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Abstract— Infrared spectroscopy and temperature-programmed desorption have been used to investigate the
acid-base properties of alkali cation exchanged X zeolites incorporated with boron. Boron led to decrease the acidity of
fresh catalyst rapidly and to lower the acidity-decay during the reaction, side-chain alkylation of toluene with
methanol. But boron can not affect the basicity, significantly.

In conclusion, it seems reasonable that the role of boron is to help the activation of methyl group of toluene, which
accelerates the side~chain alkylation of toluene selectively.
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Fig. 1. IR spectra from pyridine adsorbed on
HX after evacuation at various
temperatures.
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Fig. 2. IR spectra from pyridine adsorbed on
KX after evacuation at various
temperatures.
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Fig. 3. IR spectra from pyridine adsorbed on
samples without boron-promotor.
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Fig. 4. IR spectra from pyridine adsorbed on
KBX after evacuation at various
temperatures.
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Fig. 5. IR spectra from pyridine adsorbed on
samples with boron-promoter.
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Fig. 6. TPD spectra from ammonia from various
samples: (a) HX for comparison, (b) KX,
(c) RbX, (d) CsX, (e) KBX, (f) RbBX, (g)
CsBX.

solg bl gleh, olel® AT B
st Agupgae) Holol Flelshe Aow Awde,
3 FAUAEIG 45D Fohe] S

CECIER:

(a) fresh KX
(b) used KX
(c) fresh KBX
(d) used KBX

NH; Eluted

[}
100 200
Temperature (°C)

1

=

3

= -

A ey

35 2213 TPD A#+= Fig. 73 2t} Fresh KX
o ulal used KX+ TPD A9 27], & 449 +
ghdol| A HE zhaslglet, Tme =3} e
o2 Hol 2 A7l §XA5E ZAed B 4 9o,
7ol AR Folx Ak=AE7t 2

_Ilm >)L

3 $as} 2714

g z2A 4% 4 4 Ah(Fig.7A). CsX, CsBX,
RbX % RbBX ¢ 7$ols o]} u|sdl 7S Mol
2 9o} (Fig. 7B, 7C).

3-2. ¥ol1=A

x| Zuje] dr|EAHe ARl 9E2E F34
7 o]F IRZ HA3= uhyo] UH% i%aql_ Hio

A
—I—

o] % (shift) = combmatlon band’®
intensity & 3o 2 mAl¥wie] I EA4E T
HE 4 ek, AgEtejre] A%, NH¥=+ 3300
-3200cm ol vJeh}i combination W=+ 2940
cm ¢t 2850cm oA YEhdes ZeE Myslw gl
o}15],

KX, RbX % CsXol #E5&

Fig. 8o =43k},

2 ¥aElx glcH14,15].

SRR LA

S 2417 IR AAE

(a) fresh CsX
(b) used CsX
(c) fresh CsBX
(d) used CsBX

(a) fresh RbX
(b) used RbX
(c) fresh RbBX
(d) used RbBX

NH; Eluted

100 200
Temperature (°C)

Fig. 7. TPD spectra of ammonia from fresh and used samples.

statsst

H27T M4z 19891 8E



200°C evacuation

Transmittance

RbX

3500
Wavenumbers (cm-1)
Fig. 8. IR spectra from pyrrole adsorbed on
samples without boron-promoter.
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