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() Clinoptilolitetreatment using ¢, () Preparation of ceria solution
| Treatmentagent Support P Medprecursos
‘ HCL solution ~ Natural zeolite: [Cerium precursor: Ce(NO3)3.6HZO]
(12 m) Clinoptilolite: CLT (NT) |:: ¥
| . [ 0.1M Ce(NO),.6H,0 solution |

[Mixing at aratio of acid/zeolite =10 (ml/g)]

Precipitation: Dropwise simultaneous addition of Ce(NO;),.6H,0
ag. solution and NH; ag. solution to clinoptilolite ag. solution
over aperiod of 30 min until pH =9 to get white/yellowish
Precipitate of ceria over clinoptilolite: Clinoptilolite-CeO,(30 wt%)

Aging for 1h

| Filtration and washing with distilled water |

[ Heating at 80°C for 8 h

[Separati on using centrifugal Q/stem]

[ Washing with deionized water until pH=7]

[ Drying at 110°C for 24 h under air flow ]

[Dryi ng at 110°C for 12 h under air row]

| Calcination a 500°C for 5 h under air flow |

v

|Calcination at 500°C for 3 h under air flow]
Treated support:
HCL treated clinoptilolite: CLT [ Support: Clinoptilolite-CeO,(30 wt%) (CLT—CeOZ)]

--------------------------------------------------------- () Precipitation of CeO,
Manganese precursor over clinoptilolite

Mn(NO,),.4H,0

| Manganese(l1) nitrate tetrahydrate agueous solution | Support:
Clinoptilolite-CeO,
Ultrasound assisted dispersion of (CLT-CeO,)
Mn (5, 10, 15 wt%) on support: 90 W for 30 min

[ Drying at 110°C for 14 h under air flow ]

[ Calcination at 500°C for 5 h under air flow l

Nanocatalyst shaping: Mn/Clinoptilolite-CeO,
Mn(5%)/CLT-CeO, (U)
Mn(10%)/CLT-CeO, (U)
Mn(15%)/CLT-CeO, (U)

() Addition of Mn to support using ultrasound ener gy
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RV-02 ~ PI-02 RV-04
—>>F> Vent € ) — > Vent
w T A 5
PRV-02 NRV-02 V-04 V-07
GCS-01
RV-03 PO 3WV-01
—>»Df>Vent V-02 ® &
! »T
® A
Toluene
RV-01 P to reactor
— »>F> Vent 4969’

6
V-03 Air+ Toluene Air+Toluene to GC

Notations:
C: Cylinder
GC: Gas Chromatography
GCS: Gas Collector System
MFC: Mass Flow Controller e !

Reactor
outlet

Reactor
inlet

MFM: Mass Flow Meter | I
NRV: Non-return Valve ! | [
NV:  Needle Valve ! !

Pl:  Pressure Indicator 3? 3? 3% 3?
PRV: Pressure Regulator Valve
=

Pure air .
|
|
|
R: ) Reactor A A A
Air Air Ai RV:  Relief Valve | < || Controlied
TI: Temperature Indicator | | [power supply|
X Air| |N2| [H2
TIC: Temperature Indicator & Controller | .
Vi Valve == 4\ oo O®
3WV: 3-Way Valve = - = >ee = 9 0

i
C-01-02 C-03 €04 C-05 C06 C-07 Micro-reactor
3 oPele Bas jo coliwl s condigigw (s19) 4 (b MN/Clinoptilolite-CeOr canad il gl o Sloe oL 5, ailolw -Y JSCo
gl gy 41 03911 (slgn

Electrical heating
system with
temperature
controller
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Intensity (a.u.)
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