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Aluminophosphate and silicoaluminophosphate materials of the sodalite
structure type with manganese have been synthesized. A comparative study
of AIPO4-20, AIPO4-20(Mn), SAPO-20, and SAPO-20(Mn) properties has been
carried out by using the X-ray powder diffraction analysis, SEM, qualitative
EDAX-micro analysis, chemical and thermal analysis, IR, EPR and diffuse
reflectance spectroscopy. Chemical modification of AIPO4-20 with mangane-
se and silicon leads to changes in the cubic unit cell parameters and in the
thermal properties. The EPR and DRS data for as-synthesized AIP04-20(Mn)
and SAPO-20(Mn) materials show the presence of octahedrally coordinated
non-framework Mn, while the unit cell parameter data and the thermal be-
haviour of the samples are not so conclusive regarding the location of Mn.

INTRODUCTION

Crystalline, microporous aluminophosphates (AIPO,-n)! and AIPO4-based molecu-
lar sieves with one or more additional elements incorporated into the framework?? are
very interesting materials because of their catalytic and adsorptive properties and also
because of the remarkable diversity in their crystal structures. Incorporation of addi-
tional elements into the AIPO, framework led to the discovery of new structures and
gave new possibilities of controlling the catalytic and adsorptive properties of these
materials. Synthesis and characterization of the named materials have been extensive-
ly investigated. However, the number of papers on this theme is still increasing.

Aluminophosphate-based materials having the sodalite structure* have been syn-
thesized with tetramethylammonium hydroxide template.!® The synthesis, the influ-
ence of manganese and silicon on the physicochemical properties of aluminophos-
phates with the sodalite structure and the Mn coordination are presented in this work.
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EXPERIMENTAL

Reagents

Silica sol (30% Tosil, Nestemice) was of a technical grade. H3PO4 (85%, Kemika-Zagreb),
manganese(Il) acetate (Kemika-Zagreb), manganese(II) sulfate (Merck) and aluminium isopro-
poxide (98%. Aldrich) were pro analysi. Tetramethylammonium hydroxide (25%, Fluka) was of
a practical grade. Pseudoboehmite (69.4% Al203) was prepared according to reference 8.

Instrumentation

The X-ray powder diffraction analysis was carried out on a Philips PW 1710 diffractometer
with CuKe radiation and in the range 28 of 4-70 °. The unit cell constant of the synthesized
materials was determined with a-quartz IMSIL-A-25, 1.1 um (99.5+0.5% SiOs, Illinois Mineral
Co., U.S.A) as internal standard at the scanning rate 0.24 ° 29 min~!. Thermal analysis was per-
formed in air using thermal analyser (Mettler 2000C model) under the following experimental
conditions: flow of dry air 2.1 1 h™!, reference compound a-Al203, sample holder platinum cru-
cible, temperature range 25-1000 °C, heating rate 10 °min~!. For some samples, the thermal
analysis was repeated in static air atmosphere on a Du Pont 2000 instrument. IR spectra were
recorded on a FTIR Digilab-FTS-80-type spectrophotometer in the 4000-400 cm™! region with
KBr pellets. Diffuse reflectance spectra were obtained on a Varian DMS 80 UV-VIS spectrophoto-
meter in the 750-200 nm range, with teflon as standard. EPR spectra were measured on a Varian

. E-9, 9.3 GHz instrument (scan range 400 mT, field set 330 mT, modulation amplitude 0.4 mT,
microwave power 40mW and gain: 20, 200 and 400). Varian »Strong Pitch« was used as standard
to determine the concentration of paramagnetic centres. Polycrystalline radical diphenyl-picryl-
hydrazyl was used to determine g-values. Characterization of the spectra was made by a com-
puter program for variation of the broadness of individual hyperfine components. EDAX (energy
dispersive analysis by X-ray) microprobe analysis in conjunction with SEM was taken on clear
crystals from products with LEITZ AMR-1600 T apparatus.

Quantitative chemical analysis (Si, Al, P were determined photometrically, and Mn by ato-
mic absorption spectroscopy) gave overall product compositions listed in Table IL

The SEM micrographs of samples were obtained with a JEOL JSM-T 220 apparatus.

Synthesis

SAPO-20 and SAPO-20(Mn) samples were synthesized according to procedures described in
Union Carbide patents.2'7 AIPO4-20 synthesis was based on the description given in example 47
of the Union Carbide patent;1 and also on information from the literature.® A similar procedure
was used for AIPO4-20 modified with manganese. Detailed experimental data are given in Table
I. Hydrothermal crystallization from reactive gels was carried out in stainless-steel teflon-lined
laboratory autoclaves (volume 50 cm®), without stirring, varying the time (1-5 days) and
temperature (125-195 °C) of crystallization. Washed and dried samples were calcined in air at
500 °C for one hour.

RESULTS AND DISCUSSION

X-ray powder diffraction patterns of as-synthesized materials indicate that the
materials possess the sodalite structure. Crystalline and phase pure samples have been
analyzed. SAPO-20 materials attain the highest crystallinity. Similar materials which
contain manganese (designated as SAPO-20(Mn)) attain about 45% of the SAPO-20
crystallinity. The lowest crystallinity (about 25% of the SAPO-20) is characteristic for
AlPO4-20 and AIPO,4-20(Mn) materials. (The method used to obtain the degree of crys-
tallinity is based on the sum of the intensities of ten strongest reflections).

Chemical composition of the selected materials is listed in Table IL It is evident
that the Si content in the SAPO-20 materials increases with increasing the Si content
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TABLE I

Synthesis conditions

Gel composition (molar oxide ratios)* Crystallization
Sample Type of (TMAOH)m:(AlxPySizMnw)O2:(H20), T Time
No. product - % y z - 0 oc
12 AlPO4-20 0.25 0.50 050 O 0 12.5 160 40 h
2bde  A1P04-20(Mn) 025 040 050 0 0.100 125 195 7d
3858 AlP04-20(Mn) 0.24 0.48 048 0 0.048 11.9 160 40 h
42 SAPO-20 0.50 0.40 0.40 0.20 0 12.0 160 9d
52 SAPO-20 0.30 0.40 0.40 0.20 0 10.0 160 3d
62 SAPO-20 0.30 0.30 0.30  0.40 0 10.0 160 3d
7? SAPO-20 0.30 0.20 0.20 0.60 0 10.0 160 3d
8?2 SAPO-20(Mn) 0.23 041 0,41 0.14 0.045 114 195 5d
gb SAPO-20(Mn) 0.23 0.20 035 0.37 0.075 11.4 195 5d
10° SAPO-20(Mn) 0.23 0.30 040 0.25 0.050 11.4 195 5d

* Al203 source was pseudoboehmite (a) and aluminium isopropoxide (b), X+y+z+w = 1.
¢ Gel was previously aged at 0 °C for 2 days.

B AlPO4-20(Mn) contains impurity (AlPO4-berlinit.e).9

¢ MnSO4 was used instead of Mn(II)-acetate.

TABLE II

Chemical composition of the as-synthesized samples

H20 Organic Approx.
iﬁ)mple Oxide composition content? content? molecules/cage?®
(g/g) (g/2) H20 TMA
1 (Alo.55P0.45)02 0.078 0.127 2.0 0.8
3 (Alo.47P0.49Mng.04)O2 0 059 0.085 1.4 0.5
4 (Sio.18Al0.48P0.34)02 0.023 0.080 0.5 0.4
5 (Sio.17Al0.50P0.33)02 0.024 0.143 0.6 0.8
6 (Sio.27Al0.42P0.31)O2 0.036 0.080 0.8 0.4
7 (Sio.23Al0.50P0.27)02 0.018 0.100 0.4 0.5
8 (Sio.13Al0.42P0.40Mno.04)02 0.047 0.078 1.1 0.4
9 (Sio.41Al0.19P0.32Mno.08)O2 0.030 0.078 0.7 0.4
10 (Sio.28A10.3000.37Mno.05)02 0.015 0.150 0.4 0.9

2 From TGA and DSC

in the synthesis mixture (Table I, samples 5-7). On the other hand, the Si content in
SAPO-20 in sample 7 is only 0.23, although this value is 0.60 in the gel. The pH value
of the synthesis gel is between 8.2-8.5. Further comparison of the Si content in SAPO-
20 (sample 4) and SAPO-20 (sample 5) prepared from gels with different TMAOH con-
centrations (pH = 8.2-9.4 and pH = 6.0-7.2, respectively) suggests that there is a rela-
tionship between the TMAOH concentration in the reaction mixture and the amount
of Si in the SAPO-20 materials. The higher content of Si in SAPO-20 (sample 4) can
be explained by a better solubility of SiO; in alkaline reaction medium and by the in-
fluence of a higher TMA concentration on the connection of SiO, tetrahedra.!® It se-
ems that a too low (TMAOH/SIO,) ratio in the gel (Table I, sample 7) limits the so-
lubility of SiO; and this could be the reason why SAPO-20 with the highest Si-atom
fraction can be prepared according to the synthesis conditions for sample 6 (x=y=0.30,
2=0.40, m/z=0.75 and pH between 7.0-7.8).
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Compositions of the synthesized SAPO-20 materials suggest possible isomorphous
substitution mechanisms (SM). The theoretically possible SM in SAPO-n materials
are:2!! SM1 (Si+Al), SM2 (Si-+P) and SM3 (2Si-Al+P). The predominant one appears
to be SM2, but SM3 may also appear. The nature of the SM and the extent of Si in-
corporation depend on the synthesis conditions. It seems that in SAPO-5 synthesis,
the pH of the system determines which of the SM2 (at low Si) or (SM3 +SM2) prevail.!!
A thorough study of three SAPO-20 materials has been done to investigate the mec-
hanisms of Si substitution into the hypothetical aluminophosphate framework.® In two
SAPO-20 samples (SM2 +SM3) has been proved. In spite of 13C, 29Sj, 27Al and 3'P NMR
studies, the SM in one of SAPO-20 materials still remains unclear. The chemical com-
position of our synthesized SAPO-20 materials (Table II) suggests also SM2 because
in all cases the T-atom fraction of Al is higher than that of P. Only the composition
of SAPO-20 (sample 6) suggests also SM3, since T-atom fractions of Al and P are both
lower than 0.50. It is interesting that (SM2+SM3) seems to appear in the sample with
the highest T-atom fraction of Si. (It is known that the contribution of SM3 seems to
be possible only under specific synthesis conditions and leads to a certain Si loading!?).

To obtain the unit cell parameters of as-synthesized and calcined samples, the
XRD data were analyzed by the TREOR!?2 and PARAM!3 programs. A cubic unit cell
for as-synthesized AIP04-20, AIPO4-20(Mn), SAPO-20, and SAPO-20(Mn) is given
(Table III). Comparison of the unit cell parameters with those reported for AIPO,-20
(a,=8.933 A), and SAPO-20 (a,=8.958 A)! leads to the conclusion that the presence
of Mn and Si slightly expands the unit cell although the symmetry of the system does
not change. The cubic symmetry of the sodalite structure is retained even after cal-
cination, except in samples 7 and 9. The large change in the unit cell volume for the
SAPO-20(Mn) materials can be explained by taking into account EPR and DRS meas-
urements (see Table IV and V). These data show the presence of octahedrally coor-
dinated manganese atoms which are probably located in the pores and the presence
of these Mn-entities can be the reason for the relatively large change in the unit cell
volume.

Figures 1, 2 and 3 show the TGA, DTG and DSC results, respectively, for alumi-
nophosphate gel, AIPO4-20, AIPO4-20(Mn), SAPO-20, and SAPO-20(Mn). Differences
in the thermal behaviour of these samples are substantial. Weight losses of water (25—

TABLE 111

Unit cell parameters and unit cell volumes of as-synthesized samples:
AlPO4-20, AIPO4-20(Mn), SAPO-20, and SAPO-20(Mn)

Sample e of product As-synthesized

No. Tpe viE a(d) v (&%)
1 AlPO4-20 8.9397 (8) 714.5 (2)
3 AlPO4-20(Mn) 8.969 (1) 7214 3)
4 SAPO-20 9.0325 (3) 736.91 (8)
5 SAPO-20 9.0062 (2) 730.52 (6)
6 SAPO0-20 9.0251 (3) 735.11 (7)
1 SAPO-20 9.0358 (2) 737.74 (6)
8 SAPO-20(Mn) 8.9945 (7) 727.7 (2)
9 SAPO-20(Mn) 9.0807 (3) 748.80 (7)
10 SAPO-20(Mn) 9.028 (2) 735.8 (4)
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Figure 1. Thermogravimetric analyses: (a) aluminophosphate gel, AIPO4-20, AIPO4-20(Mn) and
(b) SAPO-20 (sample 5), SAPO-20(Mn) (sample 8).

200 °C) and template (350-700 °C) in the gel are about twice as high as in AIPO,-20
and AIPO4-20(Mn) samples. The DTG and DSC curves correspond in shape and posi-
tion of peaks for all three samples, indicating that there are no phase transitions
present in the temperature interval between 25 and 700 °C. The DTG and DSC curves
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Figure 2. Differential thermogravimetric analyses: (a) aluminophosphate gel, AIPO4-20, AIPO4-
20(Mn) and (b) SAPO-20 (sample 5), SAPO-20(Mn) (sample 8).

for the gel sample show two distinct peaks (DSC-endotherms) due to water loss at abo-
ut 80 °C and 110 °C, a small peak (DSC-endotherm) at about 280 °C, and four succes-
sive peaks (DSC-exotherms) at about 410 °C, 460 °C, 480 °C and 610 °C due to oxidative
decomposition of TMA. The peak at 460 °C is sharp and strong, the other peaks are
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Figure 3. Differential scanning calorimetric analyses: (a) aluminophosphate gel, AIPO4-20,
AlP04-20(Mn) and (b) SAPO-20 (sample 5), SAPO-20(Mn) (sample 8).

more broadened. The TG and DSC curves of AIPO4-20 have a single broad peak (DSC-
-endotherm) at about 120 °C due to water loss, a small peak (DSC-endotherm) at about
265 °C and successively two broad peaks (DSC-exotherms) at about 370 °C and 520 °C,
indicating that the decomposition of TMA in AIPO,-20 sample begins at a lower tem-
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perature than in the gel sample. Also, decomposition steps of TMA are less distinct
in AIPO4-20 than in gel. DTG and DSC curves for AIPO4-20(Mn) sample resemble tho-
se for AIPO-20, except that there is an additional DTG peak with the onset at about
850 °C belonging to decomposition of possibly occluded MnSO,4. The DSC water loss
peak at about 120 °C and the two TMA decomposition peaks at about 365 °C and 500
°C have much lower intensities than for the AIPO4-20 sample. There is also a medium
strong endotherm present, with a peak at about 570 °C that belongs to the decomposi-
tion of TMA. This peak can be ascribed to the endothermal coke-forming reactions of
hydrocarbon entities, formed in the first stage of decomposition of TMA, on the acidic
centres present due to Mn incorporation into the framework of AIPO,4-20. The TG wei-
ght losses in the temperature interval 25-950 °C for AIPO,-20 and AIPO4-20(Mn) are
comparable (20.85 wt% and 19.44 wt%, respectively). The AIPO4-20 sample was white
after the thermal analysis, while the AIPO4-20(Mn) sample became dark due to coke
deposition. It is interesting to follow the thermal behaviour of SAPO-20 and SAPO-
20(Mn) samples. The weight loss of SAPO-20 can be divided into three stages. The first
stage in the temperature interval between 25 °C and about 430 °C belongs to gradual
loss of water. DTG curve shows a broad low-intensity peak at about 280 °C and the
DSC curve also shows a broad low-intensity peak at about 270 °C. The second and the
third stages belong to the decomposition of TMA in the temperature interval between
460 °C and 710 °C. DTG curve shows a relatively narrow strong-intensity two-peak
range between 460 °C and 590 °C, with peaks located at about 510 °C and 570 °C and
a broad low-intensity peak range between 590 °C and 710 °C with the peak located at
about 620 °C. The DSC curve shows a low-intensity medium broad endotherm at about
450 °C that continues into the low-intensity sharp exotherm at about 500 °C. This ex-
otherm is not fully developed since it is overhelmed by a strong and sharp endotherm
at about 545 °C. Like for AIPO4-20(Mn), it can be stated that this endotherm belongs
to the coke-forming reactions of hydrocarbon species, formed during the decomposition
of TMA, on the acidic centres formed due to the Si incorporated in the framework.
The sample was black after thermal analysis. For SAPO-20 samples, the number and
the temperature range of thermal effects depend on the oxide composition of the sam-
ple. Sample 7 exhibits the lowest thermal stability. The thermal decomposition of TMA
and the gradual decomposition of the sodalite structure to amorphous material are si-
multaneous processes. The SAPO-20(Mn) TG curve shows a water loss region between
25 °C and 450 °C, and again the subsequent two-stage region belonging to TMA decom-
position in the temperature interval between 470 °C and 710 °C. DTG curve shows a
broad low-intensity peak at about 270 °C due to water loss and the same can be said
for the DSC curve, which has a broad low-intensity endotherm at about 270 °C. DTG
curve in the region of TMA decomposition shows a very sharp and strong peak at
about 520 °C and a broad low-intensity peak at about 580 °C. The DSC curve shows
also a strong and sharp exotherm at about 520 °C and the onset of a second exotherm
at about 610 °C. There are no endotherms present in the temperature interval of TMA
decomposition. Since the change of colour after the thermal analysis was not so drastic
as for SAPO-20 sample, one can conclude that there are less strong acidic centres pre-
sent in the SAPO-20(Mn) sample than in the SAPO-20 sample. Since both samples
contain a considerable amount of Si incorporated into the framework, it can be con-
cluded that Mn in SAPO-20(Mn) is not incorporated into the framework but rather
forms Mn-entities in the cages that block the acidic centres of SAPO-20 due to Si in-
corporation into the framework. However, the data are not conclusive enough to state
that none of the Mn is incorporated into the framework of SAPO-20(Mn). Only in
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sample 10, the additional exothermal effect with accompanying weight loss appears in
the temperature interval 240-285 °C. It can be ascribed to the decomposition of acetate
in air atmosphere due to occluded manganese acetate species. It is interesting to note
that sample 9 with the highest content of Si and Mn has the lowest thermal stability,
which is confirmed also by the XRD analysis of the sample after thermal analysis. Pow-
der diffractograms of materials calcined at 600 °C show a considerable degradation
(samples 4-6) and/or appearance of a dense phase® (samples 3, 8, 10). The crystal struc-
ture is retained only in AIPO,-20. From the weight loss due to water desorption and
TMA decomposition, the approximate number of water and TMA molecules per soda-
lite cage was calculated (Table II). The calculation was based on the TO, concept,!®
and the fact that sodalite ideally gives one TMA per cage.%16

Our observation about the position of the IR bands in the structural region (400
1400 cm!) for AIPO4-20 (1136, 1105 cm-!) and SAPO-20 (1111, 1060 cm™!, sample 4)
materials is in agreement with literature data.® The broad IR band in the region 1000-
-1100 cm! is characteristic of zeolite materials!” and has been assigned to the asym-
metric stretching of tetrahedra (v,). In AlPO4-20 and SAPO-20, the position of v,
band is shifted to a higher wavenumber because of the changes in the mean T-O
bond.!® A similar conclusion is valid for AIPO4-20(Mn) (1146, 1078 cm~!) and SAPO-
-20(Mn) (1111 cm™!). The characteristic peak at 951-957 cm~!, which may be attri-

buted to C-N band in the quarternary ammonium compounds (TMAOH),!® appeared
in all synthesized materials.

On scanning electron micrographs of the as-synthesized samples (Figure 4), sphe-
rulites prevail. In AIPO,-20 polycrystalline aggregates of spherules (1 um) were obtai-
ned. SEM of AlIPO,4-20(Mn) show spherulites (3-6 um) and intergrowths of crystals.
AlPO4-20 and AIPO4-20(Mn) materials have been prepared from gels which were aged
prior to the crystallization (known method for preparing A1IPO,-20 without impurity®).
Aging of the gels at low temperature before crystallization is a method that possibly
leads to a decrease of the final crystal size, because crystal growth is prevented and a
large number of nuclei is formed.!® The uniformly shaped spherulites (15 um) are in
SAPO-20(Mn), sample 8.

In the EPR spectra of manganese in as-synthesized A1IPO4-20(Mn) and SAPO-
-20(Mn), the hyperfine structure is not evident,?’ which was ascribed to the locally high
manganese concentration.?! AIPO4-20(Mn), SAPO-20(Mn) and gels with very low con-
tents of Mn (0.001 wt%) were prepared instead (Table IV). In their EPR spectra, there
are six resolved hyperfine lines with a mean distance of about 9.3 mT (Figure 5), cor-
responding to octahedral??>25 Mn?*. The comparison of our results with the MnAPO-5
EPR measurements?® confirms the existence of octahedral non-framework manganese
as well. After the calcination of the samples, the EPR spectra show the prevailing carb-
on radical, which hinders EPR comparative study of as-synthesized and calcined
AlPO,4-20(Mn) and SAPO-20(Mn).

The diffuse reflectance spectra (Figure 6) of the as-synthesized samples and ref-
erence manganese compounds show several bands (Table IV). The band intensities of
tetrahedral Mn?* in the prepared [(C,Hs)sN],MnCl;?5 are higher than the intensities
of octahedral Mn?* in MnCl,.4H,0 and this is in agreement with the literature
data.?’?8 The observed band intensities and positions in the DR spectra of AIPO,-
-20(Mn) and SAPO-20(Mn) show the presence of octahedrally coordinated manganese.
The narrowest band is at 406 nm.
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TABLE IV

Concentration of paramagnetic centres in prepared samples20

R Descripti ¢ BFR
No. ption (mol/cm?) spectra
11 amorphous gel: TMAOH-Al203-P205-50H20 0 1)
12 mixture of amorphous gel + MnSO4.H20 1.4. 1077 2)
13 mixture of amorphous gel + MnSO4.H20 8.6. 1078 2)
6 SAPO-20 0 1)
6b SAPO-20, impregnated with soln. of MnSO4 3.7. 1077 4)
6c SAPO-20, calcined and impregnated with soln. not determined 3)
of MnSO4
3a AlP04-20(Mn) 5.0. 108 4)
8a SAP0-20(Mn) 1.6. 1077 4)
1lla aluminophosphate gel containing Mn 5.4. 1078 4)
1) The sample contains impurity (»free« Fel* jon) 3) Carbon radical 10-8 mol/cms.
2) Without hyperfine structure. 4) Octahedrally coordinated non-framework Mn. 2225

a b

5 e 16389

Figure 4. Scanning electron micrographs of (a) AIPO4-20 (sample 1), (b) AIPO4-20(Mn) (sample
3), (c) SAPO-20 (sample 4) and (d) SAPO-20(Mn) (sample 8) crystallized;
a,c,d) under conditions in Table I, b) aged 2 days at 20 °C and then crystallized in 16 hours at 160 °C
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Figure 5. EPR spectra recorded at -133 °C, of some samples (Table IV);
(sample 6b) SAPO-20 impregnated with solution of MnSO4

(sample 3a) AIPO4-20(Mn)

(sample 8a) SAPO-20(Mn)

(sample 11a) aluminophosphate gel containing Mn

TABLE V

Observed bands position in the diffuse reflectance spectra of some AIPO4s-20(Mn)
and SAPO-20(Mn) samples and of the reference manganese compounds

Sample/No. Colour Position of the maximum, nm

gel (see Table I, sample 8) 365(sh), 406, 419(sh) 442(sh)

AlPO4-20(Mn), sample 3 whit wde 333(sh), 368(sh), 406, 418(sh), 442(sh), 530(sh)
SAPO-20(Mn), sample 8 € powders 339(sh), 367(sh) 406, 419(sh) 439(sh) 510(sh)
SAPO-20(Mn), sample 9 335(sh) 365(sh) 406, 419(sh), 440(sh), 560(sh)

MnCl2:4H20 pale pink 330, 351(sh), 395, 413(sh), 437(sh), 531(sh)
[(C2H5)4N]2 MnCl4 pale yellow-green 350, 369(sh), 425, 440, 462(sh)

sh = shoulder

CONCLUSIONS

Aluminophosphates and silicoaluminophosphates having the sodalite structure
have been synthesized: AIPO4-20, AIPO,4-20(Mn), SAPO-20, and SAPO-20(Mn). The
chemical modification of AIPO,;-20 materials with Mn and Si influences the changes
in the cubic unit cell dimensions and also affects the thermal stability: AIPO,-20 >
SAPO-20 > AlPO,-20(Mn), SAPO-20(Mn). The oxide composition of SAPO-20 affects
the number and the temperature range of thermal effects belonging to TMA decom-
position and also affects the thermal stability of the sodalite structure. As compared
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Figure 6. Diffuse reflectance spectra of (a) reference manganese species (A, MnCl2.4H20; B,
[(C2H5)4N]12MnCly) and (b) amorphous material containing Mn, as-synthesized A1PO4-20(Mn)
(sample 3, Table I) and SAPO-20(Mn) (samples 8 and 9, Table I).

to the SAPO-20 materials, the thermal effects in all SAPO-20(Mn) are sharper, and
their temperature range is narrower. All of the prepared SAPO-20 and SAPO-20(Mn)
materials have a TMA/cage ratio lower than one and are dark coloured. The EPR and
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DRS data show the presence of octahedrally coordinated non-framework Mn and the
presence of these Mn-entities can be the reason for the relatively large change in the
unit cell volume and the thermal properties of AIPO,;-20(Mn) and SAPO-20(Mn) ma-
terials. However, the unit cell parameter data and the thermal behaviour of the sam-
ples are not conclusive enough to state that none of the Mn is incorporated into the
framework of AIPO,;-20(Mn) and SAPO-20(Mn).
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POVZETEK

Vpliv mangana in silicija na nekatere fizikalno-kemijske lastnosti alumofosfatov
s sodalitno strukturo

J. Batista, V. Kauéi¢ in S. Hodevar

Sintetizirali smo alumofosfatne in silikoalumofosfatne materiale sodalitnega strukturnega
tipa, ki vsebujejo mangan. Izvedli smo primerjalno studijo lastnosti AIPO4-20, AIPO4-20(Mn),
SAPO-20, SAPO-20(Mn), z rentgensko praskovno difrakcijsko analizo, vrsti¢no elektronsko mi-
kroskopijo, EDAX-mikro analizo, kemi¢no in termiéno analizo, IR, EPR in z DR spektroskopsko
analizo. Kemiéna modifikacija AIPO4-20 z manganom in silicijem vpliva na spremembe parame-
trov kubi¢ne osnovne celice in na termiéne lastnosti materialov. EPR in DR spektroskopske me-
ritve sintetiziranih AIPO4-20(Mn) in SAPO-20(Mn) materialov kaZejo oktaedri¢no koordinirani
mangan, Ki ni vgrajen v alumofosfatno oziroma silikoalumofosfatno resetko. Parametri osnovnih
celic in termiéne lastnosti teh vzorcev pa ne omogaéajo nedvoumnih zaklju¢kov o lokaciji Mn.
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