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Cu-Supported on Fe-Pillared Sepiolite: Characterization and Selective
Catalytic Reduction (SCR) of NO by Propene
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Abstract: Fe pillared sepiolite (Fe-PILSEP) was prepared by the intercalation of polymerization of iron hydroxyl ions
with sepiolite and then calcining at 450 “C. Cu supported on Fe-PILSEP catalysts (xCu/Fe-PILSEP (x=5, 10, 15,
20wt%)) with different copper loadings were prepared by impregnation method. xCu/Fe-PILSEP were characterized
by X-ray diffraction (XRD), X-ray fluorescence spectrometry (XRF), Np-sorption analysis, H,-Temperature-
programmed reduction (TPR), X-ray photoelectron spectroscopy (XPS) techniques and their catalytic performance for
the selective catalytic reduction (SCR) of NO by propene were also studied. The results of Np-desorption/adsorption
and TGA show that due to pillaring, there is a distinctively increase of Fe-PILSEP in surface area, pore volume and
thermal stability. XRD and XPS results verify that Fe**/Fe** and Cu*/Cu®* are co-existed, respectively, over xCu/Fe-
PILSEP catalyst and there is some strong interaction among Cu, Fe and sepiolite support. H-TPR results show that
there are isolated Cu** and oxygenated clusters CuO species and the amount of latter increases with copper loading.
The xCu/Fe-PILSEP samples display significant activity in the NO reduction with a maximum for a Cu content close
to 10wt% . A decay of catalytic activity is observed with the increase of copper loading, due to the increase of

oxygenated clusters CuO species.
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Table 1 Main components of pillared acid-modified sepiolite

Compound Name Si0, MgO ALO; Fe,04 Na,O CaO CuO
Sepiolite 1.00 0.28 0.10 0.005 0.002 0.14 -
Fe-PILSEP 1.00 0.06 0.09 0.17 0.001 0.0004 -

15Cu/Fe-PILSEP 1.00 0.06 0.09 0.17 - 0.0002 0.23
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m?- g™ HREE 3 A% B FLARFR AR GFL AR FR 53 51
0.288 6 cm’-g™ F10.023 5 cm® g™, MW" Sep AL
BULF RE | R G SR L R 5, f 2
J& , He R AR AL AR ] | B A A R,
P T AR A AL AR R R kb | K AT RE T BE A A B
AR CuO 5y & AEBSS I ABIRALIER Cu0 5
SR IEALIE (AR Y bR T R ALK B R

x2 HEBRUUEBEALRERREALRE

Table 2 Specific surface area of pillared acid-modified sepiolite

Specific surface area /

Pore volume /

Micropore surface area / Micropore volume /

Sample (m*-g™) (em’-g™) (m?-g™) (cm’-g™)
Sep 58 0.2046 - -
Fe-PILSEP 157 0.2886 524 0.0235
5Cu/Fe-PILSEP 143 0.2863 448 0.01902
10Cu/Fe-PILSEP 139 0.2629 38.1 0.01632
15Cu/Fe-PILSEP 97 0.2514 372 0.0086
20Cu/Fe-PILSEP 89 0.1871 28.0 0.01175
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Fig.5 Schematic model of hydrolysis and polymerized
products of Fe(ll) salts
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Fig.6  Fe2p XPS spectra of Fe-PILSEP and
Cu/Fe-PILSEP



108 b | R A S S 4 %28 &

1 15Cu/Fe-PILSEP 2K U3, [RI A%t 1 3L 1 X B Fe2* Al
Fe* 1 4 > FUEFT 2 DA Cu-Fe/Sep Ff i H Fe
Fl Fe ) Fe2pyn 454 BE LLEAK Fe/Sep ' Fe* Fl Fer
) Fe2psp 5B HE (709.3 Al 711.4 eV) HiI T 0.20~
0.30 eV, X T Fe AEF I A 17128 Cu £ 4 (SCu/Fe-
PILSEP Fl 15Cu/Fe-PILSEP), H Fe** #l Fe* ) Fe2ps,
454 BB FL 34K Fe-PILSEP ' Fe** Ml Fe** (1) Fe2ps, 45
4 AE (709.5 F1 711.6 eV) 43 Al ¥4 17 0.40
0.50 eV, LA B4 REH] | 71850 J5 | Cu-Fe/Sep 1 Cu/
Fe-PILSEP ¥ ity 1 Fe L% B2 ¥ B8R A Prisi b,
MZEARETR , Cu/Fe-PILSEP W' Fe2p 455 BE L Cu-Fe/
Sep H' Fe2p &G RN T L | W Cu/Fe-
PILSEP "' Fe MY HL 1% LU/ £

Kl 7 A Cu/Sep.Cu-Fe/Sep .5Cu/Fe-PILSEP Al
15Cu/Fe-PILSEP ¥ it Cu2p 19 XPS 3% &, i 43
Vg BN 931.5~932.4 €V 950.5~951.4 eV Fl
933.1~933.7 €V ,952.1~952.7 eV Btilt 2K 4 4~ U |
JITE 942.5 eV I abHR 1 B JH 1 (Shake-up) , # 4
SRR T U XS N Cutf Cu2ps, Zill Cu2p 2t A e s
J& PRI R Cu i Cu2ps, Il Cu2p, MIES TR, JB IE
B, i — DA R S TP AR AE Cu®, B DL R
T E B A FE Cut il Cu* I AE N B+, X5 XRD
5 —5, 7151, Cu/Fe-PILSEP Fll Cu-Fe/Sep ¥ i
Cu2p &5 18,5 CulSep M Cu2py, 4 A fiB(Cu'=932.4
eV Fil Cu*=933.7 eV)HH LL , 73 5l T i #8 £9 0.7~0.9 i
0.4 £4i, #W Cu/Fe-PILSEP 1 Cu-Fe/Sep #F i th
Cu L FHER R, GG REEE 7T LU |, Cu/Fe-
PILSEP ¥ it Cu2p 45 & BEAL RS IR FE K T Cu-Fe/
Sep Feiit, KW Cu/Fe-PILSEP ' Cu ¥ HL % JE 1%
i % HE W E Cu/Fe-PILSEP 1 Cu-Fe/Sep
Fe2p 9 XPS 45 G AR W] Fe I ML %5 BETE WD | 25

: Satellite of Cu2- ;
; 951.1 ﬁw
\,/N\’I‘N, = = - 3

Intensity (a.u.)

- T - T T - T T T - T T T
932 936 940 944 948 952 956 960 964
Binding energy / eV

a: Cu/Sep; b: Cu-Fe/Sep (fresh); c: Cu-Fe/Sep (used); d: 5Cu/Fe-
PILSEP (fresh); e: 5Cu/Fe-PILSEP (used); f: 15Cu/Fe-PILSEP

€l 7 Fe-PILSEP Il Cu/Fe-PILSEP 1 Cu2p XPS % 4]
Fig.7 Cu2p XPS spectra of Fe-PILSEP and
Cu/Fe-PILSEP
4 Cu Fl Fe By XPS 4521, AT LI i Cu/Fe-PILSEP
Hl Cu-Fe/Sep #ih HAFTE Fe ) ML - 1] Cu if % &t
i, B Fe Al Cu Z [ A7 7EAH AR, 1T HNALFS K
/NATLLE i, Cu/Fe-PILSEP ' Cu Fil Fe 37 % i £ Lt
Cu-Fe/Sep 1 AYSE A, BB ATTAH EL AR HTBE 9, X T K5
- 138 4 2 1R LT B R AR X 0, 5 Li
SO 5 45 B — B0 AT ERFIY Fe A £ 500+ 171 2K
Au FERE , WA Fe A1 Au Z BIFFAE T BT 55
FIAR ELAE T, SCHRP20A R 32 48010 0 04 A8 B A T 5
EARE N d B FEEAYZRER, R d BT
RE R HENLRE 380 Bl Te il Te 43 Cu-Fe/Sep
F1 5Cu/Fe-PILSEP ¥ it KI5 1Y Cu2p XPS 5 El 45
R L] Cu-Fe/Sep Fl 5Cu/Fe-PILSEP ¥ it JZ I &
Culpsp 456 B85 LU 2 AT 1Y 25 & e 43 i i B 2
0.3~0.4 2245, 1 H Cu*/Cu® & Ho ) 5 v J& Lo s i
HIFE LS 35N (3R 3), R Cu-Fe/Sep Fl 5Cu/Fe-

#3 CuEENFIRE Culp M Fe2p & & 8K Fe/Fe*Hl Cu?/Cu¥ R EM L

Table 3 Binding energies of surface elements and Fe*/Fe* and Cu*/Cu* molar ratios of the Cu-based catalysts

Fe2p / eV Cu2p / eV
Sample Fe*/Fe* Cu'/Cu*
Fe* Fe* Cu* Cu*

Fe/Sep 709.3 711.4 0.40 - - -
Cu/Sep - - - 932.4 933.7 0.39

Fe-PILSEP 709.5 711.6 0.59 - - -
Cu-Fe/Sep(fresh) 709.5 711.7 0.55 932.0 933.5 0.35
Cu-Fe/Sep(used) - - - 931.8 933.2 0.39
5Cu/Fe-PILSEP(fresh) 709.9 712.0 0.56 931.7 933.4 0.35
5Cu/Fe-PILSEP(used) - - - 931.4 933.0 0.40
15Cu/Fe-PILSEP 710.0 712.1 0.52 931.5 933.1 0.36
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Table 4 H,-TPR results of Cu-based catalysts
Temperature / °C Hydrogen consumed / (mmol -g™,)
Sample (Cu0)J/(Cu™);
Peak1 Peak2 Peak3 Peak1 Peak2 Peak3
Fe/Sep 337 411 485 0.559 0.901 0.248 —
Fe-PILSEP 387 632 825 0.866 0.260 0.413 —
Cu/Sep 210 270 480 0.193 0.077 0.028 2.50
Cu-Fe/Sep 170 210 280 0.168 0.090 0.016 1.87
5Cu/Fe-PILSEP 165 220 — 0.057 0.096 — 0.59
10Cu/Fe-PILSEP 160 200 — 0.109 0.178 — 0.61
15Cu/Fe-PILSEP 180 — — 0.435 — — o
20Cu/Fe-PILSEP 190 — — 0.607 — — o
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