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Abstract : Synthetic reaction of TAME, ETBE, and MTBE compounds used largely for gasoline octane number enhancer to prevent air
pollution was investigated using heteropolyacid catalyst in a fixed bed flow reactor. In the synthetic reaction of TAME, ETBE and MTBE,
after hetero atom being replaced with poly atom, the activity of the catalyst, HiSiW1504 with coordinated bond with W and an hetero
atom of Si was the highest among the catalysts tested. Also the activity depended upon the metals replaced which are related to the
catalyst acidity. FeHPW1204 and KsPMoi:Oy catalysts showed high activity in TAME synthesis, while they were not effective in ETBE
and MTBE synthesis. In this study catalysts showing high activity were selected and mixed with equal weight combination of HiSiW04
and Sr:SiW;:0u ;HSiW1:04 and NaH:PW1:0y ; FersPWi0y and Mg:SiW1:0p ; MgeSiW1:0yp and BaSiW120%. The mixed heteropolyacid
catalysts showed higher TBA conversion rate and better selectivity of ETBE and MTBE than the single catalysts.
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Fig. 1. X-ray diffraction patterns of heteropoly acids.
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Table 1. Catalytic Activities of Heteropoly Acid Catalysts in
TAME, ETBE and MTBE Synthesis Reactions

# 18

DHsPW;,:05
NaH:PW150y
KH:PW1:04
Cs15H1:PW10p
CS3PW12040
FeHPW 504
FersPWi2040
CuHPW 5059
CursPWi0y
AgiPW 0y
2HSiW1:04
Na,;Siw1:040
K Siw 204
Rb,SiW 5,040
CSJSiVV 12040
Mg:SiWp0,
SI‘zSiVVQO.x)
Ba:Siw 2059
AgSiW 20y
Fe;Siw 2040
NiSiW 20y
CusSiW 0y
3)H3PMop0y
K3sPMoy:040
RbzPMoy019
4H,SiMo1:05
5H-Y Zeolite
H-ZSM-5
6ISI0-ALOI3%) | 112 420} ] ) ) I ] ) ]

SiOr-AKO(23%) | 226 | 392

7)Amberlyst-15 9.7
Amberlyst-15(wet) -

Amberlyst XN-1010 | 937

Reaction conditions :
<TAME>  Reaction temperature = 90C,
Molar ratiodMeOH/LA.A) = ]
W/F = 127 gr.-cathr/gr.-mole,

<ETBE> Reaction temperature = 90T,
Molar ratio(EtOH/isobutene) = 15
W/F = 12.7gr.~cathr/gr.-mole,

<MTBE>  Reaction temperature = 90T,

Molar ratio(MeOH/TBA) = 15
W/ = 12.7gr.~cat.hr/gr.-mole,
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Fig. 2. Effect of reaction temperature on TAME synthesis
reaction.
Reaction conditions :
W/F ; 12. 7gr. -cathr/ gr. -mole
Mole ratio(MeOH/LA.A) ; 1
Catalyst weight ; 0.5gr
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Fig. 3. Effect of reaction temperature on MTBE synthesis
reaction.
Reaction conditions :
W/F ; 6. Tg. -cathr/ gr. -mole
Mole ratio(MeOH / TBA) ; 2.5
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Fig. 4. Catalytic activities of HSiWOy supported on Si0,
for MTBE synthesis.
Reaction conditions :
W/F ; 6. Tgr. —cathr/ gr. -mole
Mole ratio(MeOH / TBA) ; 2.5
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Fig. 5. Catalytic activities over heteropoly acid catalysts(10
wt26) supported on SiO.
Reaction conditions :
Molar ratio(MeOH/ TBA) ; 25
W/F ; 6. Tgr. -cathr/ gr. -mole
Catalyst weight ; 05 gr
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Table 2. Conversion and Selectivity of Mixed Heteropoly Acid
Catalysts in the Synthesis of TAME, ETBE and MTBE

EtOE

934 | 552 | 878

Ea®mEa:y

HSiWOp + SrSiW04
HSiWp0p + NaHPWp0y 4.3

FersPWiOp + MgSiW0y ) 9238 J 62.6 ‘ 740 ' 6.6

Mg:SiWeOn + BaSiWuOg [ %9 [ 451 ) 82 ' 47

Reaction Conditions ; The same as in table L.
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Fig. 6. Effect of reaction temperature on ETBE synthesis
reaction over mixed heteropoly acid catalyst.
Reaction conditions :

W/F ; 12. Tgr. -cathr / gr. ~mole
Mole ratio(EtOH/ TBA) ; 1.5
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Fig. 7. Effect of reaction temperature on MTBE synthesis
reaction over mixed heteropoly acid catalysts.
Reaction conditions -

Molar ratiolMeOH/ TBA) ; 1.5
W/F ; 12. 7gr. ~cathr / gr. -mole
Catalyst weight ; 0.5gr
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Fig. 8. Catalystic activities of reaction temperature on ETBE
synthesis reaction over mixed Fe; sPWi:Oy + MgoSiW12040
(1:1) catalyst. Reaction conditions :
W/F ; 12. 7gr. -cat.hr/ gr. -mole
Mole ratio(EtOH/TBA) ; 15
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Nomenclature

TAME : tertiary amyl methyl ether
ETBE : ethyl tertiary butyl ether
MTBE : methyl tertiary butyl ether
TBA  : tert-butyl alcohol

MeOH : methanol

EtOH : ethanol

LAA. : isoamyl alcohol

X . Conversion
S . Selectivity
Ot . terminal oxygen
Ob . bridging oxygen
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