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Abstract : In this study, porosity estimation was conducted by the physical properties of zeolite. Because of the difficulty of
directly measuring the porosity of particulate matter, the porosity was calculated by applying the measured physical properties of
zeolite to the calculation formula presented in various literature. For this purpose, the average particle size, particle size
distribution, specific surface area, and pore characteristics of three types of zeolite - zeolite beta, zeolite Y, and ZSM-5 - were
measured. In addition, the true density using gas and liquid phases, and two types apparent density (tap and untapped density)
were measured. We calculated the porosity using these results, compare and analyzed the results, and evaluated main factors that

determine the porosity.
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2.1 Materials
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Figure 1. Particle size distribution of zeolite beta, zeolite Y and ZSM-5.
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Table 191 AlSetolE 359 BlERAZT 71324 Azt
Attt 2AE 59 zeolite YO H|EHZA 0| 714 A
™ zeolite beta, ZSM-5 £U-& & 4= It} Pore size: particle
sizeZ7} 7V 2L zeolite beta’} 7FE & Ao 2 BEA9low,
ZSM-52 pore size7} 2 nm ©|5}Q1 micropore TEA|YS & £
AT} IUPACOA= 718 Z7]°] wh} 2 nm ©]5}Fo]H micropore,
2~50 nm H2Jo]H mesopore, 50 nm ©]4}21 7J-2-0= macropore
2 275 ot ed, 7 7 7ol UEH ZSM-5=
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Table 1. Specific surface area and porosity of zeolite beta, zeolite Y

and ZSM-5
Characteristics symbol zeb(;ltge zeolite Y |ZSM-5
Specific surface area (m> g')| S, |562.81 | 872.66 |394.27
Total pore volume (cm® g) vV, 10756 | 0.522 | 0.187
Average pore size (nm) d 5.37 2.39 1.90
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Figure 2. Mesopore size distribution of zeolite beta and zeolite Y by BJH desorption.



Table 2. Density of zeolite beta, zeolite Y and ZSM-5

Density (g cm™) symbol zeolite beta zeolite Y ZSM-5
) gas Pry 2.86 2.79 2.54
Ture density —
liquid Py 2.15 2.00 2.26
) tap density Pat 0.53 0.34 0.53
Apparent density -
untapped density Pau 0.31 0.13 0.15

7] 95}o] tap density?} untapped densitys =7%olo] AiE
Aottt 235 B9 zeolite Y= & 79 B 2% 7
32 Ao F e Zeolite beta®l ZSM-59] 7-%-, untapped
densityi= 5 Hj o]4; Z}o]7} Q= W, tap density= A
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=TolE JAY] HHtA77F E5 1 Dx It Ao|7t 24
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A} Apo]9] F=o] W] wet WAy 24 @A Ao
WA= Ut 53] ZSM-52 Figure 2014 B YAA717F 1.9 1
m&} 78 umQl bimodal= & YA} Ato]] F=of 2h2 UAHE0]
YA HEA tap density gl AA F7FeF Ao= wbETh

Al&efo|E £ 7|5 4 Sld 7o) Bae A
52 U85t ARE Hlw-EAstA Sl gRkdo s

13&2 2A=29 Foof tigt /e 75519 vle=
AolE=E[1], ol 7IE&Y AoUE #AZ SHH o
Equation (1)¥} Zo] Yehd 4= et

N

10 o

V
¢1(%) = VSX 100 (1)
o714 $<= Equation (1)°] &J3t 7|85, V= A= 7|59 &
T, V.= AR F35 &3t Equation (1)°f 93t Al&zto]
E 715& 33E& 98l V,E Table 19] total pore volume (cm’

253, V.2 tap density(p,) =9 A9 Alw9] Fi
A&3to] 715&& AATsto] Table 30] A=|5HAt.
¢ A= zeolite beta®] 7]FE°] 7FF O zeolite Y,
ZSM-5 <91 #1072 UElytt}. o]+ Equation (1)°A]+ 7159
Fue} tap density S A9 SHgEC] &= A=, A&
o] E ZFH tap densitye] HAFZ} ZX] kot ¢, FH2 7]5H

mo] wlEsh Avhe Uepgt.

i

_1)

(4]

O
=2
=

RS

o

A

]

4 rir

Table 3. Estimated porosity of zeolite beta, zeolite Y and ZSM-5

Porosity Caleulation zeolite beta | zeolite Y | ZSM-5
factor
#1(%) Vi Pu 40.05 17.75 9.91
> Pig 81.47 87.82 79.16
¢2(%) p i3 th
Pats P 75.32 83.03 76.53
Sber Prgs d 2.16 1.46 0.48
¢3(%) cube ptg
Sber P> A 1.06 1.04 0.42
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