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Why CNT In catalysis?

Inverse structure of a traditional catalyst support

» Mesoporosity
e Open structure

|

[No mass transfer limitation

No pore blocking

Conventional support Structurally dynamic support
* Mechanical properties Resistant (attrition)
« Electronic properties — Conductive support (e - transfer)
« Thermal conductivity Exothermicity of chemical reactions
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Pt/CNT catalysts for selective hydrogenation

purification Nitric acid treatment

As grown CNT === Pure CNT Air oxidation

, Ball-milli
{E} Support {2} A-miing

CNT activation

Impact on...
» Specific surface area
 Length/Opening
» Surface chemistry

CATALYSIS

Selective Hydrogenation

o Activated
Support
new properties
Pt/CNT
Grafting procedure Supported

NanoSpain2008 « Surface Organometallic Chemistry catalyst 3




FUliieu CiN I pOwucCl

B PRIV, LT s R el o

0 & Purity : 95% (5% metal catalyst) Pore volume : 0.8 cm °/g
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Pore diameter : 6-20 nm
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CNT activation (I) — HNO ; treatment

« XPS
HNO, 65%, s TEM
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CNT activation (I) — HNO ; treatment
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CNT activation (I) - HNO ; treatment

Zone A

“native” and reactive | ANEEEA
amorphous carbon [ SR

significant CO, evolution during the
first minutes of the reaction
Native carbon removal
C+"“0,”— CO,
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CNT activation (I) - HNO ; treatment

7 slightly oxidized MWCNTs 3%
7 30 min 2/

Zone A
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CNT activation (I) - HNO ; treatment

moderately oxidized MWCNTs — 1 h

e functionalization at
reactive sites such as pentagons

Damaged tips of MWCNTs
CNT opening ‘

Zone A/B
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CNT activation (I) - HNO , treatment
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zed MWCNTS

Zone B

CNT walls damaged
Burn-off
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CNT activation (I) — HNO ; treatment
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NT activation (I1) — ball-milling

CNT opening
~ 20%
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CNT shortening
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CNT activation (II) — ball-milling

Time (h) 0 12 | 24 | 60 |120
MWCNTs aggregates mean diameter | 37 | 15 | 10 | 4.7 | 4.5
(Hm)
: MWCNTSs length (um) ~90 | - - 1011 -
— MWCNTSs Sge (m?/g) 177 | 180 | 201 | 260 | 240
I/l (Raman) 164 - (184 22 | 2.3
| at. O % (XPS) 1.1 - (135 2.1 | 3.1
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Low amount of oxygenated groups




CNT activation (Ill) — air oxidation

CNT opening
~ 40%

CNT shortening
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CNT activation (lIl) — air oxidation

TGA - Raman
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CNT activation — Surface chemistry

Type and concentration of groups are different (TPD)
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CNT activation - Comparison
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CNT activation — CNT dispersibility (EtOH)

24h
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MWCNT-COOH

Functionalized
(-COOH) CNT

Short CNT
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Pt/CNT catalysts

COOH COOH
| | [Pt'Me,(COD)] N, - 400C e ¥ ¥
> >
impregnation H, - 350C -——o
TPD (umol
Catalyst Seer Pt load (Lmol ¢')
(m*g?) (wt. %) CO CO,
MWCNT-COOH C 241 (225) - ( 1960 952
Pt/MWCNT-COOH 241 4.8+0.1 1448 468
MWCNT-air ( 311 (225) - 1584 312
Pt/MWCNT-air 297 2.1+0.1 1144 244
MWCNT-bm ( 201 (177) . 792 336
Pt/MWCNT-bm 226 2.7+0.1 788 260

NanoSpain2008

No pore blocking, except CNT-air (open)
Oxygenated groups decreases upon Pt grafting
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Pt/CNT catalysts
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Selective hydrogenation of cinnamaldehyde

Difficult since reaction kinetics and thermodynamics bot h favor

hydrogenation of the C=C double bond

-~

H,

\Z CHO
H,

—_—

[CAL]

2H,

@N

[HCAL]

N CHZOH\

Building block in organic synthesis
(perfumery, pharmaceuticals)

H,

@/\/CH ,OH
[HCOL]
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Selective hydrogenation of cinnamaldehyde

Catalysts activation (thermal treatment — 700C N ,)

mmmmmP> E|imination of surface groups (adsorption)

s> Vean NP size (selectivity)
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Selective hydrogenation of cinnamaldehyde

— o — ~no

NP CO+CO, | TOF Selectivity (%), Xca = 50%
Catalyst diam g

(nm) | (HMoVg) | (s7) | COL | HCAL | HCOL
4.8%Pt/MWCNT-COCOH c 5.2 1916 3.6 15 36 18
PYMWCNT-COOH700 8.5 513 21.2 43 24 25
2.1%Pt/MWCNT-air c 9.7 1388 12.1 4 42 11
Pt/MWCNT-air700 17.2 645 7.2 69 14 14
2.7%PYMWCNT-bm 13.5 1048 13.9 19 42 20
Pt/MWCNT-bm700 F18.5 453 10.4 65 18 17

Rate
Linear increase of catalyst activity when the amount of 0

xygenated groups

on the support surface decreases (Pt: 5-13 nm)

Selectivity/Rate

size and CNT morphology

Balance between: the concentration of oxygenated gro ups, the mean particle




CNT activation
affects CNT characteristics suchas S g1, length, C/O ratio...

@ Impact on characteristics of catalyst

[Metal dispersion] [ Adsorption ] [ Dispersibility ]

Impact on catalyst properties @

Activity & Activity & [ Activity ]
Selectivity Selectivity
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