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Abstract

Dealumination (DA) of Na=-¥Y zeolite with EDTA was studied
by means of the IR lattice vibration spectroscopy. Spec-
tral criteria of DA are considered and & mechanism for
DA is proposed as based on the structure-chemical pecu-
lierities involved in chelating of framework Al with
EDTA. This produces lowering of the symmetry of termi-
nal Si0;0(H,Na) tetrahedra forming at the sites of Al
expulsion, which are dehydroxylated under disiloxane
bonds formation on DA at 373 X, Prolonged aging of the
gsemples dealuminated at 373 X, unlike those dealuminated
at 293 X, results in the regeneration of the initial sym~
metry of 8104 tetrahedra.

Deelumination (DA) of zeolites with ethylene diamine tetraacetic
acid (EDTA) has become a matter of much research and practical appli-
cation, However, the stiructure~chemical peculisrities involved in
the DA of zeolites with this reagent are far from being completely
gstudied. In accordance with the widely accepted mechanism for the DA
of godium zeolite ¥ with EDTA (ref. 1), it is water molecules that are
considered dealuminating a framework through the hydrolysis of Al-0-3i
bonds under the formation of Al(OH){, while EDTA molecules are congi=-
dered playing the role of catiogic+sublattice modifiers due to the de-
cationization by those of (A10,) Na sites and the formation of Na,EDTA
which then exchanges one Na* cation for A1(OH); to yield NaAlEDTA-H,0
removeble from crystals. The summation equation of the process,
?hich i§ eagily deduced on the basis of the equations presented in

ref, 1) as :

58i-0 ,* =5i-0
- Na | Hz0 . H )
EDTA + —§L—0—AI& - O—SIL— ——~ NaACEDTA+H20 + =Si-0H ’ HO-$iE
| o-sis 0-Si=

does not reveal the "personality" of EDTA as deesluminating agent, for
it closely corresponds to the equations reported (ref. 2) for the DA
of zeolites with other different chemical agents, Hitherto, little

attention has been pald to inveastigating the role of the temperature
factor of DA with EDTA, with the latter being proposed in (ref. 1) to
perform by & rapid-addition technique, i.e., by stirring for 6 h the
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mixture of EDTA and a slurry of zeolite in water, and by a slow-addi-
tion one, i.e., by addition of EDTA to & boiling zeolite slurry during
18 h using Soxhlet extractor. The greater crystallinity, cyclehexene
sorptive capacity and thermostability of the slow-addition products
a8 compared to the same of the rapid-addition ones was interpreted as
a result of different rate of addition of EDTA to sodium zeolite ¥
without congideration of the temperature factor of DA.

In the present work, an attempt was made to contribute to the clarifi-
cation of these questions using the IR lattice vibration spectroscopy
a8 a method providing valuable information on the crystal structure
local rearrengements occuring in very early stages of different struc-
ture-chemicel modification processes, i.e., when the "patches" of
changed structure are of only 2-54 in size (ref. 3), while X-ray me=-
thod needs "patches" of 80A in size to be able to start with detect-
ing crystal structure rearrangements (ref. 4).

IR spectra were recorded using 0.3% KBr platelets on a Bruker IFS-115c
Model FI-IR spectfometer over the range of 400~ 1250 em™? under a re-
solution of 2 em™*., The samples investigated were dealuminated forms
of a synthetic Na-Y zeolite obtained by treating this with EDTA under
the conditions proposed in (ref. 1). Additionally, a "rapid" DA at
373 K was performed due to stirring reagents in a thermostat for 6 h.
Characteristics of the samples investigated are collected in Table as
determined for freshly prepared samples.

TARLE., Characteristics of the samples investigated.

Chemical composition, Unit
Sample The DA technique in moles per ; mole of A1203 Degree ;z%i_
Na,0 810, “H,0 H,0/510, of DA getep

09
1 Na"Y 1003 5013 9¢12 1978 O 24‘-67
2 rapid, 293 K 0.91 9.14 12,59  1.38 44 24.64
3 slow, 373 K 0.95 9.42 11.90  1.25 45 24,53
4 repid, 293 K 1,08  9.05 14.22  1.53 43 d(gi.gg
Cg slow, 373 K 0.96 10.09 11.20  1.08 49 24.54
(24.49

dmeasured for the samples dealuminated at 293 and 373 K after expo-
gition of those to the same atmospheric ambient.

6calculated by diffractograms obtained on a "Simens" D-500 Model
diffractometer.

®were dealuminated 12 years ago.
ddetermined for the eged samples.

Dealumination of Na-Y zeolite with EDTA at 293 and 373 X is seen from
Fig. 1 (spectra 1 -3) to produce the structure changes which are esse-
ntially similar beiween the corresponding samples 2 and 3, and are de-
tected by following spectral features;

— the HF-ghift of the freamework modes, with the VasTOy one,(T=Si,Al)
exhibiting the shift by =10 cm~las & result of lowering the excessive
negative charge of the framework (ENCF) (ref. 5),

-~ the decrease in intensity of the Y-type zeolite giructure characte-
ristic modes at 509~ 512 cm ! (ref. 6), 582~ 583 cm~! (ref. 7) and that
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of the band at T20=-726 enifattributable to Al-0 vibrations in Si-0-Al
bridges (ref. 8),

Tattributable to Vs S104 ( ref.9)

—~ emergence of the band at 652 cm™
— complication of the Y, T0; region due to arising of new bands at
1085 -~ 1090 and 1202 - 1208 cm™1,

The first three criteria of faujasite DA are universal (ref. 10),
while the latter is specific for the DA with EDTA, hence needs a de~
tailed consideration to provide information on the role of EDTA as a
dealuminating agent.

Arising of new bands in the T-0 stretching vibration region is well
known to evidence the formation of & new crystalline phase and/or
lowering of the symmetry of TO4 tetrahedra (ref, 11). Since the po-
gition of newly formed bands closely corresponds to that of the
YasSiOy bands in crystelline SiOz polymorphs spectra (ref. 11), itis
reasoneble to agsume that such phase 1s present in the dealuminated
samples But the absence in the & T0s region of the bands at 470 -
480 cm? characteristic of such phase (ref. 11) provides evidence for
no foreign phase formation in these samples. Therefore, the observed
complication of the V45704 region 1s to be ascribed to lowering of
the symmetry of & part of SiO; tetrahedra which might result from lo-
cal structure deformetions on DA with EDTA.

729 800
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Pig. 1 Fig. 2

Spectra of the samples 1- 3 and of Spectra of the samples 4 and 5
the product of rapid DA at 373 K of calcinated at 873 K (47,57),
Ne-Y zeolite to the degree of

45% (37).

Originating of structure deformations seems realistic when taking
into eccount the specific properties of EDTA end its chelates with
Me®* cations. Indeed, to form a chelate NaAlEDTA-H,0 (ref. 1), the
cyclic structure of which is constrained due to the strong deformati-
on in the plane =N-(CHz); ~-N- of & chelatic cycle, including two
rings =N-CO-0- with their angles exhibiting a significant deviation
from normal values, EDTA molecules have to undergo a trans-cis confor-
metional transition facilitated by the substitution of carboxyl gro-
ups protons for Na*, to be able to chelate polyvelent cations (ref.12)
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In this respect, it seems reasonable to represent the zeolite DA
procedure as follows. When entered a large cavity, EDTA molecule de-
cationizes two (AlQ, ) Na* sites, thus changing configuration and dea~
luninates thereafter one (ref. 1) of the decationized sites:

COOH
CHz COOH € 00N COOH _
N “(eH) /éHz | ESL—? Ne | (';Hz éHz I%SL—(IJ HE
- N\ 7 X .
9742 CHa 2\N\CH2 +2 -SL—O-A' ~0-5i- — cﬁN\(CH ),/v\ cy T2 -sle_o-Ale’-o-le—
| .. 2 2 ‘e
COOH éOOH O—SL< 00H 2 COONG 0‘3(.:
(O0Na ?ooH o coo 120 00c
< e 0w He0 K c/gooy‘. ¢ brg | DSiOH
—Si-0-A6—0—g; - H20 H ) |
c/].'A:\(CHa)Z/N\CHz + Slb—o Ale 0 S[L * \/\'/V \/V/ 2 + =Si-0Ma HO-Si~
—Cf= ~ .
(':OOH (':oo/va 0-Si= (CHz)z/ NCHy =35(-0H
O0Na
The summation equation is :
>3 it Ha0 2860 e 3SicoH
m”+2#“ﬁﬂhﬁﬁ—-—-MMCWM'WO+—%wﬂum&-+;amm;wﬁL
O-si= =Sis =5;-0H !

Due to the scheme propoged, the formation of NeAlEDTA'H,0 molecule,
with its ~C00 groups being sterically constricted on "holding" alu-
minium, is preceded by the proper orientation of three corresponding
framework bonds at the decationized sites, in order that a geometri-
cal and energetical fitting of interacting groups was achieved.
After the extraction of Al those framework bonds remain deformed %o
a certain extent, thus causing the above mentioned lowering of termi-
nel 3i030(H,Na) tetrahedrae symmetry. The latter is supported by the
2931 MR data revealing that on DA of sodium zeolite Y with EDTA, an
appreciable broadening of the signels along with the change in their
profiles occur as indicating of the distortion in the short range en-
vironment of tetrahedral Si atoms at the dealuminated sites of the
zeolite framework (ref. 13). The formation of terminal Si-0(H,Na)
groups at the dealuminated sites isg identified by the emergence of a
LP-ghoulder on the most intensive ¥ T~0 band with its maximum at

= 920 cm™? (spectrum 2) cheracteristic of 3 Si-O(H,Me*) vibrations
(ref. 9). The ebsence of such absorbance bands in the specira of the
samples dealuminated at 373 K, either by the slow~-addition technique
(spectrum 3) or by the rapid-addition one (spectrum 4), enables one
to conclude that the interaction of terminal groups under the Si-0-Si
bridges formation is the case during the DA process at elevated tem~
peratyres. Additionally, & close similarity between the spectra 3
end 3 argues in favour of that fact that the rate of EDTA addition
to a zeolite at a given tempersture is hardly likely to influence the
gtructure of final products.

The formation of siloxeane bridges on DA at 373 K brings sbout & merk-
edly pronounced hydrophobization of the products obtained. Ag is
geen from Table, the content on moleculer adsorbed water on the samp-
les dealuminated at 373 K is in average by 15 - 20% lower than that on
the semples obtained at 293 K. It appears that it is the exchange of
terminal siloxane bonds for bridging ones, known to make the frame-
work T7-0C bonds of stronger covalent charaecter, i.e., to decrease the
proton accepting ceapablility of oxygen hence to increase the hydropho-~
bicity and acidic resistence of the samples (ref. 9), that limits the
degree of DA at 373 K to the obgserved value of 50% zref. 1). Purthe-
more, the samples dealumineted at 373 K are seen from the same Table
to demonstrate a greater reduction of &, &8 compared with the samples
dealuminated at room temperature, thus providing another argument in
favour of the disiloxene bonds formation at the sites of Al expulsion
on DA at elevated temperafure.
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In addition to the difference between the spectra of corresponding
semples 2 and 3 (or 3°) in the ¥ Si-O(H,Na) region, & somewhat lower
intensigy of the above discussed newly formed bands af =1080 and
1200 cm? in the VgsTO; region of the spectrum 3 (or 3°) as compared
to the seme of the spectrum 2 is observed, what may be considered =&
result of the reduction of local structure deformations giving rise
to the regeneration to some extent of the gymmetry of Sil4 tetrshed-
re at the dealuminated sites, at elevated temperatures of DA,

S0, the samples dealuminated to equal degrees at 293 and 373K demon-
strate a siructure-chemiceal non-identity which is most distinctly
pronounced on the eged samples, the spectra of which are shown in
Fig. 2. Comparing of the spectrum 2 of Fig, 1 to the spectrum 4 of
Pig. 2 reveals that aging of the sample dealuminated at 293 K, due
to exposing it for 12 years under atmospheric ambient, produces clos-
ing in frequencies of the two most intensive ¥ T-0 bands as well as
redistribution of their relative intensities i.e., the changes chars-
cteristic of the reduction of accidental degeneracy of corresponding
vibrations. In line with these changes in the syectrum 4 there occurs
a decrease in intensity of the band at = 920 cm-!accompanied by its
narrowing and HF-ghift to ~ 940 cm . The decrease in absorbance in
this region bears evidence for terminel groups at dealuminated sites
to be dehydroxylated on a prolonged aging of the sample, while narrow-
ing and HF-shift of it indicate of the unification of the state of
these groups and of the increase in the relative content on 3i-0(Na)
groups, with the latter lmown to absorb at higher frequencies than
5i-0C HS ones (ref. 14). It is noteworthy that the absence of freque-
ney shifts of most lattice vibration bands in the spectrum 4 of Fig, 2
with respect to the spectrum 2 of I'ig. 1 suggests that aging of the
sample dealuminated at 293 K produces very slight changes, if any, in
its ENCP, what correlates with the X-ray diffraction date revealing
no pronounced change in the value of a, (see Table).

Unlike this, the sample dealumineted at 373 K demonstrates drestic
changes on aging, which are evident from the spectra 3 and 5 of Pig.1
end 2. The changes consist in the submergence of the bands at == 1085
and ~ 1200 cm~? under the fundemental bands at 1037 and 1150 cm'% thus
giving rise to the regeneration of the initial V7O, region "appear-
ence", on the one hand, and in the HF-shift of the lattice vibration
modes, with the YasTOy ones exhibiting the shift by 7 ~10 em™, on the
other hand. As far es the first of these indicates of the reduction
of local gtructure deformations, the second, of the decrease in the
ENCF of the semple. The latter correlates with_the observed reductim
of the unit cell parameter from 24,54 to 24.49 A (see Table). Calci-
nation of such sample in air at 873 K for about 6h enhances both
these effects thus yielding e high-gilica (Si/Al = 5.02) faujasite
gample (Fig, 2, spectrum 5’), the structure of which is much more si-
milar to that of the initisl Ng-Y geolite than the structure of fresh-
ly dealuminated semples 3 or 3 .

Celcination of the aged sample 4 (Fig. 2, spectrum 4°) results not in
the perfection of the zeolite structure, &s was observed in the case
of the sample 5, but in the degradation of this due to the formation
of Si0, polymorph crystallites detected by erising of the band at
476 cm-1iattributeble to & SiOy, accompenied by the noticeable increase
in intensity of the J4¢5104 band at 1090 em™y i.e., by the chenges
known to precede the entire transformation ofa zeolite structure into
that of a SiOz polymorph occuring at higher temperatures of heat trea~
tment (ref. 15). A similar pattern of thermal itransformation of the
crystel structure was demonsirated by both of the freshly dealuminated
samples 2 and 3, unlike the initiel Na~Y sample revealing no silica
polymorph formetion under the same conditions of heat treatment. The
reason for this is that the situation of sodium cations at the sites
of Al expulsion, as is readily demonstrated by the summetion equation
of the presented DA scheme, causes & minerslization of the dealumina-
ted samples structure at the temperatures at which the structure of
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initiel Na-Y zeolite possessing a lower crystelline modulus, Si/Al,
but a normal situation of sodium cations near AlQ, tetreahedra, is
stable.

One can assume that & prolonged exposition to atmosphere of the samp-
les deeluminated at 373 K results in the migretion of sodium cations
from deeluminated sites to their normal crystallographic positions
near AlO; tetrahedra bringing about the regeneration of the initial
short range ordering of both the 5i0, and AlC, tetrehedral units thus
ylelding e high silica faujasgite~like structure. As to the samples
dealuminated at room temperatures, no suchlike regeneration of the
structure under the same conditions appears to account for trapping
sodium cations by the disiloxene bonds being formed on the dehydroxy-
lg;ion of terminal groups, which creates mineralization nuclei (ref.
16).
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