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21 Standard r and o values for nonporous silica.
P/P° t/nm PIP° t/nm  a
0.01 0.234 0.44 0.54 0.623 1.16
0.02 0.259 0.48 0.56 0.636 119
0.03 0.279 0.52 0.58 0.648 1.21
0.04 0.294 0.55 0.60 0.663 1.24
0.05 0.307 0.57 0.62 0.681 1.27
0.06 0.319 0.60 0.64 0.701 1.31
0.07 0.329 0.61 0.66 0.720 1.34
0.08 0.339 0.63 0.68 0.740 1.38
0.09 0.347 0.65 0.70 0.763 1.42
0.10 0.356 0.67 0.72 0.783 1.46
0.11 0.364 0.68 0.74 0.808 1.51
0.12 0.371 0.69 0.76 0.835 1.56
0.13 0.379 0.71 0.78 0.862 1.61
0.14 0.386 0.72 0.80 0.895 1.67
0.15 0.394 0.73 0.81 0.917 171
0.16 0.399 0.74 0.82 0.937 175
0.17 0.406 0.76 0.83 0.960 1.79
0.18 0.411 0.77 0.84 0.982 1.83
0.19 0.416 0.78 0.85 1.01 1.88
0.20 0.421 0.79 0.86 1.04 1.93
0.22 0.434 0.81 0.87 1.07 2.00
0.24 0.446 0.83 0.88 .11 2.07
0.26_ 0.456 0.85 0.89 1.15 2.15
0.28 0.466 0.87 0.90 1.20 2.24
0.30 0.479 0.89 0.91 1.25 233
0.32 0.491 0.92 0.92 1.31 244
0.34 0.501 0.93 0.93 1.38 2.57
0.36 0.511 0.95 0.94 1.49 2.78
0.38 0.524 0.98 0.95 1.70 217
0.40 0.536 1.00 0.96 1.92 3.58
0.42 0.546 1.02 0.97 2.29 4.27
0.44 0.561 1.05 0.975 2.59 4.83
0.46 0.573 1.07 0.98 2.99 5.58
0.48 0.586 1.09 0.985 3.79 7.07
0.50 0.598 1.12 0.99 5.38 10.04
0.52 0.611 1.14
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[XI1 Adsorption isotherms of nitrogen (77 K) and their ¢
plots for porous model adsorbents. (a), (b): adsorbent
of slit-shaped mesopore, (c), (d): adsorbent of
micropore, (e), (f): adsorbent of both of slit-shaped
mesopore and micropore.
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[X12  Preparation of NH4-ZSM-5 (Sample I) and H-ZSM-5 (Samples 1i, III, IV).
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[XI3 SEM photographs of NH;-ZSM-5 (Sample 1) and
H-ZSM-5 (Samples II, III).
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[X]4  Adsorption-desorption isotherms of NH,-ZSM-5 (Sample 1) and H-ZSM-5 (Samples II, 111, 1V).
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[X5 ¢ plots of NH4-ZSM-5 (Sample 1) and H-ZSM-5 (Samples II, III, IV).
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v FEGHILOBRBIIER %1 =0 125HF L 7-%E
& BH) 5V =13 mmdglkFTh, 21y
b BIRRLOOFINEA )R &L U dweayy=3.3 nm & 3
T&5b, t 70y b5 Sample 1 DFMERSFEMIZRT L
TEELHMRAIPELSNDLZ LN L, 22T, EE
T&5t 70y bEROAHIZIE, SHWEHEEE T
DFMN LG BFRAE SRSV ETH AL L EIEHL
T F4ITRT L9, HE0 FThHEH
BAEFERLEER CGHELTWVAD,

4-2 Samples Il, Ill, IV (QUEEEHD OHFES

Samples 1 ~1V Dr 711y b (cf. [45) (ZFEBLL
T2y — L HERLTWE, 5D 71y DERI
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IAANOERGTFOFIEIEMRI, 1| DLLFETHT
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ERIOAE LY (Apeso T Ae) D5KRE D, BB
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AL, RLEEK (Sample 1) & ALEEEEL (Samples
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K12, Samples HH~TV DA o, Amicros Vimesos
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28 %A L, ¥4 27 0ILOEKFEIL168 mmi/g
(Samples 11, IV OE¥E) £ 1) 148 mm3/g (Sample
HOME) ~12%FAT 5, HFiz X VILOEFEL10.5

#2 Porous character of NH4-ZSM-5 (Sample I) and H-
ZSM-5 (Samples 11, I1I, 1V).

Acx Amcso Amncm Vmcso Vmicm w Wpcﬂk

mig ! . ommig-! nm
© Sample | 1.6 80 0 13 0 3.3 35
Sample 11 2.3 11 515 17 167 3.1 34
Sample 11 3.1 29 37 39 148 27 52
Sample IV 2.5 10 510 17 169 3.4 33
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LA % A SRR T WV CEHE L 72, MIFLO6 i
MAEKTIC, SHHROE— 2 (Wyey) #E21C
Y. Samples I, 11, IV @ ¥ — 7 fEIZHIFLIE3.3 ~
3.5 nm % 5.2 7%, Sample 1l ®¥— 7 {E135.2
am %z 52, AVILOEIERLTWE, 2DLH
"AVILOWRIZ, SR FRERL O~ A 7 oyt
KERDOBETHE L0 EHEEL TV S,
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X6 Adsorption and desorption processes for slit-shaped mesopore.
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X7 Pore size distributions of slit-shaped mesopores of NH,-ZSM-5 (Sample 1) and H-ZSM-5 (Samples II, III, IV).
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[18 NH;-TPD curves of H-ZSM-5 (Samples II, IH, 1V).
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HEEIT 720

X8 7585 A% & 512, Sample 111 O NH3-TPD
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ERY—2 (h-peak) OEREL VEEEZ KD A & 10))
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mmol/g (¥4 E &), Sample 111 T0.22 mmol/g
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B EE) Tholze TOREDS Sample HI OFE
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[X]9 Porosity model of H-ZSM-5.
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BEWEFIRM (77 K) 2B 5L, ZSM-5
PAD A VIR~ A 7 TLUZE L TEE LML
5N b, Sample 11 (535 CHHEZME) OHFLET
WEEZBEIIIRL TV A, WA FOFEHERE d=
ca. 200 nm) 2SRd=(6/pXA) L OKF L, Bk
FEEROBIZBEL T, RMTORIRE LK ERKE
L, R FOERE (A=Ax+Apneo=13.3 m¥g) &
He EIfiECHlIlE L7 FORE (2.3 glem?) %
vz, F72, R FHOBRE (R v FEERTL)
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Mesoporous and Microporous Texture of Zeolite Powder (ZSM-5: JRC-Z5-25H)

Kazuyuki Nakai, Masako Hakuman, and Hiromitsu Naono
BEL JAPAN, INC.

The ZSM-5 powder (zeolite reference material: JRC-Z5-25H, NHy-type) was degassed
at ca. 25T to obtain Sample I, whereas Samples II, III, IV were prepared by heating the
ZSM-5 powder at 535 C under different atmospheric conditions. The SEM photographs show
that the ZSM-5 powder consists of an aggregate of fine particles of ca. 200 nm and the crevices
between primary particles are slit-shaped pores. The adsorption-desorption isotherms of nitrogen
at 77 K were measured for Samples I ~1V. The isotherms were analyzed using the ¢ method
in order to evaluate the mesoporous and microporous texture of the zeolite powder. The ¢
plot of Sample I indicates that the slit-shaped mesopore of 3.3 nm was formed by degassing
the ZSM-5 powder at ca. 25°C for 10 min. The 7 plots of Samples 11~1V indicate that the
closed micropores, which are filled mainly with water. are changed into the open micropores
under the treatment of 535°C. Micropore volume depends on the atmospheric conditions;
Sample I, which was heated under exposure of water vapor, has the micropore volume of
148 mm?3/g, while Sample II, IV, which was heated without exposure of water vapor, has the
micropore volume of 167 mm?/g. It was found that mesopore volume of Sample Il is larger
than that of Sample II, IV. These results lead to conclusion that the water vapor plays an

" important role for degradation of micropore. The degradation of micropore was influenced
on acidity of ZSM-5; it was found from the NH3-TPD curves that the acidity of Sample I
is only 20 % of Sample II, IV.

Keywords: ZSM-5 zeolite, nitrogen adsorption isotherm, ¢ plot, mesoporous texture,
microporous texture, NH;-TPD



