o
>

L] 100 1000

pressure (mbar)
WO 2006/029.884 (BASF)
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