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What does a catalyst do?

(A---B)*

Reaction path



What does a catalyst do?

(A---B)?

Reaction path

AtB = x% C+y% D+ (100—x—y)% E

cat

A+B &= ~100% C




What does a catalyst do?

(A---B)?

Reaction path

AtB = x% C+y% D+ (100—x—y)% E

cat

A+B &= ~100% C




The complexity of a catalyst:

Nature of the support
Concentration of the active phase
Deposition methods
Addition of dopants
PT
Possible presence of spectators
Aging effects
Poisoning
Deactivation
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Cooling/ In: Liquid Gas flow direction
(a) hga?tllr?g (c) : N — < le)
Gas & BAR  HE-----EE N |

outlet

:'T'.

luorescence

==> 8 Ty ! ' L

(d)
EXAFS chamber~
flange

Closing

Bordiga et al. Chem. Rev., 113 (2013) 1736-1850



The relevance of surfaces

There is NO life on earth !
, it is a surface phenomenon !




We avoided an invasion because aliens
had no surface sensitive techniques




Transmission techniques are basically
bulk techniques

IR
I I hard XAS
XRPD

I(E) = I (E)e™"™"

Transmission geometry I I
p(E)yx=—In(7)=n(7
I [

XPS: UPS; soft-XAS; hard XAS detected in EY







Mg0 morphology
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923 atoms
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Core~Shell Structure

of Palladium Hydride
Nanoparticles

Revealed by X-ray
Absorption Spectroscopy
and Diffraction

ENERGY CONVERSION AND STORAGE, OPTICAL AND ELECTRONIC DEVICES,
INTERFACES, NANOMATERIALS, AND HARD MATTER

<5 ACSPublications www.acs.org
J. Phys. Chem. C 2017, 121, 18202—18213
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The building-up of a zeolitic framework

Tetrahedral unit (SiO4)

Microporous molecular sieve
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Cu+-zeolites: Interests & Applications

Iwamoto & Hamada, Catal. Today 1991, 10, 57
Lamberti et al, J. Phys. Chem. B, 1997, 101, 344

/NO NZO
cu’ Cu’ — cu’ O
; AN ; NO
NO NO NO
Cu-exchanged zeolites
are very

active catalysts for the direct NO N
conversion of NOx into O 2+
and NZ 2 2 N

Prestipino et al., Chem. Phys. Lett., 2002, 363, 389
Llabrés i Xamena et al., J. Phys. Chem. B, 2003, 107, 7036 34
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Geometry of the Cu+(CO)3 complex in ZSM-5: XANES spectra

1s

Cu —

Cu(CO) —

SECTC

Cu’(CO), ——
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] A ] A ] A [ A B
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Energy (eV) 0 1 2 3
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Formation of Cul(CO) electron transfer from
C. Lamberti, et al. Angew. Chem. Int. Ed., 39

N cotocu—
(2000) 2138-2141



Local structure of [CuI(CO)2]+ adducts

Cu-O, (9,)

hosted inside ZSM-5 zeolite

Cu-C(g,)

Kx(K)(A)

Cu-C-O (9,%9.)

Experimental and Fit

Residual

C. Prestipino, et al. Phys. Chem. Chem. Phys., 7 (2005) 1743



Local structure of
[CuI(CO)3]+ adducts
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ZSM-5 zeolite

| |2

Cu-C

Cu-0O

WA

/\/V\/\N-CU_C_O (MS)

...EXP
___HIT
' - - - residual

IFTI/A"

0.15

___EXP '.
0.0 NP — - —_— .
T M
residual q"‘ N g 0.00
N T IR
Cu* complexes Neo Reyor (A) Reuc (B) Reo (A) Ocu-c-o (°)
cu* - 2.00+0.02 - - -
Cu+(CO), 1.8+£0.3 2.11+0.03 1.88+0.02 1.12+0.03 170+ 10
Cu*(CO), | 3 (fixed) - 1.93+0.02 1.12+0.03 180+ 10
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Cu+-Y: IR spectroscopy of CO at 80 K
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2180 216

g
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Cu+-Y:EXAFS data: GILDA BM8 @ ESRF

0.2 1 1 1 ' 1 1
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It was not possible to refine the
EXAFS data neither assuming one
single Cu-+ site nor assuming two
different Cu+ environments

Cu-+-Y still remains a
puzzle
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Cu+-Y: in situ XRPD data @ ESRF (80 K)
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Cu+-Y: XRPD explains EXAFS data

Atomic Parameters Resulting from the Rietveld Refinement of the Zeolite at 80 K in

Vacuo'

nuriher of atoms

atom x ¥ z per unit cell

S 0123801 0.947401) 0.035601) 140.2
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01 0.1038(2) —x 0 Ele

02 [L.ODT0(3) X 0.1484(5) 96

03 01768 2) X 0.9743(3) 26

04 0.173203) X 0.3218(4) 96

Cu 11} O2360(8) X X a.103)
Cu (1#) 0037701 X h 23.4(2)
Cu (11%) 02171(4) x x 11.5(3)

K %(K)

....... Fit: I + 11+
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et al,, J. Phys. Chem. B, 2000, 104, 4064 45



Cu+-Y:XRPD interaction with CO at 80 K
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Cu+-Y: XRPD explains IR data

Wavenumber (cm™)
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XES @ 1D26




Chemical Reviews

Chem. Rev. 2013, 113, 1736—1850
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TS-1: Interest & Applications

Higly active and G _
selective catalyst b ®

for oxidation "~ é
reactions using \ 3

hydrogen peroxide /
as oxidizing agent:”"" < ; e e

Industrial plants in” o y
Europe and Japan
Notari, Adv. Catal. 1996, 41, 253,

RR'CHOH
Mantegazza, et al. J. Mol. Catal. A 1999, 146, 223 RS0 RR'C= NOH

Bordiga et al. Angew. Chem. Int. Ed,, 2002, 41, 4734 *
Bonino et al., J. Phys. Chem. B, 2004, 108, 3573 Y

RR'C=O0O 55



TS-1: XAFS data @ ESRF BM8 GILDA
72

MmN
02 - X
norm
ux .

\—7/—¥n vacuo
y - [HO
- \\H

after _

4980 5000 5020 1 2 3 50 75 1
1
Photon Energy (eV) R (A) k (A7)
S. Bordiga et al. J. Phys. Chem., 2002, 106, 9892; A. Zecchina et al., Topics in Catal., 2002, 21, 67

0.0 \,



TS-1: XAFS data @ ESRF BM8 GILDA
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n’ Ti peroxo complex
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Zecchina et al., Topics in Catal., 2002, 21, 67; F. Bonino, et al. J. Phys. Chem. B, 2004, 108, 3573
Prestipino et al. ChemPhysChem., 2004, 5, 1799



The PVC [-CH,-CHCI-].

e A wide use polymeric
material

e It used in electronic,
building,farmaceutic,
and in several different
kind of applications




The chemistry of PVC

The VCM process

Hydragen chioride recycle
4
Ethl EDC recycle
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EDC purification i  EDC cracking p—w=CM

Ethylene —m [
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Chlzring — I_j..
By products
Water

The oxybhlorihétién reaction ( CbCIz) H
C2H4 + ZHCI + 1/2 02 —> C2H4C|2 + Hzo

The cracking of 1,2-dichloroethane:
C,H,Cl, > CH,=CHCI+ HCI
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Understanding the basic reactions
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I
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+CH, +0,
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+ O2
+HCI
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Catalyst: CuCl,/y-Al,O4

Evolution of the XANES spectra after
interaction with reactants

a) Reduction of CuCl, to CuCl by C,H, :
2CuCl, + C,H, — C,H,Cl, + 2CuCl
b) Re-oxidation of CuCl by oxygen:
2CuCl + 2 O, —» Cu,0Cl,

c) Closure of the catalytic cycle by re-
chlorination by HCl yielding CuCl,:

Cu,0Cl, + 2HCl — 2CuCl, + H,0

G. Leofanti et al. J. Catal, 189 (2000) 91; J. Catal,, 189 (2000) 105;
J. Catal,, 202 (2001) 279; J. Catal., 205 (2002) 275




Understanding the basic reactions

N

FT (A%

_ C2H4 \
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+ HCI

Catalyst: CuCl,/y-Al,O4

Evolution of the XANES spectra after
interaction with reactants

a) Reduction of CuCl, to CuCl by C,H, :
2CuCl, + C,H, — C,H,Cl, + 2CuCl
b) Re-oxidation of CuCl by oxygen:
2CuCl + 2 O, —» Cu,0Cl,

c) Closure of the catalytic cycle by re-
chlorination by HCl yielding CuCl,:

Cu,0Cl, + 2HCl — 2CuCl, + H,0

1 RA) 2

G. Leofanti et al. J. Catal, 189 (2000) 91; J. Catal,, 189 (2000) 105;

J. Catal, 202 (2001) 279, J. Catal, 205 (2002) 275
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The use of additives in the industrial catalysts

PRODUCTS
OouUTPUT

"‘ Base catalyst: CuCl,/y-Al,O,

P3

oen1q  FiXed bed reactors j> Potassium
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Qﬂ&hmh

Fluid bed reactors j> Magnesium

Other additives : Li, Cs, Ce, La

L REACTANTS

INPUT




GOALS and TECHNIQUES

First goal: Second goal:

The study of the effects of Determination of the

rate determining step

additives
and of their concentration Of the ethylene
oxychlorination
dispersive reaction

XAS
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Temperature (K)

Experiment description @ ID24
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Description of the experimental set-up @ ID24
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Base catalyst CuCl,/y-Al,O,

Ramp up: Cu(II) - Cu(I)
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Ramp up: Cu(II) - Cu(II)+Cu(I)
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Comparison between K-CuCl,/y-Al,O; and CuCl,/y-Al,0;
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e Totally reduced at the end of the ramp up

¢ Not re-oxidized during the ramp down

e The activity of the catalysts starts with the
reduction, within our accurancy (£10 K)
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e Partially reduced at the end of the ramp up

|:> e Re-oxidized during the ramp down

e The activity starts before the reduction
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