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Abstract—The chemical extraction of Al atoms from X and Y zeolites during ion-exchanged procedures using 1N
metal chloride solution was studied to investigate the effect of cation on dealumination. Correlated X-ray photoelectron
spectroscopy (XPS) and X-ray fluorescence spectroscopy (XRF) studies have beer carried out on the dealumination of
Na<-, Ca?*-, Fe?+- and Fe3*-exchanged zeolites. The Al/Si ratios of bulk and surface on ion-exchanged zevlite were
studied as a function of pKy,. Especially, XPS has been used to obtain the Al/Si ratio of zeolite surface and to determine
the binding energy(E;) of Aly, electron. We found that the Al/Si ratio of the surface is less than that of the bulk. The
XPS results show that decreasing aluminum content of surface proportionally decrease the binding energy of Al,, elec-
tron. It has been also derived that the decrease of surface Al/Si ratio is directly related to the weakening of Al-O bond
in framework.
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Fig. 1. Perspective views of sodalite cage, fau-
jasite, and cation site indication.
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Table 1. AlSi ratios on surface and bulk of zeo-

lite X and Y
I 13X SK40 K
on Surface Bulk Surface Bulk PBa
Na+-treated 069 098 033 039 14.48
Ca2+-treated 0.68 092 032 039 1270

FeZ+-treated 0.65 091 030 038 950

FeZ+/Fe3+- 0.51 0.69 0.12 0.24 7.06
treated (2/1)

Fe3+-treated 0.00 001 000 002 219

*Values of pK,, is negative log of the first hydrolysis
constant of cation[28].
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Fig. 2. Plots of AlSi against pK, at zeolite X and

: 13X(surface)
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: SK40 (surface)
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Fig. 3. The X-ray diffraction patterns of cation-
exchanged zeolite (13X).
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Fig. 4. The X-ray diffraction patterns of cation-
exchanged zeolite (SK40).
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Fig. 5. Scheme of proposed procedures for Al-O
bond breakage.
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Y8 Rol= X3 Al &eo|BolA o] ZArt oS
FrzA Jepdo =23 gHAFoEAEs ¢
Na*, Ca* % Fe?* 9] 79 X3 A g&ejo)E2] 7} A=
AAA AR AN 01-02eV HE2] v]Ag 2
o) & el xnt Yol M= 2 WaE 8 571 gich
a2} o] A% A=A A} Fese] 0.1eVal
g A7 o PG T o]5lY o} 2h2- Wt
slgleglz) o AFI. o9} e Adp= Si dAket Al
Azke] W AR A | EAlshe RS AAAY
A FdFrE A=E Jepile 24U Al &
ehfsle] &5 S R Fa glow FAY
T-O Z33e] Wzl 7114 7dE o + ek o
wbd o2 A gelele FAY T zleld ¢ Al
o) AzAE F oupgggAcd M e ols 3719
AxzE T-0 2% FAA] QgUA shiwakze] 4%
o FoisiA =Hw Aagoz A0 Aje Ze|A A
)} Al 12 2 A o 2= Aslzh ®ep oFAl - (more
positive) o] o] atZ Al LA W] 2, A% Az}
E2 tS e dF ez Ze|A sHo & HAAF
A= 2 7HAA =He}27]. 2y 2LFu|Fe] Ao
vha 2AY A Al A0 A o] FsllAd 1 w7}
Hol Al 9219 FA e 2, A% AHAREL A2
FoliA7h e8] FolxAl ol EI JlRAILE
FAo 2 AlO-Si AitoA] §F A0 Age] <
AR A0 Ao FAPA stmAtae] vz
AALgo) olFdte Si-0 AFPAY AAYEE FA

Table 2. Binding energies (Ey) of ion-exchanged
zeolite X and Y

EgfeV) 13X SK40
lon Al2p)  Si(2s) Al2p)  Si(Zs)

Na+*-exchanged 75.0 153.1 74.2 153.6
Ca2+-exchanged 74.8 153.2 74.2 153.6
Fe2+-exchanged 74.7 153.2 74.2 153.6

Fe2+/Fe3+- 74.3 153.6 73.6 153.7
exchanged (2/1)
Fe3+-exchanged - 154.5 — 154.3
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Ages RG] Wsks AstA Wae &
%+ 9k,
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