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e Y10 Takoe HAHOYACTUIIHI?
 HaHoTexHOIO0ruM B IPpEBHOCTH
e Karanus, 410 3T0 Takoe?

e HanouacTuipl B KaTajiuse:
- 3a4eM MCHOJIL30BaTh HAHOYACTUILI B KaTaiause?
- YTO B HUX 0COOECHHOTr0?
- IPUMEPHI IPUMECHECHUS

e 3aKIIOYEHHE: YTO JIaJIbIIe?
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Bukunepgus:

Hano (0003Ha4eHue H WIK N, IPOMCXOAUT OT JAp.-Iped. VAvOC, Nanos — THOM, KapJIuK) —

oJHa MUJLIHapaHas yacth (107 ) equHOrO 1IETI0TO.
1am =10 m

Beenena B oOpatenue 29 aexadps 1959 rogy Puyapnom deitHManoM Ha JICKIIUKM «BHU3Y
MOJIHBIM TOJTHO MecTa» B KanmudopHUCKOM TEXHOJIOTUYECKOM UHCTUTYTE.

ILi1anera 3emJs

Cpenuuii paauyc 6 371.0 km
Paguyc 6,371 Mmm
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Ky6ok Jlukypra IV BeKa H.3.,
n3rotoeneHHas B  [lo3gHen

Pumckon NMnNepun.
dKcnoHupyetca B bpuTaHckom
my3ee.

B 1959 rony bputanckuii my3ei
OTIPaBUJI KyCOUYKH CTEKJIa Ha
nuccienosanne B General Electric
IJ1s1 MUKpOaHAaJIN3a U BBISICHECHUS,
KaKUM ITIUTMEHTOM OOYCJIOBJICH €€
nBet. MccnenoBaHus mokas3aian

B oTrpakenHom cBete B npomnyineHHOM cBeTe HaJIWYHE CJICTOBBIX KOJTMYECTB

30J10Ta U cepedpa (oK. 1%).
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Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

OnHako ToabpKO B KOHIIE 80-pI1X Togax 20 Beka ObUIM CAeIaHbl UCCIEI0BAHUS
METOJIOM MPOCBEYUBAIOLIEH JIEKTPOHHOU MUKPOCKOIIUM:

e ..  20nm

Transmission electron microscopy (TEM) image of a silver-gold alloy particle and of
sodium chloride particles within the glass of the Lycurgus (Barber D.J. and Freestone I.C.
(1990), Archaeometry 32, pp. 33-45).
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X-ray analysis showed that AgAu paricles are an alloy, with a ratio of silver to
gold of about 7:3, containing in addition about 10% copper.

Kak HaHOYaCTHLIBI 30J10TA U cepedpa monajau B cTekja0 Yamu Jiukypra?
30J10TO U cepedpo, MO-BUAUMOMY, T100aBJISIIM B paCTBOPHUMOi (hopMme.

B npoiiecce npou3BoICTBa CTEKIa KAaTUOHBI 30J10Ta U cepedpa
BOCCTAHABJIMBAJIKCH (CYpbMOI) IPU BHICOKOM TEMIIEPATYpE

KoJsstouaHoe 30J10T0 U cepedpo CTajio U3BECTHO MO3/IHEE, BO3BMOXKHO, B XV
Beke. OHO MCMOJIB30BAIOCH KaK B JEKOPATUBHBIX, TaK U B JICUCOHBIX LIEIISIX.
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S A8 HaHOTEXHO0JIOTHH B CpeJHUE BEeKa

Stained-glass window in Milan Cathedral,
Italy, made by Niccolo da Varallo between
1480 and 1486, showing the birth of St.
Eligius, patron saint of goldsmiths. The red
colors are due to colloidal gold.

Pottery of Deruta (Umbria, Italy)
15th and 16th centuries
Glazes containing copper and silver
nanoparticles




I\M 5913'5 HaHoTexHOJI0ruM B CpeHMEe BeKa

1685: Andreas Cassius published De Auro

He described preparation of a purple precipitatate,
called after him Purple (mypmnyp) of Cassius

The recipe: dissolving fine gold powder in aqua
regia, adding water, and then adding a piece of

pure tin. After an hour or two, a brilliant purple
precipitate formed.

Purple of Cassius was used in some of the most
world-famous porcelain from Meissen, and
Sevres, and the art of making it travelled to
China where it was used from 1723 in Chinese
Famille Rose porcelain. It is still used today in
very high quality tableware.

- | ’ )
Gold Bull. 1976, 9, 134 ERSITE DE STRASBOURG a ARC
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Lataraioire des Maltriaus, Surlsces
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@uiunn AypeoJa Teoppact bomoOact ¢pon
I'orenreum (1493 — 1541),

u3BeCcTHBINA Kak Ilapaneibe, ncnonb3oBail
npenapaThl MATHEBOTO (KOJUIOUAHOTO) 30J10Ta,
MOJYYEHHOTO BOCCTAHOBJICHUEM CIIMPTOBBIMU
HACTOSIMM 11€JICOHBIX TPaB, KaK JIEKAPCTBEHHOE
CPEACTBO B CBOCH BpaucOHOM MPaKTHKE.

Portrait by Quentin Massys
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http://en.wikipedia.org/wiki/Quentin_Massys

KosutonaHoe 301012 Muxauaa dapajes

Lataratoie des Maltriaux, Surfaces
it Procédes powr & Cakalysa

; .?,? Michael Faraday prepared the first pure sample of colloidal
* gold, which he called 'activated gold', in 1857. He used
phosphorus to reduce a solution of gold chloride.

Faraday: “a mere variation in the size of [gold] particles gave
rise to a variety of resultant colours™.

Slide that Faraday used in his
lecture on gold colloids, in 1858

Aquous solution of

P = m colloidal gold
UNIVERSITE DE STRASBOURG E é\“ FRCg
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ITak, HAaHOYaCTULIbl N3BECTHbI
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-ZV%’;._ - Yro Takoe karaaus?
N
NP

KaTtanus B npupopae - pepMeHTbI

BepoaTHo, Hanbonee gpeBHee NPMMEHEHME YENTOBEKOM SIBNEHNSA KaTannTUYECKOro YCKOPEHMUS
— pepmeHTaumsa (Hanpumep, onsa nNonyyYeHUsa BuHa)

Jons Jakob Wilhelm Ostwald: 1909 Gerhard Ertl: 2007
Berzelius 1835

Nor:).el prize itn 1_90|9 (‘;‘?r hlt?] Nobel Prize in Chemistry for
: achievements, including the his pioneering studies of
The term catalysis was understanding of the catalysis cheFr)nicaI progesses on solid

introduced by Berzelius = ,hanomenon.

around 1835-1836. - m surfaces
w wiivERSITE DE STRASBOURG @



http://upload.wikimedia.org/wikipedia/commons/b/bb/J_J_Berzelius.jpg
http://www.google.ru/imgres?imgurl=http://farm4.static.flickr.com/3089/2551039509_01bc760838.jpg&imgrefurl=http://www.flickr.com/photos/23896043@N07/galleries/72157622829665548&h=500&w=454&sz=170&tbnid=HglM_GWfhrCw2M:&tbnh=236&tbnw=214&prev=/images?q=ostwald+portrait&hl=en&usg=__8LkXtjnelqRt9puJGGMh6KKRqaA=&ei=esaES8fvF6GqmwOG77W3Ag&sa=X&oi=image_result&resnum=1&ct=image&ved=0CAYQ9QEwAA

L‘ft%’ff Karaaun3, 4to 310 Takoe?
M%7
A- B— P
The nature of the catalytic rate enhancement
f::> A---B---Ca@
% G' gt A + B + Cat P--Cat
% """""""" t P+ Cat%:,LJ
S
L
0
Q|
g 0 depmeHTaTUBHBIN KaTaIK3
U 'oMoreHHsIil KaTaans
Y N/ N\ U I'eTeporenHsIil KaTaans
A+B+Cat I -AG,
P+Cat —

Reaction coordinate
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Lataraioire des Maltriaus, Surlsces
al Procédas powr la Catalysa

Key factors: Energy and structure

Example 1: catalytic CO oxidation

Decrease of the activation barrier via compensation of the energy losses

go "’"gz b ’co . . .
PR A\ {2 Non-catalyzed reaction: Catalytic reaction:
—\ 20 0.0 000 Energy required to split O-O E,~ 50-100 kJ mol-*
. ” sdserpon  reacon Gesorpin bond: Pt-O 375 kJ mol-’

| A ~500 kJ mol-?

| 8ol | a
e T Concepts of Modern Catalysis and Kinetics, I

reaction coordinate

Chorkendorff, J. W. Niemantsverdriet, 2"? Edition, 2007
Example 2: benzene formation

Putting reactants in a close
proximity

3C,H,— 5C.H, =

w UNIVERSITE DE STRASBOURG




. Importance of heterogeneous catalysis in the modern
L”“?f’gﬂ’b economy

Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

Catalyst (heterogeneous) industry
(~13 billion Euro in 2004
Europe ~ 5 billion Euro)

N

IlepepaboTka HeDTH

~20% v OxpaHa OKpy’Karoleu Cpebl,
XuMuueckas OuncTka BHIOPOCOB
Catalyst cost in petroleum HPOMBIIICHHOCH ~37%
refinery is ~0.1% of the product ~43%
cost
1 $ invested in the catalyst ~ 90% of the chemical products
technology leads to ca. 1000 $ are obtained in catalytic
of gross world product processes

e
Leh

A Ty

({1 1 2 13

IC-1-6M Catalysts for

oxidation of sulfurous
anhydride into sulfuric
anhydride in the sulfuric
acid production: granules,
tubes, monoliths

Thermostable catalyst ICT-12-40 for
of toxic organic impurities and
carbon monoxide in industrial waste
. gases.
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% HanoyacTuubl B katajmse
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Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

IIpuunna Nel: yBeinueHHe aAKTHBHOCTH HA eIMHUIY MACChI JlucnepcHocTb
1 M 0,5M 1 HM
2_-1
61T gyt Sw 6107 S, =300 3’

= La-21.452cm”

A
v

1
/‘ Syaocg
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-’ﬁ%;w HanouyacTuunl B karajaunse

Ipuunna Ne2:
yBeJUYEHHE MOBEPXHOCTH KOHTAKTA MeKAY AKTUBHBIMH KOMIIOHEHTAMM UJIH
KOMIIOHEHT /HOCHTEJb

Hpumep: [Ipon3BoACTBO METAHOJIA U3 CUHTE3 ra3a
CH;OH — one of top 10 most important chemicals

solvent

~50%
CH,OH . — Formaldehyde production

g{> Acetic acid, methyl methacrylate, etc.

Catalyst: Cu/ZnO/AlO,

Operation conditions: 220 -300°C, 50-100 atm

~ Yield: 99% P
w UNIVERSITE DE STRASBOURG a
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v@# HaHo4acTHIBI B KaTan3e
M-Jg'f‘i Ilpeononazaemulit mexanu3m cCuHmesa Memanoaa

Lataratoie des Maltriaux, Surfaces

ads 2(ads)
S ) ZnO
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Lataraioire des Maltriaus, Surlsces
it Procédes powr i Catalysa

Ipuunna Ne3: IlosiBjieHUe HOBBIX CBOMCTB

Bmmsane pasmepa u (hOpMBI YaCTHUIl Ha UX KaTaJIUTHISCKHE CBOMCTBA SIBIISICTCS
Ba)KHOM, HO HE 10 KOHIIA UCCJIeIOBAaHHON MPOOIEMOi

1
Structure sensitive reactions CprKTyprle (I)aKTOpr
= (*positive” size effect)
= DJIeKTPOHHbIE (PAKTOPBI
-E "‘"
2 s
=.
= _
= Structure msensitive reactions
o
>
=
3 Structure sensitive reactions
~—
2 (*‘negative” size effect)
] I -1

3 10 100 1000

Particle size. A
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HaHouyacTuubl B KaTajinse
Pazmepnvie 3¢hhexmot

KBanToBbIe 3 PeKThI

VYnpolieHHas 30HHas AuarpaMmma Jjist
MPOBOJHUKOB, MOJYIIPOBOJIHUKOB U
IUAIEKTpUKOB (Bukunenus)

-

Electron energy

overlap

metal

3oHa
MIPOBOIH-
MOCTH

Fermi level

insulator

semiconductor

JAuckperHble
YPOBHHM JHEPruu

JHepreTuyecKue
30HbI

size-induced metal-insulator transition

=smas

= 5=0 == 5<kT 5 >KT 8 >>KT
bulk metal metallic clusters  insulating clusters  afoms &
& particles & particles molecules
3anpe-
IICHHAas 30Ha increasing diameter decreasing
* I nuclearity }
Kubo gap 0

Metal — insulator transition

~

UNIVERSITE DE STRASBOURG

> 4

Nanoscopic materials. Size-dependent
phenomena, E.Roduner, RSC, 2006
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Lataraioire des Maltriaus, Surlsces

it Procédes powr & Cakalysa
JHepreTuvecKmne JAuckpeTHbIE
30HbI YPOBHHU SHEPIruu

KBanToBbIe 3 PeKThI

size-induced metal-insulator transition

2 Au, A : B g
3 I Er 5=0 == 5<kT & >KT 65> KT
> S = —
% N ,"_1 ' -— —_—
2 gAY = — —
: SRR = =
o L v —
Q !
e bulk metal metallic clusters  insulating clusters  atoms &
pd{ =X ' . & particles & particles molecules
] é 1IO 1I5 ZIU
N increasing diameter decreasing
- . . ‘ nuclearity }
Overall reactivity as a function of cluster size
for the oxidation of CO to CO, on gold clusters Kubo gap &

supported on defect rich MgO(100).
Metal — insulator transition

Nanoscopic materials. Size-dependent
a phenomena, E.Roduner, RSC, 2006
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Lataraioire des Maltriaus, Surlsces
it Procédes powr & Cakalysa

CtpykTypHBIE (PaAKTOPLI Kpucrasinorpadgus noBepxHocTu

Surface site distribution
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HaHouyacTuubl B KaTajinse
Pazmepnuuvie 3¢hhexmot
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Laary—— T .

IIpumep: ['uaporenonus stana Ha Ni

al P

07

Maximum ratio of (100) to

(111) sites

0.6 |-
05F
0.4
0.3F
02t

01}

N

550K

TURNOVER FREQUENCY (molecules/sitess)

30

50

60

PARTICLE SIZE (A)

Fig. 16. Ethane hydrogenolysis activities at 350, 575 and 600 K
plottzd as a function of average Ni particle size in a

Ni/8i0, /Mo(110) [66].

Ratio of (100) to (111) sites =

0

70

80

Decrease of (100)
to (111) ratio

Comparison with the single
crystal data

Methane formation rate (TOF)

-
(=]
[

101

LY

10°?

1074

T | 1 T

Ha
CZHG —= CHy

Ni(100)
Ni{111)

SMALL PARTICLES

LAHGE HARTICLES

DATA FROM CARTER,

1.8
1000/T (K")

(100) — higher
activity

Fig. 14, Arhenius plots for the hydrogenolysis of ethane over
Ni(100) and {111) surfaces for a 100 Torr total reactant pressure
and an H,:C,H, ratio of 100:1. Data from Carter et al. for

supported Ni catalysts at ~ 525 K is also included [62.63].

~
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CrpykrypHBIe (PaKTOPbI PoJ1b KOOPAMHAITMOHHO HEHACBHIIIEHHBIX aTOMOB

2
2 C,H,
Q
O
©
/s
CH,
Ipumep:
['mppupoBanue sTuiieHa Ha Pt, N1 >
d, nm

/ C,H, Hydrogenation

C,H,+H, .
2CH, Hydrogenolysis
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,_ J@’ PasmepHbIe 3 (peKkThl B KaTaIN3e
L‘M Wt T'uopupoeanue smunena na Pt, Ni

IlpeanosiaraeMblid MEXaHU3M

ethylidene
C,H, H I-II H IIpermyiiecTBEHHO
\C/ HA IPaHAX

S T /C\\ H,

7777777
me-cn, \M: ® mCscH, ¥ /
LSS S /-\

2CH, H, IIpenmyniecTBEHHO

/ H3ﬁ? H H3(§:_ -€H3 Ha pedpax
LSS S

(i_ 3 — T
: com / |
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Lataraioire des Maltriaus, Surlsces
it Procédes powr & Cakalysa

Poab KOOPAUMHAONOHHO HCEHACBIIICHHBIX aTOMOB

IIpeanosaraeMbId MeXaHU3M
STM image of model MoS, nanocrystals on

é E} 7/ \ Au(111) showing missing S atoms after

\E + interaction with H,.
l_l

r active phase J% i Iil

active phase _‘

HyS Ho

Proposed structure of the active sites

S. Helveg et al. Phys. Rev.

EE} t ii Lett. 84 (2000) 951

Ball model of the active site C m
E STRASBOURG
(top and side view) y

G |




,_ J%, ’ PasmepHbIe 3P PeKThI B KaTAJIN3E
N
ng'{"i Kamanusz na nanouacmuyax 3o01oma

Lataraioire des Maltriaus, Surlsces
it Procédes powr i Catalysa

Bulk gold - inactive. Chemical inertness of Au 1s often attributed to its filled d-
band (d'%s?h).

1987 - M. Haruta et al., Chem. Lett. 2 (1987) 405 — low temperature CO
oxidation

0.15 .

Au/TiO, (273 K)

CO Oxidation |

e
—h
T

0.05

M. Haruta, Chem.
Record 3(2003) 75.

0- P R T T NN TR TR TN S SN TN T SN S N T TR
0 5 10 15 20

Rate per Surface Metal Atom (s-)

Mean Diameter of Metal Particles (nm) >
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Lataraioire des Maltriaus, Surlsces
it Procédes powr & Cakalysa

Bo3MoOKHBIC IPUYNHBI BLICOKON AKTUBHOCTH HAHOYACTHIL 30J10TA

* Importance of low co-ordination sites

* Electronic influence of support

» Active sites at metal/support interface

* Quantum effects?

UNIVERSITE DE STRASBOURG a lll
J ECOLE EURDPEENNE DE CHIE, POLYMERES £T MATERALX
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% Pa3smepHbie 3 exThl B KaTau3e
I\ix,r- o Kamanau3 na nanouacmuuyax 3onoma

Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

Po/1b KOOpAMHAHOHHO HEHACHIIIEHHBIX aTOMOB
1. High-temperature conditions (T=600 K, P,,=0.33 bar, P.,=0.67 bar)

() Au (111) close packed surface

12-atom cluster

225 -20 -15 -10 -05 00 05
EaleV

=== H. Falsig, B. Hvolboek, 1.S. Kristensen, T. Jiang, Th. Bligaard, C. H. Christensen,

and J. K. Norskov, Angew. Chem. Int. Ed. 47 (2008) 1 — 6 /
—
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http://www.camd.dtu.dk/upload/centre/camp/recent highlights/2009/duncan/trens/trends_in_co.gif

; Pa3smepHbie 3 exThl B KaTau3e
g . " -
L»n,rag‘{ai’ Kamanau3 na nanouacmuuyax 3onoma

Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

PoJusb KOOPAUHAINOHHO HCHACBIIIICHHBIX aTOMOB

2. Low-temperature conditions (T=273 K, P,=0.21 bar, P,=0.01 bar)

12-atom cluster

The ability of the metal atoms to
activate reactants is substantially
affected by the CN, and this may
lead either to « positive » or
negative size effects depending on
the nature of the metal

Ecol eV

-0 =-05 00
Eol/eV

H. Falsig, B. Hvolboek, I.S. Kristensen, T.
Jiang, Th. Bligaard, C. H. Christensen, and

J. K. Norskov, Angew. Chem. Int. Ed. 47
T e 4

EEOLE ELUROPEENNE DE CHIMIE, POLYMERES £T MATERALX
FEOLE NATIONALE SURERELINE BINGENTELNS.




' Pa3smepHbie 3 exThl B KaTau3e
va'f, Kamanau3 na nanouacmuuyax 3onoma

Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

Active sites at metal/support interface

L.M. Molina, B. Hammer,
Applied Catalysis A: General
291 (2005) 21-31

UNIVERSITE DE STRASBOURG c |2 l I I iy
% [~
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J%, Pa3smepHbie 3pPpekThl B KaTainse
l
ng'{’ Kamanau3 na nanouacmuuyax 3onoma
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Where are Cold Catalysts used?

@ Air Purification: CO, HCHO, Odor
@ H, Production: H,O shift, CO oxid.

2 Propylene Epoxidation

2 Aerobic Oxidation: alcohols,
alkenes

» Direct H,0, Synthesis

From Haruta
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. 3\;;, PasmepHbie 3(pdeKkThl B KaTajause
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Kamanu3 na HAaHouacmuuax zoioma

Labtaratuie des Mali ——— 7
it Procéoes powr i |

" CO removal from Ambient Air

- 0.1 g catalyst is used for 12L room air at room temp..
catalyst covers a wide range of CO concentration.

10— | i 10%..
W’*}:-;'J\Vf o WY VARV vanw; q T/ 7
1000 v 1000 i
& . g _
= Au/TiO, S Pt/Ti0,
100 - 100 -
il il
e flE
8 S
10 - 10 -
1 1 | 1 1 1 | 1
0 15 30 45 60 0 15 30 45 60
RIGEERE / min RSB / min
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ECOLE NATIONALE StmEORE DAGENTLRS

\ | 4 > 4




a8 PasmepHbIe 3P PeKThI B KaTAJIN3E

“ ).
kT{{J;{;‘Z Kamanu3 na nanouacmuuax 3oioma
Regeneration of /u/Ti0, Catalyst by
[ ] [ ]
Photo Irradiation
& ~\
S o b b
Ah (i i sy hingniid
TiOo
ﬁ g
ot
%
-] .
4 J
Activity decreases due to the Regeneration by photo
— accumulation of contaminants. irradiation?
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Lataraioire des Maltriaus, Sury

~ Gold Catalyst as an Odor Eater

1992, “Beauty Toilet”, Matsushita Housing Products Co.,

From Haruta

Catalysis by gold: potential applications

1. pollution and emission control technologies;
2. chemical processing of a range of bulk and speciality chemicals;
3. the emerging ‘hydrogen economy’ for clean hydrogen production and fuel

cell systems;
4. sensors to detect poisonous or flammable gases or substances in solution.
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Qit*ﬁi;*f YipapJjieHHe ceJIeKTHBHOCTbI0O HA HAHOYPOBHE

Lataraioire des Maltriaus, Surlsces
al Procédas powr la Catalysa

CenexkTuBHasi 0JIOKMPOBKA rPaHed HAHOKPHUCTAJJIOB

IIpumep: ToHKas ounCTKa dTHIICHA OT arleTuyieHa Ha N1 KaTaJm3aTopax

[Toka3zaHo, 4TO YACTUYHOE 3ayIrJiepokuBaHue N1 KaTaIn3aTOPOB MO3BOJISET
YBEJWYUTH CEIICKTUBHOCTH 110 THAPUPOBAHUIO ALETUIICHA B 3TUJICH OT 12 10 97%

Kak 310 padoraer?
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Q‘_‘Qﬁirﬁ KaTaauruueckuu POCT yIJI€POAHBIX BOJIOKOH

7y
Wy
ot Prockais powr s Catsysa
OnHocTeHHbIe HAHOTPYOKH MHOroCTeHHbIEe HAHOTPYOKH
Roll-up
 —
graphene sheet ST ‘ ‘
. H
Magnification X 20000 {1
OmKkpovimue y2inepooHvix HAaHOMPYDOK o+ \ 4 ¢ |
\ o
|
SWCNT: |

[ A

\
1
i

m ’ MWCNT: L. Radushkevich, V. Lukyanovich,
a T Zhurnal Fizicheskoj Khimii (J. Phys. Chem., in

nanotech-now.com J Russian) 26 (1952) 88-95.

[jima S, Ichihashi T. Nature 1993;363:603-5.
Bethune DS, Kiang CH, De Vries MS, Gorman G,
Savoy R, et al. Nature 1993; 363:605-7.
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@ KaraiquTuyeckuu pocT yrijepoaHbIX BOJOKOH 1
I\Wé’}.‘j CeJICKTUBHAs 0JIOKHPOBKA MOBEPXHOCTH YIJIEPOAOM

Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

—— g -

TIP GROWTH
CH~C+H,
B R A R
Support

CenexTuBHasi 0JIOKMPOBKA
(111) rpanm

- Yactuynoe 3ayriepoxxuBanue Ni
i KaTaJIN3aTOPOB—> YBEINYEHHE
%" CeleKTHBHOCTH MO TMIPUPOBAHUIO
[ anermiiena B 3twiieH oT 12 10 97%

E e, POLYMERES ET MATERALY —
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Lataraioire des Maltriaus, Surlsces
it Procédes powr & Cakalysa

*J[M3aitH KaTaIMTHYECKUX HAHOMATEPHAJIOB C 3aJaHHBIMU CBOHMCTBAMHU
(Teopusi)

* HenmmatnHOBEIE KaTaJIn3aTOPbI
*HoBEBIC PKOJIOTMYECKH YMCTHIC KATAJIUTHUYCCKUEC IMPOICCChI

» KaranuTtudeckue mpouecchl s MOJIyYeHHUs SHEPTUU U3
BO300OHOBJISEMbBIX HCTOUYHUKOB

UNIVERSITE DE STRASBOURG a lll
L £ CINGENTE LS




% TonuBHBIE 3J1IeMEHTHI KAK HCTOYHHKH YHEPTrUH
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Latoratoie des Mattriaus, Surfaces
at Procédés powr la Catalysa

Compare to a battery

Cathode

Fuel cells > Advantages:
* High energy efficiency
* Low (if any) emissions
 Can be fed by fuels produced from renewable energy sources

* Low noise

* Operational safety _
» Flexible power output /

* Modular construction » FRC

e T _— PR Try— . e _—— 40
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Lataraioire des Maltriaus, Surlsces
it Procédes powr i Catalysa
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Lataratoie des Maltriaux, Surfaces
it Procédes powr i Catalysa

Characteristics of Mercedes-Benz FC car

v700-bar hydrogen tank in the sandwich floor
unit

v'Operating range of ~ 400 km

v'Electric motor output 100 KW

v'Speed 170 km / h

v'A compact fuel cell stack

v'A lithium-ion battery

TOYOTA FUEL CELL HYBRID Daimler/Mercedes-Benz B-Class F-CELL

VEHICLE:
MIPENOJIOKUTEIIBHO MTOCTYUT B ITPOJAXKY B
2015 rony B Anonun, Kanudpopuuu, u
['epmanuu

Production

B 2013-2014 rr npeanonsraercs
MPOU3BOJICTBO JIECATKOB THICSAY SK3EMILISIPOB

v'Manufacture of a small series started in 2009

A\ ’ v'In December 2010, Mercedes-Benz delivered.
DE STRASBOURG E the ﬁI'St Of a total Of 200 B-Class F-CELL cars 1m

http:// wwyota.com > 4 = Germany and the United States.
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TonmBHBIE JIEeMEHThI KAK HCTOYHUKHU YHEPIrUH
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Lataratoie des Maltriaux, Surfaces
it Procédes powr i Catalysa

TOYOTA FUEL CELL HYBRID Daimler/Mercedes-Benz B-Class F-CELL

VEHICLE:
MIPENOJIOKUTEIIBHO MTOCTYUT B ITPOJAXKY B
2015 rony B Anonun, Kanudpopuuu, u
['epmanuu

Production

B 2013-2014 rr npeanonsraercs
MPOU3BOJICTBO JIECATKOB THICSY SK3EMILISIPOB

v'Manufacture of a small series started in 2009

A >~ v'In December 2010, Mercedes-Benz delivered
http//WWWtO ota.com DE STRASBOURG E the first of a total of 200 B-Class F-CELL cars in
v?/ J = Germany and the United States.
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