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Effects of MgO and CaO Promoters on Fe-K-Based Catalysts

CHEN Tong™ FAN Qin LIAO Shijie NI Junping MIAO Changxi
Shanghai Research Institute of Petrochemical Technology SINOPEC Shanghai 201208  China

Abstract Fe-K-based catalysts with MgO and CaO as promoters were prepared and their catalytic performance
for dehydrogenation of ethylbenzene to styrene was examined in a fixed-bed reactor. The effects of MgO and
CaO on the catalysts were characterized by means of SEM XRD TPR and Méssbauer spectroscopy. The cata-
lyst activity was improved by the substitution of Mg®>* for Fe** and the formation temperature of the active
precursor K,;Fe); O3 could be decreased owing to the solid solution of magnesium ferrite on the Fe-K-Mg-based
catalyst. The crystallization degree and the selectivity for styrene were improved on the Fe-K-Ca-based catalyst
which was due to the CaO in on the sill-like crystallites of K;Fey,Os4. Furthermore the reduction of Fe? " was
prevented and the structural stability of the catalyst was enhanced by the CaO promoter.
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~1000 C . TPR
101 12 13 Micromeritics AutoChem [I 2920
KyFey Oy 10% H,-90 % Ar
K 50 ml min 10 C min.
K,Fey, 054 14 Méssbauer Wissel
Fe-K MgO  CaO . Pd Co 9.2
1516 % 10% Bq Fe 25 pm
MgO  CaO
2
Fe-K
MgO CaO 2.1 MgO CaO
2
SEM XRD TPR  Méssbauer 80h  FeK
Fe.K 60.0% 93.0% 55.8%
Fe-K Fe-K-
Mg
1 200 h . Fe-
1.1 K-Ca
Fe,0; K,CO; MgO - Fe-K-Mg-Ca
CaO CaO
9 200 h
80 C 3 mm 5~8 mm
800 C 2
Table 2 Catalytic performance of various catalysts for
4 h Fe-K L. dehydrogenation of PhEt to PhCH: CH,
| FeK . /X PhEt S PhCH:CH, Y PhCH:CH,
Catalyst —
Table 1  Chemical composition of Fe-K-based catalysts h % % %
. Chemical composition w % Fe-K 80 60.0 93.0 55.8
Catalyst Fe,0, K,0 MgO Ca0 100 58.1 93.2 4.1
FoK 33 D — — 200 57.3 93.4 53.5
Fe-K-Mg 86 12 2 — Fe-K-Mg 80 65.8 92.4 60.8
Fe-K-Ca 86 12 — 100 65.5 92.5 60.6
Fe-K-Mg-Ca 84 12 2 200 65.0 92.7 60.3
Fe-K-Ca 80 54.0 94.0 50.8
1.2 100 54.1 94.1 50.9
200 54.2 94.3 51.1
¢ 25 Fe-K-Mg-Ca 80 60.1 93.2 56.0
mm 100 ml. 100 60.3 93.4 56.3
m H,O m PhEt =2.0 SV PhEt =1.0h ! ¢ 200 60.3 93.5 56.4
-620 C. Reaction conditions m H,O m PhEt =2.0 SV PhEt
=1.0h ' 0=620T.
1.3
SEM Philips XL301 Fe-K-Mg
XRD Bruker DS Ad- Mg®" 0.065 nm  Fe* 0.064 nm
vance SSS X . Cu K,
40 kV 250 mA 12° min.



449

5 MgO  CaO Fe-K
Fe,O; K,Fey, Oy 1718
Fe-K-Ca Ca®" 0.099 nm Fe,O; K,O
Ca*" Fe-K-Mg
Ca*”* K,Fey, Oy . Fe-
CaO K-Ca K,Fey), O34
Fe-K-Mg
Fe-K-Mg-Ca
. K,Fe)054 Fe-K-Mg Fe-K-Ca
2.2 MgO CaO MgO K, Fey; O3y CaO
1 SEM CaO K, Fey O34
Fe-K MgO
1 SEM
Fig 1 SEM micrographs of various catalysts
a FeeK b Fe-K-Mg ¢ Fe-K-Ca d FeK-Mg-Ca
2.3 MgO CaO0 K,Fe;;0;4 Ca
2 XRD . K,Fern O34 2
Fe-K K,Fey Osy 20 =17.42 20=17.42°  14.88°
14.88 30.02 30.19 31.57 33.81 35.21 3.
37.78 37.92 54.48 62.78 Fe, 05 XRD
20 =24.16 33.28 35.74 40.99 49.50
54.23 62.26 064.18 Fe-K-Mg 3 Fe-K-Mg
K,Fe;;Osy Fe, 04 . Fe-K-Ca K,Fey, Osy
Fe,04 . Fe-K-Mg-Ca Fe-K-Ca
Fe-K-

Fe-K-Mg
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Fig 2 XRD patterns of various catalysts at room temperature
1 FeK 2 FeK-Mg 3 Fe-K-Ca 4 Fe-K-MgCa 3 Méssbauer
Fig 3 Mossbauer spectra of various catalysts
3 Fe-K-Mg Fe-K-Ca K,Fey,0s, 1 Fe-K 2 Fe-K-Mg 3 FeK-Ca 4 Fe-K-Mg-Ca
Table 3 XRD parameters of K,Fe;; 034 in Fe-K-Mg
and Fe-K-Ca catalysts 2.4 MgO CaO K,Fe,,0;,
Peak Catalyst PP ° FWHM °
Peak 1 20=7.42° Fe-K-Mg 7.46 0.147 4 XRD
Fe-K-Ca 7.52 0.118
Peak 2 20=14.88"  Fe-K-Mg 14.92 0.146 Fe-K Fe, 05
Fe-K-Ca 14.96 0.113 850 C K,Fe;; Oy
PP — Peak position FWHM — Full width at half maximum. Mgo 680 C K2 Fezz 034
780 C Fe,O; 800 C
K2F622034 Fe3 * 4 2 23
K2F622034 . CaO 760 c(:
2 . Méssbauer
4 6 3 Kz Fezz 034 780 -~ 850 °(: Kz Fezz 034
' Fe,0 : CaO
Mossbauer . 19~21 S
MgO K, Fey, O;
Méssbauer & S
CaO  MgO
FG—K Fez 03 49 . 7 (%) 3
K,Fe;, O Fe-K-M Fe, O a0 Mg
2 U3y - re-IK-lvig €3
K;Fey; 05
4 K,Fe,, O . Fe-K-C Fe, O
2 e Uz € a €3 Mg2 + Fe3*
0, -K -
13 . 4 A) KzFezz 034 3 . Fe K K2F622 034 )
Mg_Ca Fe_K_Mg ’ 15 MgO Kz Fezz 034
MgO MgFe,0,
K2F622034 CaO KzFezz- FeZO3 Kzo
034 FCZ 03 . . XRD

KZ Fezz 034 . MgFez O4
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Fig 4  In situ XRD patterns of various catalyst precursors at different temperatures
a FeeK b Fe-K-Mg ¢ FeK-Ca d Fe-K-Mg-Ca
1 650C 2 680°C 3 700C 4 720C 5 740TC 6 760°C 7 780°C 8 800C 9 880 T
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F€203 405 C Fig 5 H,-TPR profiles of various catalysts
425 C 1 Fe0; 2 FeK 3 FeK-Mg
| 4 Fe-K-Ca 5 Fe-K-Mg-Ca
Fe3o4—>Fe
. Fe-K-Mg 5~10 C
675 C CaO
Fe- Fe‘pr
KLCa Fe-K-Mg-Ca 9 24
FGQO3 Fe3()4
Ca Fed Fed "



452

29

K . CaO

< 3+
Fe

Fe-K K2F€22034
MgO  CaO

. Mgt

850 C
K;Feyn 054

CaO

Fe*t Fe’*
CaO

XRD

Lee E H. Catal Rev 1973 8 2 285

Pitzer E W. US 2 866 790. 1958

Shibata K Kiyoura T. J Catal 1969 13 1 103
Hirano T. Appl Catal 1986 26 1 2 65
Hirano T. Appl Catal 1986 28 1 2 119

O’ Hara F J. US 3904 552. 1975

Hirano T. Appl Catal 1986 26 1 2 81

0w N N R W N =

Catal 1988 40 1 2 247

9  Muhler M Schiitze ] Wesemann M Rayment T Dent

Mihajlova A Andreev A Shopov D Dimitrova R. Appl

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

A Schlogl R Ertl G. J Catal 1990 126 2 339
Muhler M Schloégl R Ertl G. J Catal 1992 138 2
413

Kotarba A Rozek W Serafin I Sojka Z. J Catal 2007
247 2 238

Watson ] M Crabbe D Coursen T S Jr. US 4 963 343.
1990

Watson ] M Crabbe D Coursen T S Jr. US 4 975 267.
1990

Joseph Y Ketteler G Kuhrs C Ranke W Weiss W
Schlégl R. Phys Chem Chem Phys 2001 3 18 4141

Zhu Y X Lei DB Dai Sh] Shen R F. J
1994 33 Suppl 180

. Zhu Y X Feng
L Chen R Q. Chin J Chem Phys 1999 12 4 491

Ito S Kurosawa H Akashi K Michiue Y Watanabe M.
Solid State Ionics 1996 86-88 Part 2 745

Ito S Washio M Makino I Koura N Akashi K. Solid
State Ionics 1996 86-88 Part 2 1005

Yang X Weng S Jiang K Mao L Euang Y Jing K.
Hyper fine Interact 1991 69 1-4 863

Jiang K'Y Yang X L Wu Z. Hyperfine Interact 1993

77 12 67

Jiang K Yang J] Hu B Yang X Mao L Yuan Y
Zhang G. Hyperfine Interact 1998 111 1-4 45

Xiamen Univ  Natur Sci

Zhu YX HuY X DaiSh] HeDY
Zheng Z M Yu ] L. J Chin Rare Earth Soc 1994 12
2 129
Reymond J P Meriaudeau P Teichner S J. J Catal
1982 75 1 39
Lundin J Holmlid L Menon P G Nyborg L. Ind Eng
Chem Res 1993 32 11 2500



