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Abstract— Catalytic properties of mordenite-supported iron catalysts prepared by various methods were charac-
terized by means of several measurement techniques such as CO chemisorption, oxygen titration, Méssbauer spectro-
scopy (MES) and Electron spin resonance(ESR). Based on the characterization results, catalytic activity and selectivity
toward olefin in the CO hydrogenation reaction were explained. Iron-loaded mordenites showed various forms of iron
particles upon reduction; a-Fe;03, superparamagnetic oxide, ion-exchanged Fe+2, and Fe®. The reduced iron came
mostly from a-Fe;Os, and from superparamagnetic oxide in minor amount. Iron on Na-mordenite showed higher
olefin selectivity than that on HM because of higher dispersion of iron particles and less hydrogen-donating acidic site
on NaM. Small amount of platinum added to iron enhanced both the production and reduction of superparamagnetic
oxide particles. Olefin selectivity in the CO hydrogenation increased in the order of Fe/HM <Fe/Si0; <Fe/NaM <P/
Fe/NaM. Vapor deposition of silicon on the external surface of Fe/NaM also increased the olefin selectivity.
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Fig. 1. Experimental system for activity and selec-
tivity measurements,
1. Mass flow controller, 2. Deoxo trap, 3. SiO,
trap, 4. $i05 column, 5. Pyrex reactor.
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Fig. 2. CO adsorption isotherms for iron-mordenit-
es:
O @;25Fe/HM, & a;2.5Fe/NaM, 0 ®; HM
& @ ; NaM, open keys; total adsorption iso-
therms, closed keys; reversible isotherms meas-
ured after evacuation for 10 min.

Table 1. Chemisorption and oxygen titration data
for iron catalysts

2.5 2.5 10 2.5
Catalyst Fe/HM Fe/NaM Fe/NaM Fe/SiO,
Cou) 103 ND ND 45
COlir) 40 ND ND 38
(2 mole/g cat)
CO(iryCO(t) 0.4 - — 0.8
d[CO(t)], (nm) 3.7 ND ND 15.1
d(XRD) (nm) ND ND 28
Reduction (%) 32 140 —_ 82

ND: can not be determined

CO(t): the amount chemisorbed irreversibly plus rever-
sibly

CO(ir): irreversible CO

d(XRD): based on X-ray line broadening
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Fig. 3. The room-temperature Mosshauer spectra
of 2.5Fe/NaM after a) O, 450°C, 5hr, b) H,,
450°C, 15hr.

1) a-Fe,0g; 2) superparamagnetic oxide & Fe +3;
3) Fe®; 4) Fe*2; 5) superparamagnetic oxide.

o] &5 3 gle{11],

Fig.32 25Fe/NaM o] Akst =l 2ol st
Mossbauer spectra & WERJ Zolel, Atsialejol &
o] Fig.3(a)ollx] x& ulel 7o} six-line pattern
3} spectrum Foti-Hol YeltE doublet peak 7}
Z3s]o] vl Six-line pattern & isomer shift ¢}
quadrupole splitting & 77+ (.34, —0.10 mm/sec ©|
of, °o|& a-Fe,0,& vehde sle|s{12], zela
central doublet o] o8} Kundig[13]+ Fe/SiO, %
eiaboll4]l 10nm elshe] ZAbxi4 AF8HE (superpar-
amagnetic oxide)oll €3 sjaetn sjdsiglor], of
21gk 2= Lin[12]e] 28] Fe/Y zeolite oll4]x 2t
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parameter o4 Fer®o]23} FALEL7] wjfel] a4t
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Fig. 4. ESR spectra of 2.5F¢/NaM measured at
different temperatures after 0,, 450°C,
5hr.
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Al (g=2.3), (i) o] &mZ3T & Ax siteol U=
5

oit}14), e} 2 AollM 433 NaM & APA
Hell 500CelM 5472F £MdAZ e, olF #AHE
ESR o4& ol2lgt signal & A3 & + ¢l
Aelx] Zofj= A3l & Fig 4ol 2e upeh 3ol
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o] obsl Az dolle vlaixle]l AR ALSHE
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Fig. 5. The room-temperature Mossbauer spectra
of 10Fe/NaM after a) 0,, 450°C, 5hr, b) H,,
450°C, 15hr.

1) a-Fe,03; 2) superparamagnetic oxide and

Fe+3; 3) Fe° ; 4) Fe+3; 5) superparamagnetic
oxide.
o] 10Fe/NaM o4& ez e vl, zle]do]

ehar sl Absh ol ghelabelolld] 7 A¥-o] Iz WX
8)7} ch=rha ks Hejrh,

7k7ko] ZofjEof tE MES 9| #4752 58 of
2] 7ixlo] HAldol el HadH-S Zzuld] 27|
A)7] (hypefine field strength)2} &4 Table 2] t}
ehfjeict,  Table 204 4F3h Abshe
(superparamagnetic oxide ; S.0.)# Fe*3c]2-2]
peak 7} FAle] =lo] 0374 & A el e
AgetolEol o] 2w 3s] Fet?o]-22 Fertol&3} 7P°5
ez gsadol Asapl gel1r], olzad
o} 3Hel & upepyl Fet?o]2-2 5.5 Fetio]2olA] &
A%l Zoz AT 5 Yut, debd 24 AR
7} FetolZ2] £ peak ¢ “4"4"*]*1 24l 5 Fet?o]
2o wHE wldd ASE 3 A" 24 A
or] 1 Zhe ”éE—i L5 gloll FAH
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Table 2. Mossbauer spectral parameters of iron-

mordenites
Iron H* Relative
Catalysts state (KOe) area
2.5Fe/HM
1) oxidized @-Fe,04 450 0.49**
S.0. and Fe+3 0.51(0.16)
2) reduced Fe® 318 0.32
Fe+2 0.35
S.0. 0.16
a-Fe,04 438 0.17
2.5Fe/NaM
1) oxidized a-Fey,O3 480 0.38
S.0. and Fe+3 0.62(0.38)
2) reduced Fe® 280 0.37
Fe+2 0.24
S.0. 0.28
a-Fe,03 475 0.11
10Fe/NaM
1) oxidized a-Fe,04 440 0.73
S.0. and Fe+3 0.27(0.14)
2) reduced Fe® 318 0.71
Fe+2 0.13
S.0. 0.08
a-Fe 0 425 0.08
0.03Pt/2.5Fe/NaM
1) oxidized a-Fe,03 440 0.16
S.0. and Fe+3 0.84(0.68)
2) reduced Fe® 318 0.69
Fe*? 0.16
S.0. 0.11
a-Fe,0, 425 0.04

S.0.: superparamagnetic oxide

* :internal hyperfine field
**: relative area of S.0. alone

MES ol viehit #]39] wizlo] Fadgel] wlelghet=

A atol[18] %
Aol 24 P8

Table 3ol el
(hyperfine field strength ; H)+

Fob ehe 4SS Absh- A w0
sh @) s

7;:! ] d-‘Fez()ag’}'
AR S F ol Aoz of so] asiE
# Table 29 AszHe A4 F lev His

L T4.0
~ T

R B S 2o I 4 Bt X I g
izbb 2

8 z2hasle Zleg oeA] glew[15,18,19] Ax
Z jronfoil® HE 9% HEo HzEoh I &

330 KOe sitt,
Table 3oll4 2 Z

=28k (2.5% Fe)oll4] =i

vl E7} H¥ollA Nadeo® uldAl == H gkl 3
o]x]E ZAeg dol HMErhHs NaMold #3izlel
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Table 3. Fraction of the iron reduced from
a-Fe,0, and superparamagnetic oxide by
Maossbauer spectral area

Catalysts a-Fe;04%) S.0.(%) H(KOe) % reduced

2.5Fe/HM 100 0 318 32

2.5Fe/NaM 73 27 280 37

10Fe/NaM 92 8 318 71

0.03Pt/2.5Fe/ 17 83 318 69
NaM

S.0.: superparamagnetic oxide

2zt & RAE & 471 9ot ol 25Fe/HM
oA TE Fe7l dxtz2717F 2 a-Fe, 05004 345
o1}t 25Fe/NaM 2 Fe' £ 73%=t a-Fe, 05004
AT ol 27%E wIAAe] 2 AR
2o BelHels] ez Audeh, aei o ol
M NaMol EAlske A4 4isHEe] HM oA
weh o 2 Ple] Fx A ek shtel
o A SolS AlLale|Eof whx|Alo] HM
NaMoll4l ol &xgtsl s Ao] Hehe] Aol el sl 24
A 4 9}, o|emit HMelAE Ax 23sl +
4o]8 8ol Zollx] HNO,E At A= o ALk
-39 2le] H,09F NO&Z #allsle] ~|3s) w&
4 glo1}, NaMollxlel Naol2g 7Zz/4sishle
2 7188 4o glemg Algelele o] Nato]lZe
2 adz g Ao

Fe NO,),+3H* -~M=Fe*’~M+3HNO, (1)
Fe (NO,),+3Na*~M=Fe**~M+3Na*+3NOy

(2)
webs Ziz /* ﬂiﬂﬂﬂwo‘m Natol€e| 57} ¥
olxw o] em3ke M} A mghs] o]

Fe**—M-+3Na*—3Na* - M +Fe*’ (3)
2Fe**+3/20;% -»Fe, 0, (4)

(M=mordenite)
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Table 4. Activities and selectivities of iron/mordenites for CO hydrogenation at 0.09% CO conversion

Selectivity, 8 Olefin/
Catalysts N(©), a paraffin
4

x 10 C] Cg C3 C4 C'; rati0,7
2.5Fe/HM 2.60 31 16.8 33 18.5 0.7 0.2
2.5Fe/NaM 2.20 24 25.0 27.4 15.1 8.5 4.7
10Fe/NaM 0.60 23 29.0 23.0 13.5 12.0 3.8
Pt/2.5Fe/NaM 5.70 28 26.0 24.0 14.0 8.0 5.4
2.5Fe/Si0, 2.90 19 22.0 28.3 16.7 14.0 3.8
2.5Fe/NaM-Si 1.80 22 24.5 24.9 16.6 12.0 6.8
10Fe/NaM-Si 0.01 20 24.4 26.5 15.1 14.0 6.3

a: Activity based on the reduced iron measured by Mdssbauer spectroscopy, (mole CO/mole Fe sec)

g: Ci/ZCi
7: Co-C4 fraction
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Table 5. Atomic concentration () measured by

ESCA
2.5 Fe/NaM 2.5Fe/NaM-Si
Na(ls) 6.67 5.81
Fe(2p) 3.10 2.80
O (1s) 59.05 59.49
C (1s) 8.07 8.77
Si(2p) 19.42 20.02
Al(2p) 3.68 3.11
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