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Measurement of the Acidity of Various Zeolites by the

Temperature-Programmed Desorption Method

Masao NAKANO
Toshio HIRONAKA
Satoshi FUJII
Kazuhiko SEKIZAWA

The acidity of various zeolites (Y, Offretite/Erionite, L, Mordenite, Ferrierite, ZSM-5) has been measured

using the temperature-programmed desorption of ammonia. The acid strength of protonated zeolites de-
creases in the following order; Mordenite>Offretite /Erionite>ZSM-5>Ferrierite>>L>Y. The effects of

the degree of proton exchange, Si0Q,/Al,O, ratio, treatment with steam, and exchanged cation species on

the acidity of zeolites have been investigated. The relation between acidity and the catalytic activity of

Ferrierite in the hydration of ethylene has also been discussed.
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Fig. 3 NH,-TPD Spectrums of Various Zeolites
Table 1 Results of NH3-TPD on Various Zeolites
Degree of | Amount of Dtisorbed NHg*
o e . Proton Si0y/Al,04 (mmol/g)
Zeaolite Acidification Exchange Retio ) . A ,
o -pea -pea
(%)
TSZ-320 none = 5.3 1.15(200) —
Y NH,C] 76 5.5 1.95(202, 390)
TSZ-410 none —_— 7.4 0.47(190) —_
Offretite/Erionite NH,CI 76 7.3 0.90(190) 1.61(483)
TSZ-500 none W 6.0 0.12(165) —
L NH,CI 74 6.1 1.57(196, 390)
TSZ-600 none - 9.8 2.05(266) =
Mordenite NH,CI 98 10.0 1.32(200) 0.93(500)
TSZ-720 none - 17.3 1.41(270) —
Ferrierite NH,Cl 99 17.3 1.26(225) 1.13(512)
ZSM-5 none — 23.3 1.50(205, 290) —
HCI 99 26.0 0.75(215) 0.52(432)

* Values in parentheses are temperature of peak maximum Ty (°C).
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Amount of Desorbed NHg*
No. H*Y% (mmol/g)
l-peak h-peak
1 0 1.41(270) —
2 28.0 1.31(250) 0.21(435)
3 57.4 1.18(225) 0.54(460)
4 86.6 1.17(225) 0.92(485)
5 99.4 1.26(225) 1.13(505)

* Values in parentheses are Ty (°C).

Fig. 5 NH;-TPD Spectrums of NaH-Ferr. (SiO,
/AL Oy=17.3)

X104

(b)

(mol/hr-g-cat.)
[s-]
)
T

Ethylene Hydration
—
o
T

Activity of

(a)

,_.
- [l
S A
T—C

NH; in h-peak
(mmol/g)

Amount of Desorbed
<o
o
T

”~
0o0—Z= /l | L I
0 20 40 60 80 100

Degree of Proton Exchange (%)

Fig. 6 Relations of (a) Amount of Strong Acid
Sites and (b) Activity of Ethylene Hy-
dration to Degree of Proton Exchange
on Ferr. (8i0,/Al,03=17.3)

fownws &% R/ L, Minachev XYRI¥ 4 5 1 + TEf
REERD & [/ U /R L7,

¢8)

¥io, 99% H-Ferr. flcit= —% v 2ic k 51EM:
BN BD BRI, 57% H BX ot 87% H-Ferr. fii
BT h MEHE R, hiE, =& /7 — VARG
RCHB & FIFAC 7 — 7 EROTEES T b % WgRo
BENET LAY, =5 L VvOBRSEC I 5 a—% v
RIS EHEES R D,

(2) Si0z/Al,0;3 tf

Si0,/AlO; D Bfs % H-Ferr.,, H-Mord, 3 X 0t H-
ZSM-5 o NHy-TPD JUEDFEBE Table2 =% L

Table 2 Results of NH;-TPD on Protonated

Zeolites with Different SiO,/Al,O4
Ratio,
Amount of Desorbed NHg*
Zeolite  SiO/ALOs (mmol/g)

l-peak h-peak

Ferrierite 12.6 1.43(215) 1.04(485)
13.9 1.40(225) 1.10(503)

17.3 1.26(225) 1.13(512)

19.7 1.15(225) 1.01(508)

Mordenite 10.0 1.32(200) 0.93(500)
14.0" 1.13(205) 1.07(510)

15.1 1.14(203) 1.19(520)

19.9 0.84(200) 0.97(520)

ZSM-5 26.0 0.75(215) 0.52(432)
40.4 0.60(217) 0.49(435)

48.0 0.41(218) 0.40(434)

a) Zeolon 100H (Norton)

* Values in parentheses areTy (°C).
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Amount of Desorbed NH,*

Exchanged Cation (mmol/g)
{-peak h-peak
H*  (76) 2 .56 (300) 1.61(620)
Lit  (44) 2.89(375) —
. Na* (64) 2.49(335) —
§ K*  (98) 1.65(260) =
= Rb* (76) 0.72(240) —
=
S Cs*t (74) 0.27(220) —
lﬁ Mg?* (74) 4.08(450) 0.48(660)
§ Ca®* (70) 1.73(320) 0.20(530)
g Sr** (65) 1.45(340)  0.09(500)
a Ba?* (73) 1.41(365) 0.53(525)
& I I I 7& La®* (61) 2.00(350) 0.22(530)
- B Cet*  (59) 2.02(360)  0.25(610)
TI*  (79) 0.59(270) —
* Values in parentheses are Ty (°C).
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Fig. 12 Comparison Pyridine-TPD Spectrum
with NH3-TPD Spectrum on H-ZSM-5
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