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Abstract— The cation-exchanged faujasite were characterized and studied by infrared spectrometer, X-ray fluore-
scence spectrometer and X-ray diffractometer. The shift of i.r. absorption band, Si/Al ratio and degree of crystallinity
were studied respectively. The deconvoluted bands of speclra for the cation-exchanged faujasite corresponding to T-O
vibration frequency appeared at 940-1050 cm-! (band A), 1000-1100 cm! (band B), 1097-1190 cm-! (band C),
680-730 cm“ (band D), and 748-780 cm~! (band E). The bands A and E were assigned to the asymmetric stretching (vy)
and symmetric stretching (vo) of Al-O respectively. The bands C and D were assigned to the asymmetric stretching (vs)
and symmetric stretching (v9) of Si-O respectively. The band B was assigned to the overlapping of asymmetric stret-
ching {v;) of Si-O and asymmetric stretching (v3) of Al-O.
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Table 1. Si/Al ratio and dealumination % of zeo-
lite treated by IN cation-exchanged
chloride selution

Ton 13X SK-40

Si/Al  -AAL (%) Si/Al  -AAK%)
Non-treated 1.03 - 2.55 -
Na *-treated 1.03 0.00 2.55 0.00
K *+-treated 1.04 0.96 2.55 0.00

Ca*-treated 1.09 5.50 2.55 0.00
Co+-treated 1.11 7.21 2.67 4.50
Fe *-treated 1.12 8.04 2.70 5.92
Cu*-treated 1.45 28.97 2.79 8.60
Fe *-treated 76.40 98.65 51.58 95.06
H *-treated 71.42 98.56 83.53 96.94
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Fig. 1. X-ray diffraction patterns of cation-ex-
changed zeolite.
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Fig. 2. LR. spectra of various cation-exchanged
faujasites.
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Fig. 3. A plot of the LR. intensity as a function of
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Fig. 4. Deconvoluted LR. spectra of T-O stretching
bands in the cation-exchanged X-type zeo-
lites.
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Table 2. Maximum absorbance position (v,,,,) and absorption area of deconvoluted IR spectra

Wave Number (Area)

lon Band A Band B Band C Band D Band E

Xtype (13X)
Na* 943(21.4) 1004(52.6) 1097(25.9) 680(5.6) 748(7.4)
K+ 945(16.2) 1007(43.6) 1100(21.5) 680(4.6) 748(5.6)
Cal+ 944(16.2) 1009(41.2) 1114(17.6) 682(4.6) 752(5.5)
Co?+ 947(10.8) 1037(41.4) 1113(19.0) 688(4.1) 762(3.7)
Fe2+ 955(12.9) 1046(26.4) 1139(17.7) 695(4.0) 775(2.1)
Cu2+ 963(11.9) 1054(26.3) 1149(18.8) 702(3.8) 780(0.8)
Fed+ 1024( 4.9) 1083(26.3) 1182(13.1) 708(3.0) - ()
H -+ 1027( 5.3) 1085(26.6) 1187(12.7) 712(3.0) - (=)

Y-type (SK-40)
Na* 980(22.6) 1039(49.2) 1138(28.2) 710(5.9) 770(8.1)
K+ 979(20.1) 1038(45.7) 1137(32.8) 710(5.9) 770(8.1)
Ca?+ 979(20.0) 1039(46.8) 1137(29.2) 710(5.9) 770(8.1)
Co2+ 980(20.8) 1042(44.4) 1140(26.8) 710(5.6) 770(7.5)
Fe2+ 980(20.1) 1048(42.9) 1145(27.0) 720(5.4) 775(5.1)
Cu2+ 987(19.8) 1059(39.7) 1156(32.5) 720(5.3) 775(4.3)
Fed+ 1043( 9.1) 1091(43.8) 1184(24.0) 725(3.0) — )
H+ 1048( 9.8) 1095(42.3) 1188(26.1) 730(3.0) — ()

Unit: Wave Number (cm-1), Area (cm?)

Band A: v; (Al-O), Band B: v3 (Al-O) + v{(Si-O), Band C: v3 (Si-0), Band D: v, (Si-O), Band E: v (Al-O)

Table 3. Intensity of IR bands D and E, D/E, and Si/Al ratio at various cation-exchanged faujasites

X-type (13X)

Y-type (SK-40)

Ion Si-0 Al-O D/E Si/ Al Si-0 Al-O D/E Si/ Al
(D) (E) D) (E)
Na+ 1.80 2.45 0.73 1.03 1.85 2.50 0.74 2.55
K+ 1.50 1.95 0.77 1.04 1.85 2.50 0.74 2.55
Ca2+ 1.30 1.60 0.81 1.09 1.85 2.50 0.74 2.55
Co2+ 1.00 1.10 0.90 1.11 1.80 2.00 0.90 2.67
Fe2+ 0.90 0.10 9.00 1.12 1.00 1.00 1.00 2.70
Cu2+ 0.80 0.10 8.00 1.45 0.97 0.80 1.21 2.79
Fed+ 0.80 0.00 o0 76.40 0.80 0.00 0 51.58
H+ 0.80 0.00 o 71.42 0.80 0.00 oo 83.53
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Table 4. Bond force constants of various cation-exchanged zeolites (X-, Y-type)

Si-O Al-O
vy v V3 V4 k; k vy Vo V3 vy k; ky

X-type (13X)
Na+ 1004 680 1097 450 0.26 8.47 943 748 1004 450 1.03 4.27
K+ 1007 680 1110 450 0.25 8.57 945 748 1007 450 1.04 4.26
Ca2+ 1009 682 1114 450 0.25 8.60 944 752 1009 450 1.04 4.26
Co?+ 1037 688 1113 450 0.32 8.86 947 762 1037 450 1.00 4.52
Fe2+ 1046 695 1139 450 0.31 9.08 955 775 1046 450 1.02 4.52
Cu?+ 1054 702 1149 450 0.31 9.24 963 780 1054 450 1.04 4.59
Fe3+ 1083 708 1182 455 0.33 9.74 — — — — - -
H+ 1085 712 1187 455 0.33 9.78 — - - - — —

Y-type (SK-40)
Na+ 1039 710 1138 450 0.29 9.02 980 770 1039 450 1.13 4.54
K+ 1038 710 1137 450 0.29 9.00 979 770 1038 450 1.13 4.54
Ca2+ 1039 710 1137 450 0.29 9.02 979 770 1039 450 1.13 4.52
Co2+ 1037 710 1132 450 0.29 8.98 980 770 1037 450 1.14 4.50
Fe2+ 1048 720 1145 450 0.30 9.16 980 775 1048 450 1.12 4.58
Cu?+ 1059 720 1156 450 0.31 9.34 987 775 1059 450 1.13 4.67
Fe3+ 1091 725 1184 455 0.35 9.83 — — - — — -
H+ 1095 730 1188 455 0.35 9.91 — - — — — —

Ion

Unit: v{cm™1), k(x 10% dynes/cm)
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