UYeCKdA mMexXHOos1c

Jlekumna 10.
HoBble pusnyeckune ycnoBma, HOBble PpeaKkLMOHHbIe cpeapbl.
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MukposonHbl: 0.1 — 100 cm, 0.3 — 300 GHz

HarpeBaHue cucTeMbl K U3HYTPU», NO BCEMY 06beMy . y
» BbICTPbI M paBHOMEPHbIN Harpes

» Peakunu B neperperbix pacTBopuUTensx
»YCKopeHue peaKkuuin B pasbl

» NoBbllLeHNe BbIXOA0B

» NopaBneHne NnoboYHbIX NPOLLECCOB

» MOoeT 6bITb MCMO/Ib30BAHO B

Mone

peakTopax BbITeCHEHUA
» Mo»<eT bbITb MCNONb30BaHO A9

npmnroToB1eHUA H60NbLUNX KOINYECTB

CpaBHenue YpPpeKTHBHOCTH YCTAHOBOK MUKPOBOJIHOBOTO
U TEPMHUYECKOI0 HATPeBa

Haunmenosanue nporiecca KII]I peakTopa,%o

MHUKPOBOJIHOBOT'O TCPMHUYCCKOI'O

L. Jeruapuposasie yrnesoaopozos

2. Perenepauusi H€OJUTOB
3. Cy1ika XUMHYECKHX Cpell
4. O0KUT U3BECTHSIKA

23.07.2013 HIY, 3 kypc ®EH




CH,;CH,CO,Et

Ne=—
+ 7 Scop T QNH
H

montmorillonite Li* Imin  40°C MW  40% A 0%

S5min 75°C MW T2% A 27%

23.07.2013 HIY, 3 kypc ®EH




LiBr (2 eq), NBuyBr (0.1 eq)
H,0 (2 eq)

Table 16. Krapcho reaction under solvent-free PTC conditions

R Reaction conditions Yields (%)

t (min) Temperature (°C) MW

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

180 186

23.07.2013 HIY, 3 kypc ®EH




C-alkyl

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

PhCH,I  5min  180°C MW : > 98% C-alkyl A traces

23.07.2013 HIY, 3 kypc ®EH
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TUBHOE HArpeE

nOKprTbIe OKCNAOM KpeEMHUA MareMmtToBble \MarHETUTOBbIE HAHOYACTULLbI

MagsSilica™ (from EVONI

nanoparticle based on
Fe>03/Fes0y

silica coating

¥ TEM micrographs of
unfunctionalized
magnetic nanoparticles
before heating

10-40 nm

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

23.07.2013 HIY, 3 kypc ®EH




A

MagSilica™
substrate  substrate product

MagSilica™ (from EVONIK)

* MarHetut (Fe203)\maremut (Fe304) ocHoBaHue — SiO2 NoKpbITHUE
* CTabunbHbI B PAa3IMYHOM XMMUNYECKOM OKPYHKEHWUN
* bonblwaa cymmapHaa naowaab NOBEePXHOCTU U3 33 HAHOpPa3mepa

23.07.2013 HIY, 3 kypc ®EH



* HarpesaloTca 3a cyer MarHUTHOM MHOYKUUN B MPOBOAHUKAX

(»keneso, meapb, cnaasbl U TA).
* CynepnapamarHuMTHble HaHOYaCTULbl MOTYT ObITb 1IEMKO HarpeThbl

00 >2500C npu 25 Kl 3a CEKYHADI.

= lNpAamoe Tenn00b6pa3oBaHUE Y PeaKLNUOHHbIX LLEEHTPOB.
—> be3onacHo.

MagSilica™ superior

Steel beads (0.8 mm diameter)
competitive

350 400
PWM / ppm

—m— 0.8 mm Stahlkugeln —¢— MagSilica 50/85

23.07.2013 HIY, 3 kypc ®EH




arpeBaHMe Ha macasaHou baHe npoT
DOBOJIHOBOTO M MHAYKTUBHOTO Harf

"0 0 A OH O
OMe

L

OMe

mm

oil bath 200 °C toluene 17 %
2 oil bath 5h 100 °C DMF 0%
3 MW, SiC 2h 200 °C toluene 38 %
4 MW, SiC 1h 250 °C solvent free 40 %
5 induction 2h 200 °C toluene 39 %
6 induction 0.5h 200 °C solvent free 29 %
7 Induction 1.5h 200 °C solvent free 40 %

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



Inductive Heating: equipment

reactors

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

- possibility of back-pressure
application

- all common solvents/reagents
usable

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

Inductors

23.07.2013 HIY, 3 kypc ®EH




23.07.2013

o SiO5 shelled
Fe;04 nanoparticle

@ oxidant: CrO,, NiO,

inductor

Cr02 ( Mangeve ™)

&

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

Cr02 ( Mangeve ) O
O

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

HIY, 3 kypc PEH
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MOHHbIe }KNAKOCTU

RSO,
CH,SO,
R,PO,-
SCN-

(F,CSO,),N

. imidazolium“Cl:

"ﬁ "’l"ﬂl 'ln r'l‘nrl'lrrurur

EF’H {5 - m:u:_mzzj_

15.02.2012 HI'Y, 3 kypc ®EH 15 u3 47




Pacnnas NaCl Pacnnas bmim PF, Pactesop NaCl B Boge

15.02.2012 HIY, 3 kypc ®EH




Conb OueHb 60/1bLION KaTUOH UM aHUOH
Touka 3amep3aHua [llpegnoytutenoHo, <1000C
Kuakoe coctoaHme Yacto >2000C

Tepmunyeckan ObbIYHO BbICOKA
CTabUNbHOCTb

BAa3KocTb O6bI14HO <100 cP, npurogHa ans paboTbl

Avanektpnyeckaa <30
KOHCTaHTa

NonapHOCTb YmepeHHasn

MpoBOANMMOCTb Xopotwas (<10 S*cm?*mol?)

dneKkTpoxmummiecko >2B,004.5B
€ KOKHO»

PaCTBOpVITe!'Ib UIn OTﬂVI'-IHbIﬁ, ANA MHOTnMX opraHN4eCKkmnx peaKu,m‘/'l
KaTa/Z1n3aTop

[asneHune napos O6bI4YHO O4YEHb Mano

15.02.2012 HI'Y, 3 kypc ®EH




Table Il. Properties of various liquids.

Compound Temp. Molarity Spec Cond Molar Cond

o °C Mol L! Scm! Scm? mol! cP
lonic Liquids
NaCl 900 25.3 3.88 154 1.05 2
LiCl 780 35 7.59 217 2
NaNO;, 450 21.4 0.72 34 6.9 2
Na,SiO, 1750 ~18 4.8 =270 2
AICl; (63%) — NaCl 175 5.8 0.24 41 3.85 7
LiCl-KCl 450 29.7 1.57 53 2.44 7
[(CH,;),S][ HBr,] 25 7.3 0.034 4.7 20.5 8
emimCl(60%)-AlCl, 25 5.3 0.0065 1.2 47 8
emim Al,Cl; 25 3.4 0.015 4.4 14 8
bmim CF;CO, 20 5.1 0.0032 0.6 73 8
bupy BF, 25 5.5 0.0019 0.3 103 8
emim[(CF,S0,),N] 25 3.7 0.0057 1.5 31 8
Others
H,O 25 55.32 4x10% 7 x 107 0.895 2
0.1 M aq. KCl 25 0.1v 0.013 129 0.9 2
Na 100 40.4 1.04 x 10° 2.6 x 10° 1.058 2
H,50, 25 0.049° 0.0104 212 24.55 9
CH;COOH 25 17.52 8 x 107 4.6 x 107 1.056 10
HF 0 50.12 1 x10° 2 x 1073 0.256 9

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

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

15.02.2012 18 usz 47



Personal Care

Metal ExtracliunL Emkbalming
Household Products
"dry" cleaning
Drug Delive Sy
g— Batteries
Solar Panels
Biomass Processing Biological AE:”EI%I:'II:IISLS lon Propulsion
Biocides Fuel Cells

Eleciro-optics

Heat Transfer

RI matching

Viscosity / Lubricants

Figure 4:  Innovation Map — Materials and Physical Properties Matrix
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lonic Liquids as Engineering Fluids

Example 1: Hydraulic Liquid ,,lonic Compressor® p.BaSF

The Chemical Company

Gas Inlet = =) Gas Outlet

H,, CNG

»liquid piston*

key properties IL:

* NO vVapour pressure

* very low gas solubility

* broad liquid range
WO 2006/034.748 (LINDE)

15.02.2012 HI'Y, 3 kypc ®EH




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
iIncreased pressure & temperature

15.02.2012 HIY, 3 kypc ®EH




lonic Liquids as Engineering Fluids

Example 2: Oxygen Compression (LINDE)

lonic Liquid as Lubricant in O, screw compressors:

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

Imidazolium bis(trifluormethanesulfonyl)imides

R
@/

N
[N»\R (F3CSO,),N®

||2 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




lonic Liquids as Engineering Fluids

Example 3: Specialty Lubricants

lubrication ...
... Important 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 lubricant

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

IL plus additive

viscosity —»

-> application-specific IL formulations

temperature —

15.02.2012 HIY, 3 kypc ®EH 25un3 47




lonic Liquids as Engineering Fluids

Example 4: Specialty Hydraulic Liquids r1- BASF

The Chemical Company

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

i
o
E"
x 8
o £
S<
goa
c
£2
11]
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




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™V:
BASF-IL formulation with overall positive results

[==]
=

trials together with Univ. of Erlangen &
GARDENER DENVER

X

N

(=5}
=

volume stream (m%h)

e
=

[
4
|
) /
/

(10 100 1000

pressure (mbar)

WO 2006/029.884 (BASF)

15.02.2012 HI'Y, 3 kypc ®EH
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1 B CBEPXKPUTUYEC

BelleCTBO, CYLECTE

Supercritical
region

Critical point

Q
£
=
7]
7]
L
o

B 7.-31.1C
pPc = 73.8 bar

Temperature, T
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T ——— _‘f‘f'l--. |
Commercial scale
scC 02 extraction plant )
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pre-soaked ScCO +
2
beans o caffeine

dissolves
in water

decaffeinated
beans

Coffee bean
dnnaﬂulnmr::ﬂ
umn aupar




