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Dealumination of NH4Y-Zeolite to Convert to the Hydrophobic Zeolite by High-Temperature
Steam Treatment

Kim Jin-Young - Jeon Dong-Hwan - Chung Byung-Hwan - Mo Se-YoungT

Department of Environmental Engineering, National Chungbuk University

ABSTRACT : This study was performed to change the hydrophilic NH;Y-zeolite to the hydrophobic one for removal of VOCs by
removing the A" in the zeolite-structure to increase the SV/Al ratio, for which the three pelleted NH;Y-zeolite samples were contacted
separately with the steam of 4007C, 500C and 6007, respectively, in a stainless steel column for 4 hours. Then extraction of the
ex-structure aluminum of the hydrolyzed zeolites with the nitric acids of 0.25, 0.50. 0.75, and 0.10 M at 90C in 500 mL-flasks,
respectively, according to steam temperature were followed. XRD analysises of the dealuminated zeolites showed that the peaks of the
zeolites that had been hydrolyzed with the steams of both 500C and 6007 are distorted more with the increase of the concentration of
nitric acid used for extraction of the ex-structure aluminums, however, those hydrolyzed with steam of 400°C became amorphous phase
when treated with the all nitric acids of four concentrations. Also the EDX analysises showed that the BET surface areas and TPVs of
the zeolites that had been hydrolyzed with the steam of 600°C were increased with the concentration of the nitric acid when the nitric
acids of 0.25 M and 0.5 M had been used but decreased when the nitric acids of 0.75 M and 1.0 M had been used. These results led
to the conclusion that both the 600°C and 500C-steam and the 0.5 M-nitric acid are appropriate to change the hydrophilic NH;Y-zeolites
to the hydrophobic one, which were proven by the measurement of the benzene and tolune-adsorbing capacities showing the same trend
as the BET surface area and TPV. The Si/Al ratios and water-adsorbing capacities of the dealuminated zeolites were increased and
decreased, respectively, with the concentration of the nitric acids so that it showed that the hydrophobicity is increased.
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Table 1. The relative strength of the major XRD peaks of
NHY, 600S, 500S, and 400S at 26-values of 10~25°

2Q:values | 314 | 12.907 | 15.827 | 19.029 | 20.736 | 24.0m1
zeolites
NHY 1022 | 11.98 | 1574 | 1878 | 2044 | 23.68
6008 1026 | 1202 | 1582 | 18.88 [ 20.56 | 23.86
5008 1032 | 1203 | 1586 | 18.95 | 2062 | 23.92
4008 10.18 | 1198 | 15.72 | 18.80 | 2046 | 2376
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Fig. 1. XRD patterns of NHY(a), 600S(b), 500S(c), and 400S(d).
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Fig. 2. XRD patterns and SEM micrographs(x10k) of 6008-0.25A(a), 0.50A(b), 0.75A(c), 1.0A(d).
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Fig. 3. XRD patterns and SEM micrographs 400S- 0.25A(a), 0.50A(b), 0.75A(c), and 1.0A(d).
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Table 2. Si/Al ratio, B.E.T surface area, and TPV of the
dealuminated zeolite

Si/Al ratio BET(m’/g) TPV(cc/g)
600S | 500S | 400S 600S 6008
NHY - - - 766.5

S 363 | 380 | 3.55
025A | 3.84 | 415 | 405
0.50A | 533 | 564 | 555
0.75A | 594 | 758 | 7.53
10A | 949 | 1205 | 1424 | 448.1258) | 0.29(19.4)

* Numbers in parenthesis : percent of decrease (or increase) in
BET surface area and TPV.

646.8(15.62) 0369
651.6( 1 0.74) | 0375(1 1.6)
587.8(9.79) | 0.360(4.0)
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Fig. 6. Adsorption curve of water vapor on the 600Ss, 500Ss,
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Table 3. Adsorption capacity of the dealuminated zeolites for
water

6008 5008 4008

Sample | Ads. | % of | Ads. | % of | Ads. | % of
capa. | reduc. | capa. | reduc. | capa. | reduc.

0.25A 26.7 1.1 219 18.9 20.5 24.1
0.50A 26.3 2.6 20.8 23.0 20.1 25.6
0.75A 254 5.9 19.1 29.3 13.9 48.5
1.0A 223 17.4 19.0 297 13.6 49.6
NHY 270

&4 mg - water/g - zeolite

A T-Z(tetrahedral structure)lA] B8 A -F(octahedral struc-
ture)2 v EG FF(pore)d] WA ZAFI] o
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Table 4. Adsorption capacity of the dealuminated zeolites
for benzene and toluene

6008 5008 4008 NHY
Ben. | Tol. { Ben. | Tol. | Ben. | Tol | Ben. | Tol.
0.25A | 73.7 | 80.9 | 58.5 | 59.7 | 63.6 | 62.6
0.50A | 749 | 0.8 | 60.5 | 62.7 | 52.6 | 55.1
0.75A | 64.7 | 76.7 | 46.5 | 596 | 24.1 | 40.0

1.0A | 51.6 | 70.0 | 44.7 | 462 | 16.0 | 324

unit : mg/g - zeolite

Sample

71.7 | 85.5
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