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ABSTRACT. FAPO-5 molecular sieves were synthesized starting from the same reactant gel at 170 °C using micro-
wave irradiation technique and conventional hydrothermal reaction. The FAPO-5 molecular sieves were characterized by
several techniques such as SEM, FTIR, UV/Vis, and ESR. Moreover, the oxidation of styrene over FAPO-5s was carried
out, and compared to check the oxidation and epoxidation ability of the two FAPO-5s. FAPO-5 can be obtained easily by
microwave irradiation within 15 min at 170 °C, whereas FAPO-5 synthesis is completed in 6 h by conventional electric heat-
ing, confirming the acceleration about 20 times by microwave technique. There are no appreciable differences between two
FAPO-5s in surface area and coordination state of iron. The FAPO-5 synthesized by microwave irradiation shows higher
epoxide selectivity in the styrene epoxidation, which may be explained by the higher hydrophobicity of the catalyst.

Keywords: FAPO-5, Microwaves, Synthesis, Epoxidation

M E Fr T e E A o] B AR (MeAPO-n)2] 4

54 A7k vl e AR ol2e A

19801 ef) Zibel] FFu] e E A o] E RARA (AIPO,- ol 552 T3 EXAIE & A9 5l £Ake Aol
nol A8 ol F HFst Aoladel A&E 2&5F w5, AT AT 7] SoE AbEER] SHE 2



54

oAF -
et oefst St AREI ekt 53] He] F
Aol 235 EAA = WALz A wg A%}
AU DeNO’ W AbZ} HEg- Fuj''R o] &5 &
chefst SE8AE MR ol Bhoket R e EA
o] E ExHA| F Al Lefol E I = AFIZE Lzl
12709] TYUALZ o] FoiA HFE 2 AIPO-5,
MeAPO-5& vl -2 77} deA 3o Hol
£°]7F FAPO-5'31¢] 7ol = gofst A7) X1
= uk sl

g, AF7HA 3 A R ey
(hydrothermal) ¥F-§-* o]2}3 Be]= upio=z F <t
Hukg 7o MRS W2 F AV E o] &3 7=
doiz]lom FHZollx= mlo] 22 I (microwave)E A=
+ glo= o] gsla} g A=) Bl HaL gleh e
ol 2|8t nlo] AR IS o] L8t A2 whE AA 38
AR mofo| FYAN T ohekat EA A S
ZHAI I gl F el ol Egl 7| AA Bk
A2 20| wl|§- fo|3l3 JHEH o2 EqhAd A4S
Aeld o A& 4 glEPPe| el vl it =3t
whE wk-g- 54 o] &3led Wi Ao vk
28] E3E =47 #AE = YT

22y} FAPO-59] wlelzz s}l A2 vjwd &
& A ¢kt 53] IAE FAPO-59] ApA| g
B4 A7 A L84l vl gloh 2 dFeM =
FAPO-55 44 uF&-3 mlo|azsl ALz Ax
3R deofRl EARA Y EAE v B4
vhelrt o] st FulE AbsE ubgol S8 4 9lS
AE A=A

=

o

al

P

8
g
FAPO-5%-A}A4 &= Q1AL 4= of|n}o] E. tri-ethylamine

(TEA), FeClr4H,0 Y ghe] 22 E] whEoi3l ALO::
1.05P,05:0.04Fe0:1.2TEA:50H,0 A4 2] AL 170°C
oA AA T A 7E 7t ste] dejF ek 7bd Wb
ubA ¢l 4= ¥bs (Conventional electric heating: CE)
9 wlo] =z 23} 719 (Microwave heating: MW) 22 4=
AL 247t 324417 9 8-60-27F HESAIH . wh
o]z R golH 9 E(Mars-5. CEM)S o] 43 Al
o2 el AA ] 7]EE ] ek vk F WA
e E o] 83fe] a1 FelE ARl ke B2 A

fi

3t F 100 °ColM Azl AES] &2
o]zl Ao FA 9 oA dE FAF vwsle] T3l
XRD 7= E2o|1 3% E3 3 EH 7]
£ TGAE |83l BAs Fdh. 54 a7+ &

=
A ez pFsia vy 2 FEARE 4
A= 550°Cel A 10~ 7F A8k F3EZ(TEA)
< AAsIA ek

E4 7

o]zl FAPO-59] ZAA F-F+= XRD(Rigaku, D/MAX
B, CuK, radiation)Z 2}Ql3}dc}. AlP:Fe 59 3}
83 A E-2 ICP(Jovin Yvon Ultima-C)& £-A3}9 11
A3 EAS B243)17] 93] Micromeritics2] ASAP2400
BET AA| 5 &-83le] -196°Coll A 2] Ao Fe3
ToAS A 7= E F A4S EAs] Sl
FTIR(Nicolet, MAGNA IR 560) 2! UV/Vis spectropho-
tometer(Shimadzu, UV-2501PC)E ©]-£-3}<ich. FTIR
< KBr& 41> F d2l oz vhse] 431903 uv/
Vis-DRSE H3 Mo AL o] 83lo] dsiet. o] »
A A S 2417 $181A4= ESR(Bruker ESP 300)
AAE Ggate] Aol FAsGH. S A7
o & 3 A whgel L3 AEE s W
B¢} Folom ZHzb A|&& FAPO-5-MW ¥ FAPO-5-
CEZ 37)3}g

S MY

2ElEl o FA) 3} ukSAl gl 37 48 vie Feka
35 83t W7 AeelA e vk
ol = WY2p7], LEA 9 AMmEE A A
7] A = 2AVE o] 43t HE 2 F A4
slach uhs-Eel ~E]d sml §v) oA EUEH
18ml ¥ vl 350 mge FAlell W7ol 71at ¥ 5
$-3}e] W5 60 °Cell =3P AL (30%)
5 dAlol| 718le] HRE-E Al FFsld ok HAsEA A~
el ] E0]= /10198 vk F AN ES U4 F
AlRA] FE 2 324 4RSS d=d F FID HE7)7)

2 GC(Acme 50005 ©]-8-3ke] AAE 9 2E]=)

& EAs AHS-E A2 DB-wax 912m &
Az

N 27 A&7 £X 230°C, FYUT 2E 200°C,
AY 2k T2 a2 125°ClA 175°C7HA] #3
10°C & &3} BA15)9] 3L o-dichlorobenzened W
F E2F BAE AMgsldoh

Journal of the Korean Chemical Society



ulo]z1 23} 7)ol 28k FAPO-5 #2139 §A4 % 54 24 55

21 % £9f

FAPO-5 9] &M

FApA o] FAg& 2, Tt A o] FolX|u] mie}
Al AAgE A A7 BAE gk FAPO-52] 7%
= A A d7E A9 48A A 4
Fig. 194 B n}e} 7ro] FAPO-5:= £l &
2ol MWEA] O oAM= EAAQ AFI +ZR12E
ZHe o] dejils o 4 itk §A A2t et
XRD 727} F7kelvt wpel 229} 9l = Ao A
¢ 7—}7—} 153 9 347 o] 3] uhgel| M= 7| 2] YA

Fe o 4 gioh e vt AekE Belew vt

(A)
(d)
“‘ (c)
ji\.._,_,/\._,f\v..”)w | {l Y N (b)
(a)
5 0 15 20 25 30 35 40

Two theta (degree)

olzzsh 9 4 GOl AS A7 15 D 6AIT
o) ] Whg ol M ) AT o 4 3l (Table 1),

A\ Zbel W 45 W3S (Fig. 2) M vho] =23}
o} o] Ao A FAS g 27} T A3 4
£& Woln ujo|2ze] A4 YubHel S A
o wla) optholubu} o] FEE o 4 lont 2
xlo] = olyw] Al ¥l o] u}E & XJo]:= §HAlS)
WA S o] BEE % AN

FAPO-5 2| &4 47

Table 19| 4] 21 FAPO-5= 324 o] o 2F 300-330
mYgl 2 A3 Al AFl FX22] AIPO-5, SAPO-5 5

B)

(d)
| ©
ﬂ
_",/ N, /U}\)wwwww (b)

C)

5 10 15 20 25 30 35 40

Two theta (degree)

Fig. 1. XRD patterns of FAPO-5 molecular sieves synthesized at 170°C from same reactant gel (ALO;:1.05P,0s:
0.04FeO:1.2TEA:50H,0, pH=3.6) in various conditions: (A) microwave crystallization for (a) 8 min, (b) 15 min (c¢) 30 min, and
(d) 60 min; (B) conventional electrical crystallization for (a) 3h, (b) 6h (c) 12h, and (d) 24h.

Table 1. Reaction condition® and results for the synthesis of FAPO-5 molecular sieves.

Reaction condition Reaction result

Sample Heating Time pH of product Yield Composition Sger

name Method ® (min) gel (%) (Al: P : Fe, atom%) (m?g)
A MW 8 6.3 56 ND¢ 310
B MW 15 7.6 76 48.1:50.7:12 330
C MW 30 7.6 71 ND 320
D MW 60 7.6 72 47.1:51.6:13 330
E CE 180 6.6 42 ND 290
F CE 360 6.8 61 47.0:51.8:12 330
G CE 720 6.8 60 ND 320
H CE 1440 7.5 60 49.1:49.8:1.1 330

Crystallization temperature was 170 °C; composition of reactant was ALO;:1.05P,0s5:0.04FeO:1.2TEA:50H,0 (initial pH = 3.5)

°CE: conventional electric heating MW: microwave heating
°Yield (%): product weight / expected weight x 100
dND: not determined

2006, Vol. 50, No. 1



56 o) % - A3} -

Time / min
0 15 30 45 60 75
100 —— T
(a)
754 /O\o ’ o
] A NA———A
X o
< 50 / | ®
e
] [ A
>
25
A
0 T T g T g T T T g
0 6 12 18 24 30
Time / hour

Fig. 2. Change of crystallization yield of FAPO-5 molecular
sieves with synthesis time and method: (a) with microwave
irradiation; (b) with conventional electric heating.
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Fig. 3. FI-IR spectra of as-synthesized FAPO-5 molar sieves:
(a) FAPO-5-MW; (b) FAPO-5-CE.
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Fig. 4. UV-VIS DRS spectra of as-synthesized FAPO-5 molar
sieves: (a) FAPO-5-MW; (b) FAPO-5-CE.
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Fig 5. Electron spin resonance spectra of as-synthesized FAPO-
5 molar sieves: (a) FAPO-5-MW; (b) FAPO-5-CE.
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Table 2. Oxidation of styrene over FAPO-5.?
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Catalyst Conversion Selectivity (%)
(%) Benzaldehyde Styrene oxide Phenylacetaldehyde 1-Phenyl-1,2-Ethanediol
FAPO-5-MW 12.0 70.1 20.5 7.6 1.0
FAPO-5-CE 115 76.3 173 438

*Reaction conditions are time: 8h; temperature: 60 °C; styrene: 5 ml; acetonitrile: 18 ml; catalyst weight: 350 mg; hydrogen per-

oxide/substrate molar ratio: 3/1 (mol/mol)
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Scheme 1. Reaction pathway of styrene epoxidation and oxidation.
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