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1. 41 * 13C NMR ( Nuclear Magnetic Resonance ) # Vapor-phase
chromatography g % | * & = 2 zeolites # methanol & ethanol # # =
hydrocarbons -
2.#% J'methanol# ethanol->hydrocarbonz_ #& 4 # 4] -
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1.Kinetic studies : # * fixed-bed continuous—flow microreactor ( 33-cm-—
long » 1.13-cm—diameter) ; Catalyst 1 g; i## (methanol#?ethanol) 2. %%
" Heff§ > Hein 5 5 3.9 ml/min » &4 F0.155 ~ 0.310 ~ 0.620% 1.24 ml/hr ;
F R & 250 ~ 300 ~ 350 ~ 400°C » 41 * GCA 7 A F ©
2. C NMR studies : 0.08 ml alcohol is adsorbed on 1 g of catalyst powder in
the NMR sample cel. The catalyst is then progressive heated ( 150 to
350°C ) and spectra are recorded ( solid + adsorbate - reactant -
intermediates ~ products) -
PIRE:
1.New experimental facts :
(1) & ™ (350~400°C) - methanol & ethanol 2. & 3= & & 4p i1 °
(2) Ethers te G- 22 &4 o
(3) # &2 ethylene (observed in the methanol conversion at high LHSV
and in the ethanol conversion) —ﬁ - Far FAP o
(4 ) Aliphatic £ aromatics 3 iZ 2 2 b A W25 > B 7 83 B S5 2L
sequential reactions o
2.5 4 GC #4575 % &2 NMR data » # I methanol=>hydrocarbon 2 ] :
(1) 150~200°C » % 4 s -k F g+ 4 = dimethyl ester :
2CH3;0H->CH3-0-CH3s+ H20
(2) 200~300°C » DME #t-k # = 2 %
CH3-0-CH3z-> CHy=CHz + H20
(3) wEz2¢e ’{wf’ zoelites 2. Br@nsted acid sites ¥ & # & carbenium ion :
CH2=CHz+ HOZ-> CH3-CHg+ ---OZ-
(4) 4 &2 carbenium ion (CH3-CHy" --OZ") # ¥ methanol ¥ &35 = higher
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ethers (Process A) # 4 » ¥ — # ethylene (& Olefin) 4+ 352 Linear
olefins (Process B)
CHs-CHga+ ---OZ” + CH30H > CH3-CH2-O-CHs + HOZ (A) Vv
CHsz-CHg+ ---OZ- + CH2=CHy » CH3-CHz-CH=CH3 + HOZ (B)
H¥ s Process A ¥ * kfzif ® 1A € 1 RAE 2 methyl ethyl ether -
(5) CH3-CHy-O-CHs i - # "%-k 4 & propylene :
CH3-CH2-0O-CHs - CH3-CH=CH3s + H0
(6) Propylene can be hydrogenated to propane, but it can also react by
process A and B as did ethylene. Secondary carbenium ions being
more stable than primary one, process A will mostly form branched

molecules (iso-paraffins)

+CH30H ~Mg0
CHy—CH=CHp + HOZ = CHs—CH'—CHy ~ —» CHy=CH-CHy  —»  CHy=G=Chp —» efc.
0z~ OCH3 CHy
+H ¢
H3
CH3—CH"C

CH3

3.Conclusion

(1) T’Fdﬁ e 2 WA H By 2 £ 8 40 73 carbenium ions o Fl i ;Zé}ﬁi:*
Z 3 e 57 % k#IP 11 branched hydrocarbobns A % 322 4 4 ¢ 413
He® 2. methyl ethyl ether

(2) T’Fdﬁ#ﬂ 3 B43rA%2 carbenium ions 2z k& ¥ Eﬁ?ﬁ %+ zeolites #F7k2. cages
£ channel .féﬁ#‘f #r & 4 2_ high electrostatic fields £ gradients -

(3) Methanol>hydrocarbon 2z % - # Zx & &% -k2; 4 DME (Dimethyl ether
) & ethylene ; R R » =3 A7 i 2 WL BT ¢ - 54§ dehydration-
methanolation (*t-k —f%i* ) ¥ & » 3;= branched aliphatics ; = % ;f}’\‘ﬁ
(polycondensation) ¥ &35 linear aliphatic £ aromatic °

( 4 ) Methanol>hydrocarbons 2z # 4] ethanol #p iz » H BF 2. £ £ 4
ethylene % d ethanol ® &% -ka)= o
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[1] A carbonium ion (carbocation » B & &+ > » FIFRFEHF ) L7 7 & TH
2EMY R A A ALL PP D M BEABB L > T - g 0T
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Carbocations are classified as primary (- & 3+ ) , secondary (= &
B A3 ), or tertiary (= %@ 3+ ) depending on the number of
carbon atoms bonded to the ionized carbon. Primary carbocations have
one or zero carbons attached to the 1onized carbon, secondary
carbocations have two carbons attached to the ionized carbon, and
tertiary carbocations have three carbons attached to the ionized carbon.

Order of stability of examples of tertiary (III ), secondary (II ), and

primary (I ) alkyl carbocations
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