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Abstract: Synthesis of ETBE as an octane number enhancer from ethanol and isobutene in a flow reactor under atmo-
spheric pressure was studied. Amberlyst-15 and Amberlyst XN-1010 were used as catalysts within the temperature
range of 70-140C. The activity of Amberlyst 15 was higher than that of Amberlyst XN—1010. The reaction rate data
obtained under differential reactor condition were tested by a linear regression method to determine the reaction mecha-
nism and kinetic parameters. The ETBE synthesis reaction seems to be proceeded via the LHHW(Langmuir—
Hinshelwood-Hougen-Watson) machanism. The activation energy of the surface reaction was estimated by the reaction
rate constants as well as the adsorption equilibrium constants. Apparent activation energies are 18.64 and 24.19kcal/
mol for Amberlyst-15 and Amberlyst XN-1010, respectively.
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Table 1. Properties of Resins[6, 7]

Amberlyst — Amberlyst

Propetties 15 XN-1010
Weight capacity of dry resin  4.50 3.30
(meq/g)
% of surface-SO;H groups 4.39 52.78
Internal surface area(m?/g) 55 540
Porosity vol.(%) 36 50
Avg. pore diameter( A ) 265 51
% Swelling in water 60~70 5~10
Density(g/cm®) 0.875 0.701
Microparticle diameter(um) 0.06 0.06
Crosslinkage(% ) 20~25 *75
* Obtained from experiment.
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Fig. 1. Schematic diagram of experiment appataurs.
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Fig. 2. Comparison of catalytic activities of macro-
reticular resin catalysts by isobutene conver-
sion and ETBE selectivity.
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Fig. 3. Effects of reaction temperature on isbutene
conversion, ETBE selectivity, iso—octene se-
lectivity. TBA selectivity and di-ethyl ether
selectivity.
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Fig. 4. Effects of reaction temperature on isobutene
conversion, ETBE selectivity, iso—octene se-
lectivity, TBA selectivity and di—ethyl ether
selectivity.

Catalyst : Amberlyst XN-1010
Molar ratio (EtOH/Isobutene) : 4.5
W/F : 3.0gr~cat.hr/gr-mole.
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Fig. 5. Effects of contact time on isobutene conver-
sion and ETBE selectivity over amberlyst-1.5
Reaction temperature(C) : 90°C
Molar ratio(EtOH/Isobutene) : 4.5

@ : Isobutene conversion
A ' ETBE selectivity

Table 2. Effect of Particle Size on ETBE Reaction
Rate

Amberlyst Particle diameter(mm)  Reaction rate X 10°

(mol/eq.sec)
0.833-0.991 3.03
Amberslyst 0.542-0.833 3.06
-15 0.370-0.542 3.11
0.287-0.370 2.99
Amberlyst 0.370-0.542 1.52
XN-1010 0.542-0.833 1.63
0.833-0.991 1.54

Temp. : 80T Py4,Ps: 0.15(atm)

zAF37) 94 5’—7}—’-“—5(space velocity )& LA A7
I 9% Gk WA ES 4% ok 150ml/min
ojdd e A9 ‘?}%—’—‘%Eﬂ dAsHA o AN E
A ARE $AY 5 sl

28, &3 %‘EHE B A whSEE o] W
315 A3 A3 wheEto dFo] giglonzE ut
7149 971% @*&—4 7Fe AT A" = i
37+ % (inverse space velocity) & w3} A]17)wH A
q3l&4 &

N
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Fig. 7. Effect of feed composition and temperature
on reaction rate over amberlyst XN-1010.
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Table 3. Mechanismas Proposed to Explain ETBE Synthesis Reaction
Mechnism Isobute'ne Ethans)l Surface reaction ETBE desorption
adsorption adsorption
1 [+%<21* M+ %x2M=* [*M*%2E*% + % ExceE+ %
2 [+%xe2l* M+ % 2M=* IkM% + % 2E% + % Ex2E+ %
3 [+2% 22],% M+ % 2Mx* 2, xM*x 2E* +2x% Ex 2E+ %
4 [+2% 22, % M+ % 2M % 2L, % M% 22E,,% +2% 2B, % 2E+ 2%
Table 4. Kinetic Equations Complying with the Boundary Conditions
Mechanism Rate—d:tt:j;mmmg Kinetic model Kinetic equation
. _ kKIKM(PIPM“PE/K) _ kK KMPIOPMO
1 Surface Reaction 1 =ATKP 1+ K.P,+K.P.) =TT KPot KPu)’
: __ kKKy(PPy—Py/K) __ kKKwPioPuo
2 Surface Reaction 2 "= IFKP+KPytKP)? " (15KPo+KyPu)’
- kK Ky (PiPy—Pe/K) _ kKiKuPioPuwo
3 Surface Racetion 3 r= (AF(KP)"+KP, 1P ry= AT (KPo) "+ KPP
4 Surface Reaction 4 r= kK Ky(PPyPe/K) kK KPioPuo

T+ KP)"+KyPu+ (KePe) )"~ (1+ (KiPio) " +KyPyo)®

Table 5. Estimated Kinetic Parameters for Model 2

Amberlyst 15 Amberlyst XN 1010

Temperature C k Ky K, k Ky K,

mol/eq.sec atm™ atm™! mol/eq.sec atm™ atm™

80 0.37 5.78 0.83 0.16 7.05 0.72

90 0.61 5.2 0.53 0.51 5.55 0.22

100 1.53 3.58 0.19 0.96 4.0 0.137
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Table 6. Apparent Activation Energies for Model 2

Amberlyst-15 | Amberlyst XN-1010

Activation energy

18.64 24.19
Kcal/mol
5.0 [—
—
1.0 o
K -
0.5 : o
L)
0.1 | 1 1
2.6 2.7 2.8
I/T(°K) x 10°

Fig. 15. Arrhenius plot of reaction rate constant.
A Amberlyst-15
@ : Amberlyst XN-1010

2 ¥ doldg ReFi 9t =g, etha-
nole] &g A47} 1sobuten84 AP
o A T o Bol Zu|EHe|A ethanolE 7
317 &2 uhd isobutened oFsiA FFAFTE o

Arrhenlus plotﬂ Zlo| i, 7]37] 2ug T
A3} oz Table 64 3359t}

1. Amberlyst-157} Amberlyst XN-1010¢] ]|
Aol Fstedl 2 ol AF vlAsA WF-BA

Aol whg3te o fz Qg Azs Az

2. 2T Aol w2t A Al £
Ae heEedae] S7ke 4 oA FAAS
Ao AAA 2Rz HAFE 5 ok

3. W4T model& & A Ao F2§ ethanol

Tse, A5 A5z, 1994

ofd

% - QA

ofy

3 t}2 FAA| &2 isobutenes] FEH o=
A QA7) g8 AR F4F sl #rhE
EFAgo] 3xolx, FHulgo] £EAA 2AQ
LHHW modele] 333t o 4 A3, FAsY
A Amberlyst-15¢] A$ 18.64 Kcal/mol, Am-
berlyst XN-10102} 7% 24.19Kcal/molo] it}

\3
i
=
T

4 A

2 a7e 490 Qelx RCCT(ZRE 2u)7)
& QAPAlE) 9 A Yol A=,

A8I|1E
E : Ethyl Tertiary Butyl Ether(ETBE).
: activation energy (kcal/mole).

Fi : molar flow rate of compound i (mole/hr).

I . isobutene.

g : vapor phase.

k : reaction rate constant (g—cat. hr/mole).

K : equilibrium constant for the reaction
(atm™).

K . adsorption equilibrium constant of sub-
stance 1(atm-1).

M . ethanol.

Pi . partial pressure of the substance i (atm).

Pi, : initial partial pressure of the substance i
(atm).

r - reaction rate (mole/eq. sec).

ro . Initial reaction rate (mole/eq. sec).

S . selectivity.

S, . sum of squares of lack of fit.

T . absolute temperature (K).

W . weight of caltalyst (equiv).

W/Fi : reciprocal space velocity {eq. sec/mole).

Xi . degree of conversion of reactant 1.

X1 . molar fraction of substance 1 in exhaust
gases.

* . active center.

&h . fraction of surface coverage in compo-
nent i.

AHa® : adsorption enthalpy(kcal/mole).

MBa°, . adsorption entropy of substance i(kcal/
mole. K).
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. adsorption entropy of gaseous states in
component i (kcal/mole. K).
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