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Abstract—The vapor phase addition of methanol to iso-butylene was carried out in a differential reactor packed
with two types of macroreticular ion exchange resin catalyst, Amberlyst 15 and Anberlyst XN 1010. External mass
transfer resistance and macropore diffusion resistance could be neglected over the range studied. The experimental
data on the reaction rates could be correlated fairly well with the homogeneous model in which equilibrium distribu-
tion effect was considered. Catalytically active -SO;H groups were diluted by partial replacement with ~SO;Na groups,
and from which it was investigated that the reaction rates were nonlinearly dependent on the acid concentration in the

resin. The functional groups on the surface of the microparticles seemed to have a lower activity than those within the
micropatrticles.
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Fig. 1. Schematic diagram of sulfonated styrene-
divinylbenzene copolymer (macroreticu-
lar type).
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Table 1. Rival kinetic models.

Model mechanism Kinetic model equation
I Homogeneous kk4P,Pg/[1 + (ky~1)P 4}2
I Rideal rxn control (A adsorption) KK kP Pp/[1 + (kK +ky—1)P,] (1 +(ky~1)P 4]
I Rideal rxn control (B adsorption) kKgk P,Pg/[1 +Kp + (k;—~Kg-1)P4] [1 + (k;-1)P 4]
v L-H-H-W.rxn control kK Kgk,P4Pp/(1 + Kg + (kK4 + ky-Kg-1DP 4]
\' Rideal (B adsorption control) kPp/[1 + (K kg + ky-1)P4)

ey P ts’ P B T b] s .

P.— i able 2. Properties of resins.
57 1T (k,—1)P, (12)

rop=k-kP,Py/(1+k,—1)P,)? 13
olutoll 7h5Alo] E Wrix] HRS-Ex wello) e Y
FE ATE 29ste] ol AES Table 1o viehy

ok,
oF ¥4 AFE 295} wlAYA W o 9
$ol 4] 715719 B4E} chzoks 7108 =2

a3 33 b se ot 3
:)'l‘af)u+ (1— y)rtna”i (14)

ol7[4 E 71571F wlAlA Beel sy By
golv], nas}n, = ALAE 7 E
Hbell w2 f&84 <lzlelt), =3 r, &
24 Fed i oA e 3% dkg-S ol
of 1A Al g A9 gt A e T4 (F 7. =

1) =3 » T

l2lah Est Wieldel ¥ 22 o o
$HE AP} G A0 A PSEE 44E ke
5 2o,

kov=7ka+(1_7)kz‘77¢ (15)

s1el Aol A eldlalge] ghat Ago] - #i4] B4
A ol wREEe] A57E A9 gle Ate 7,
o} ool 7okl ehgat 2ol & 4 9l

ouzy‘ka (]6)

.4 #

Alglof|A] Zofz 2183 o] 23342+ Rohm and
Haas 3|#HAIEFo24 2 A4 o2& F24 =9
Amberlyst 152} Amberlyst XN 1010°}wf =2 E4
£ Table 2214 & 4= 2l%e] 24 zbo}7} vic},

Aol A-gg A lu Fig. 28} 7t} o774 eh$-E

F ol YEAs Aae FEAAZSE LTS

Property Amberlyst Amberlyst
15 XN-1010

Weight capacity of dry 4.50 3.30
resin (meq./g)
% of surface-SO4H groups 4.39 52.78
Internal surface area 55. 540.
(m2/g)
Porosity vol.(%) 36. 50.
Avg. pore diameter(A) 265. 51.
Crosslinkage (%) 20-25 75.

2
sampifng
Fig. 2. Experimental apparatus.
1. iso butylene gas 2. N, gas
3. on-off valve
4. micrometering valve
5. rotameter 6. three way valve
7. moisture trap 8. oxygen trap
9. syringe pump 10. evaporator
11. differential reactor  12. pressure gage
13. cooler 14. heating system
15. gas chromatography
16. H, gas 17. preheater
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Fig. 3. Kinetics of MTBE reaction (the lines
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Table 4. Determined activation energy.
k; = k?exp(-E;/KT) k, = kexp(-E,/KT)
Activation
energy, E 2.51 4.22
(Kcal/mol)
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Table 3. Value of parameter for homogeneous model.

Temperature Amberlyst 15 Amberlyst XN 1010
°C kmicrosphere kd s? kmam)pore kd s?
83. 11.11 1.90 0.413 4.53 2.05 0.15 x 10-1
93. 11.73 1.56 0.424 5.43 1.58 0.96 x 10-2
105 13.57 0.89 0.83 x 102 6.26 1.26 0.58 x 10-2
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NOMENCLATURE

: methanol

. iso-butylene

: adsorption constant

: reaction rate constant

: Equilibrium distribution constant
: outer pressure of the resin (atm)
: inner pressure of the resin (atm)
: MTBE

¥
ke

o VT FE AW

Greek Letters

b4 . Fraction of functional groups present on in-
ternal surface
n : Effectiveness factor
84 : Fraction of adsorption
Subscripts
abs  : absorption in resin
ads : adsorption in resin
ts . inside of the resin
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