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Synthesis of SAPO-34 Molecular Sieves Templated with Diethylamine
and Comparison with Other Templates
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Abstract: SAPO-34 molecular sieves were synthesized using diethylamine (DEA) as a template. Influencing factors, such as H;PO, content,
H,O content, Al source, and Si source, were investigated. Pure SAPO-34 could be obtained under the following synthesis gel conditions: 0.7
< n(P,0s5)/n(Al,03) < 1.2 and 25 < n(H,0)/n(Al,03) < 100. The Al source has a great influence on the resulting sample composition.
SAPO-34 could also be synthesized using triethylamine (TEA), morpholine (MOR), and a DEA-TEA mixture as template, respectively. The
products were characterized using X-ray diffraction, X-ray fluorescence, scanning electron microscopy, thermogravimetry, and *°Si MAS
NMR. The level of silicon incorporation into the SAPO-34 framework decreased in the following order of SAPO-34 (DEA) > SAPO-34
(MOR) > SAPO-34 (TEA). The Si(4Al) contents in the SAPO-34 frameworks followed the order of SAPO-34 (DEA) =~ SAPO-34 (MOR) >
SAPO-34 (TEA).
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Fig. 1. XRD patterns for samples synthesized with different H;PO,
amounts in the initial gel (2.0DEA:0.6 SiO,:1.0A1,05:nP,05:50H,0).
n(P,0s) = (1) 0.5; (2) 0.6; (3) 0.7; (4) 1.2; (5) 1.3;(6) 1.4; (7) 1.5.
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Table 1 Effect of H,O content in the initial gel on the synthesis of SAPO-34

pH before pH after Relative crystallinity Relative yield .
n(H,0) L L Molar composition
crystallization crystallization (%) (%)

15 5.5 9.0 88 48 Sio.160A10.496P0.33502

25 6.0 9.0 93 100 Sio.154A10.494P0.3520:
50 6.0 8.0 100 79 Sio.150A10.494P0 35602
100 6.0 8.0 78 71 Sig.131Alp.571P0.2000;
300 6.0 6.0 33 44 Si0.006A10.697P0.20702

2R . O sl D I, AR R A & T
WS, & B HES) ) K, B dh AL W) A R, A
Z2 pH A Tt i, AT 5 BUE B 10 1) ¥ e B 388, A
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& (pH A F ), P2 W rh ik 3 ' 38, (H ™= 2R BRI
H,0 5 it 20 I, it A0 A 28 TRD VAR B8 1 94K B ALK, & il
() HEZ) A8 N, dh A= F R AG. BE, n(H,0) A
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Table 2 Effects of the Al source and Si source on the synthesis of
SAPO-34 products

Molar
composition
Sig.157A10.501P0 3420,
SiO. 157A10.5 14P0.32902

Silica Relative cry-
stallinity (%)
Fume silica pseudoboehmite SAPO-34 108

Si(OC,Hs)s pseudoboehmite SAPO-34 94

Alumina source Product
source

Silica sol  pseudoboehmite SAPO-34 100 Sig.150Al0.494P0.35602
Silicasol ~ Al(-OC;H7); SAPO-34 87 Si0.003A10.527P0.33002
Silica sol AICI; SAPO-34 90 Sio.106A10.498P0.39602
Silica sol alumina sol  a-quartz — —

SAPO-34 Ak, 4 10 FF &b 8 4 &5 8k B2 AR & W
SAPO-34 4y T ali Al iX J& K24 SAPO 43 ¥ i (1 &
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SEM images for samples synthesized with different Al and Si sources. (a) pseudoboehmite and fume silica; (b) pseudoboehmite and
Si(OC,Hs)s; (¢) pseudoboehmite and silica sol; (d) Al(i-OC;H7); and silica sol; (e) AICI; and silica sol.

Fig. 2.
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Table 3 Composition of synthesis gels and crystallization conditions
for samples synthesized using different templates

Gel composition

Sample Time (h) #°C

Template  SiO, ALO; P,Os H,O
T-0.6Si 2TEA 06 10 08 50 24 200
DT-0.6Si IDEA+ITEA 0.6 1.0 08 50 24 200
D-0.6Si 2DEA 06 1.0 08 50 24 200
M-0.6Si 2MOR 06 1.0 08 50 24 200
D-0.4Si 2DEA 04 10 08 50 24 200
AL S AT WA 3.
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Fig. 3. XRD patterns for samples synthesized using different tem-

plates.
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Table 4 Relative crystallinity and chemical composition of SAPO-34

Relative . Si incorpora-

Sample o Product composition )

crystallinity (%) tion*
T-0.6Si 63 Sio.102A10454P0.41402 0.71
DT-0.6Si 97 Sig.128Al0.480P0.30202 0.90
D-0.6Si 100 Sig.150Al0.494P035602 1.05
M-OGSI 91 Si0_134A10_475P0_39102 0.94
D-04sl —_— Si0_134A10_495P0_37102 1.34

*Molar ratio of (Si/(Si + Al + P))yrodued/(SV/(Si + Al + P))a.

LA (I 1) SAPO-18).

G FE S I JCFR A 4 R WK 4. T LRI, B
— BRI & BORE S B, DEA & ) SAPO-34 4 4 b
Tk & 5 5% =, n(Si)/n(Si+ Al+P) 24 0.150, MOR & i
IR, TEA & B A, 24 0.102, 7 W, L DEA 4
AR ) A IR it L AT e i E N4 5. L DEA-TEA
TR A AR A 0 SAPO-34 H ik 2 4 25 T
A ORE I SR S T, BN R A
AR “ A" 34
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Fig. 4. SEM images for samples synthesized using different tem-
plates. (a) T-0.6Si; (b) DT-0.6Si; (¢) D-0.6Si; (d) M-0.6Si.
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Table 5 Thermal analysis results of SAPO-34

Percentage Percentage Percentage of template Moles of

Sample of H,O of template (%) template
(%) (%)  200-490 °C >490°C per cage*
T-0.6Si 4.01 11.83 79 21 1.02
DT-0.6Si 3.74 13.06 73 27 1.32
D-0.6Si 4.41 13.96 72 28 1.71
M-0.6Si 4.74 16.53 52 48 1.76

*The molecular weights for the mixed templates are calculated by

averaging those for the individual components.

R L A A, i ASERR A 9 Ok T AH 22 8K TEA
/N, 4 11.83%; MOR I K, 4 16.53%. HH TG & L 1]
FA3 5 T IR A CHA JE v (17 BB 7 % MOR
B =4 1.76, 5 Prakash Z522 45 BLAHIT; DEA A 1.71,
$23 MOR; TEA 1k, 4 1.02. ff ] DEA-TEA B &
R, JE N 43 1 07 P (1R BEAR ) £ & 4l TEA 58
RBEI. TATN N, AN BRI CHA ZE b B 1)
75 BN A e TR E, TEA h T3 A
AN CHESEE, A TR B R T R A L
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1543 9 A B, BEARGRIBR 1 45 K T 1) 414 [
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R By TEREPRES & TEAZAS T
7 P 1 2 g 2L, BT LAAH I 1) SAPO-34 K Fp i 42 fik
R EIC. DEA BE Ny 7 N 5 5 MOR #2102
A RE S e R A L MOR Ry X AT REAE R N
5r IR FLE P I MOR AT — 3 4 W fLaE B /e /E H,
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2.2.4 *SiMAS NMR ##7

*Si MAS NMR 1] L 5k R A4iE Si 7 SAPO-34 4y
TIRE S BN, BS54 T &R 1 2Si
MAS NMR . #] LLE H, JLASFE B 7E 6 =-92.5,
~96.5,-101,-105 FI—111 4b H BP0, w7 43 53] V5 I
S Si(4Al), Si(3Al), Si(2Al), Si(1Al) HI Si(0Al) FR
UL 5 RE SR I AT W LA, S5 R LR 6. %
Lt D-0.4Si #1 D-0.6Si A% i, Bl A5 1 48 5k 2 5 1 58
B Si(4A) IR AT & A FRA, A T S B R
() B R IR B LU 18 . 0.6Si & A1 S R, T-0.6Si
FM-0.6Si 43 5ill A7 S AR R B 1Y) Si(4AL) 7 .

B 5 TRERFE BB *°Si MAS NMR i
Fig. 5. %’Si MAS NMR spectra of samples synthesized using differ-
ent templates.
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Table 6 Distribution of silicon environments observed in the decon-
voluted 2Si MAS NMR spectra

Silicon environments distribution (%)

Sample

Si(4Al)  Si(3Al)  Si(2Al)  Si(1Al)  Si(0Al)
T-0.6Si 66.80 2526 3.45 2.09 2.40
DT-0.6Si 71.09 18.08 3.98 3.50 3.36
D-0.6Si 73.75 14.47 6.21 2.80 2.77
M-0.6Si 86.60 8.62 2.09 0.20 2.49
D-0.4Si 87.00 11.20 0.00 0.00 1.80

M-0.6Si F EEIR 55 93 i 55 D-0.4Si (321 . DEA-TEA
TR A W R 5 DT-0.6Si T PR 23 A1 1) Sk 5 B AR
FFE fit (1 A

R4 U BT AN I RE SR BE (0 LL o), 45 & 3K 4, ]
AT BEANFE b PR B S8 3 v Aar SR . A A 8 v b S i
AR AE BRI B A diAR S
SAPO-34 B4~ 1 (1 BAR 71 4 F %, vl AL
VA BT A A 1 B R BB A, 45 R
L2 7. 0t H AT A R EE 5 & ¥ D-0.4Si F1 D-0.6S4,
S 53 0t AL I8 P IR B A M, (H B A e 4
PR R 1 B I, R T AR AR A (1 AR R 4
WK, 0.6S1 R AU, LA TEA Il DEA-TEA Jhj 15
BRI T-0.6Si A DT-0.6Si Ff &l 111 A, 354 0, Ui B i
P AN B i L R R ABE AR R 4 35 TSP fE R A
LA DEA Il MOR Ay #5545 551 R A il o, Ag 4390 2 0.12
FT0.25, AH B T~ 1 47 1 B v far 1) AEAR AR v R B
93.0% H1 85.8%. M4t A2 Ui, 76 AH [F) #] 46 %8 1 JBE /R L
B LR, JURASTAR S5 FH T i 1 28 W A 9 5=
EL 45115 ) TEA >DEA >MOR.
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F 7 TEEMFTE KA SAPO-34 BB MR KX
Si(4Al) =
Table 7 Net charge of SAPO-34 samples synthesized using different

templates and the maximum Si(4Al) contents

Net charge per mole Maximum Si(4Al)

a b

Sample . Ay A,

(Al+Si+P) content’
T-0.6Si -0.0897 1.07 0 0.068
DT-0.6Si -0.1120 1.34 0 0.091
D-0.6Si -0.1326 1.59 0.12 0.111
M-0.6Si -0.1262 1.51 0.25 0.116
D-0.4Si —0.1280 1.54 0.17 0.116

“Template number per cage used for balancing the net charge;
°Template number per cage — A,;
‘Maximum Si(4Al) content in SAPO-34 per mole (Al + Si + P).

HR 5 25 FF ik 5 B AN Si(4AL) Le A5, 5345 R [ 45
B B SAPO-34 B B2 v fu vk HE B J K Si(4AL)
o BE R RS B KT RS, e AT 4G
L, 45 B4 T % 7. DEA 1 MOR & B (1 FE e K
Si(4Al) J U, W] KT TEA A BT RE .

3 #ig

LA DEA A AR & % T SAPO-34 43 11, 7 5
e R AT T K. KIL DEA T 10 & K
SAPO-34 AL 4 1F 4 0.7 < n(P,05)/n(A1,03) < 1.2
F1 25 < n(H,0)/n(Al,05) < 100. 5535 XF fT 5 SAPO-34
FE i 4 BCIR 52 W 82K £E 200 °C di ik 24 h 4 1F F,
DEA £ IR FE it 25 i B 0 B 380k 5 & 05 =, TEA &
JSC R b B AR, MOR A Hv ] 3 55 AR 7 2 A
i MEN B 2210 it )1 )17 DEA >MOR >TEA 45 5%. LA
DEA F1 MOR 24 #5871 5 R i fo V8 H B0 1) K
Si(4Al) f 21, W % KT TEA [f]. DEA-TEA i & f
AR B PRI it DU 42 UL 9 P AR 751 %) o R 280
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Owing to their porous structure, moderate acidity, and
good hydrothermal stability, SAPO-34 molecular sieves
show a high selectivity towards light olefins in the
methanol-to-olefin (MTO) reaction [1-6].

SAPO-34 can be synthesized using organic amines as
templates, such as tetraethylammonium hydroxide [6-8],
isopropylamine [7], dipropylamine [7], piperidine [9], mor-
pholine (MOR) [7,10], triethylamine (TEA) [11-13], di-
ethylamine (DEA) [14-16], and mixtures thereof. It is gen-
erally acknowledged that the template can play struc-
ture-directing, charge-compensating, and space-filling roles
in the synthesis of molecular sieves [17]. The template exerts
a significant influence on both the structures and properties
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of the molecular sieves. A number of reports mainly focus on
the effects of templates on crystal size and catalytic per-
formance [18-21]. Investigations into the intrinsic reasons of
how templates influence SAPO-34 acidity (i.e. how do the
templates impact Si incorporation and distribution) are rela-
tively scarce.

We have recently investigated the synthesis and catalytic
properties of SAPO-34 in the MTO reaction, synthesized
using DEA as a template [15]. In the present paper, we probe
the influencing factors in the synthesis of SAPO-34, tem-
plated with DEA, to obtain the optimal synthesis conditions.
Furthermore, a comparative study into several commonly
used templates in the synthesis of SAPO-34, including DEA,
TEA, and MOR, was performed to reveal the characteristics
of samples prepared using different templates.

1 Experimental
1.1 Synthesis

SAPO-34 was synthesized using a hydrothermal method.
The Si source (unless stated otherwise, it is silica sol), the Al
source (unless stated otherwise, it is pseudoboehmite),
phosphoric acid, and distilled water were mixed and stirred
at room temperature. The template was added 1 h later and
the resulting mixture was stirred until homogeneous. The
gel was transferred to a 200 ml Teflon-lined stainless-steel
autoclave, and heated and crystallized at 200 °C under
autogenic pressure for 24 h. The typical molar composition
of the gel was 2.0DEA:0.6Si0,:1.0A1,05:0.8P,05:50H,0.
After crystallization, the as-synthesized sample was ob-
tained after centrifugal separation, washing and drying in air
at 120 °C. Calcination was then carried out in air at 550 °C
for 5 h to remove the organic template.

1.2 Characterization

Powder XRD patterns were recorded on a Rigaku
D/MAX-yB X-ray diffractometer using Cu K, radiation (4 =
0.15406 nm) at 40 kV/40 mA. The crystal morphology was
analyzed via scanning electron microscopy (SEM,
KYKY-AMRAY-1000B). The chemical composition of the
sample was obtained on a Philips Magix-2424 X-Ray Fluo-
rescence (XRF) spectrometer.

Thermal analyses were measured on a Perkin Elmer
Pyris-1 TGA analyzer, at a temperature-programmed rate of
10 °C/min under an air flow.

¥Si MAS NMR spectra were recorded in 7 mm ZrO, ro-
tors at 79.5 MHz on a Varian Infinity-plus 400 WB spec-
trometer, fitted with a BBO probe. The spinning rate of the
samples at the magic angle was 4 kHz. The internal standard
for chemical shifts was 2,2-dimethyl-2-silapentane-5-sul-

fonate sodium salt (DSS).
2 Results and discussion

2.1 Influence factors in the synthesis of SAPO-34
templated by DEA

2.1.1 H3;PO,content

The effect of H;PO, content (i.e. P,Os content) on the
synthesis was investigated with a gel molar composition of
2.0DEA:0.6S10,:1.0A1,0;:nP,05:50H,0. The XRD patterns
for the obtained samples are shown in Fig. 1. With increasing
P,O5 content, the pH values, before and after crystallization,
obviously decrease and the products undergo a regular
change. When n = 0.5, the product is obtained as an amor-
phous boehmite. When n = 0.6, SAPO-34 is formed. Pure
SAPO-34 crystals can be obtained with 0.7 < n(P,0s) < 1.2.
SAPO-41, with an AFO structure and 10-ring channels, is
formed with increasing n. When n = 1.5, no SAPO-34 is
observed.

2.1.2 H,0O content

The influence of the H,O level on the synthesis was in-
vestigated with gel molar compositions of 2.0DEA:0.6SiO,:
1.0A1,0;:0.8P,05:#H,0. XRD results show that SAPO-34
can be synthesized with 15 < n(H,0) < 300. Table 1 shows
that the pH is almost consistent for all samples (about 6.0).
After crystallization, the pH values decrease with increasing
H,O. The relative yields of SAPO-34 decrease with in-
creasing H,O content (i.e. n > 25). The relative crystallinity
reaches its optimum value when n = 50. This rises with in-
creasing n(H,O) when n < 50, but descends when n > 50.
When n =300, the relative crystallinity decreases to 33% and
amorphous aluminum species begin to appear.

The chemical analysis given in Table 1 indicates that the
silicon content in SAPO-34 declines with increasing H,O
content. A reduced H,O content in the gel leads to a higher
ion concentration, favoring synthesis. With the formation of
products, the pH of the system rises. This increases the
product solubility in the gel and reduces the yield. In a former
study [15], the silicon content in the SAPO-34 increased with
increasing DEA content (with increasing pH), whilst the
crystal yield decreases. A larger H,O content in the gel
causes a lower ion concentration and a reduced driving force
for synthesis. This results in a lower yield. Therefore, the
optimal H,O level ranges between 25 < n(H,0) < 100.

2.1.3 Sisources and Al sources

The influences of the Si (silica sol, fume silica and tetra-
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ethoxysilane) and Al sources (pseudoboehmite, aluminum
isopropoxide, aluminum chloride and alumina sol) on the
synthesis were investigated with a gel molar composition of
2.0DEA:0.6Si0,:1.0A1,05:0.8P,05:50H,0. The results are
shown in Table 2. Except for sample synthesized with alu-
mina sol as the Al source and silica sol as the Si source, all
compositions generated pure SAPO-34 with high crystallin-
ity. The preparation of SAPO molecular sieves requires
weakly acidic or neutral conditions. The pH value for the
system with alumina sol as the Al source is too low (0.5),
which leads to the formation of a quartz phase.

The chemical analysis given in Table 2 suggests that the Al
source has a significant effect on the compositions of the
as-synthesized samples. When silica sol is used as the Si
source, sample using aluminum isopropoxide as the Al
source, gives the lowest silicon content. Meanwhile, sample
using pseudoboehmite as the Al source, gives the highest.
This may be due to the higher reactivity of the monomeric Al
source (aluminum isopropoxide) towards H;PO,4, compared
with the polymeric Al source (pseudoboehmite). An alu-
minophosphate precursor can form upon mixing aluminum
isopropoxide with H;PO,. However, silica sol is a polymeric
Si source, and the rate of depolymerization to give the active
Si species is relatively slow. The Si substitution processes,
for either P or P-Al pairs within the framework, were inhib-
ited, which leads to the lower silicon content in sample. With
pseudoboehmite as the Al source, the silicon contents for
samples using fume silica and tetraethoxysilane as the Si
source are the same. Both are slightly higher than that for
sample using silica sol as the Si source.

Figure 2 presents the SEM images for the samples syn-
thesized with the different Al and Si sources. The SAPO-34
crystals are rhombohedra. The crystal sizes in the samples
synthesized with fume silica (a) and tetracthoxysilane (b) are
clearly smaller than those obtained with silica sol (c, d, e) as
the Si source.

2.2 Comparative study for SAPO-34 samples
synthesized with different templates

The templates used in the comparative study include DEA,
TEA, MOR, and a DEA-TEA mixture. The gel compositions
and crystallization conditions are shown in Table 3.

2.2.1 Crystal phase and chemical composition

Figure 3 shows the XRD patterns for samples synthesized
using the different templates. All XRD patterns are in
agreement with those of SAPO-34 reported in the literature.
With the exception of sample T-0.6Si (templated with TEA),
all samples exhibit a relatively high crystallinity (see Table
4). The main peaks in the XRD for sample T-0.6Si are of high

intensity, whilst the high-angle peaks are either weak or
missing. This may be due to crystal structure distorting or the
formation of eutectic SAPO-34 and SAPO-18 (trace amounts
of SAPO-18).

Of the samples obtained with 0.6Si, that using DEA as the
template, lead to the highest Si content (n(Si)/n(Si + Al + P)
= 0.150). Meanwhile, that templated with TEA gave the
lowest (n(Si)/n(Si + Al + P) = 0.102). This suggests that
DEA templated SAPO-34 exhibits the appropriate charac-
teristics for high silicon incorporation. The silicon content in
sample DT-0.6Si, which was templated with a DEA-TEA
mixture, is approximately equal to the average for samples
D-0.6Si and T-0.6Si, consistent with the additive effect.

2.2.2 Crystal morphology

Figure 4 presents the SEM images for the samples syn-
thesized with different templates. The crystal size for sample
M-0.6Si, templated with MOR, is the largest (up to 10 um),
whilst that for sample T-0.6Si is the smallest (about 2 um).
The crystal size in sample D-0.6Si is in the range of 2—4 pm,
which is slightly larger than that of T-0.6Si. The crystal size
of DT-0.6Si is between those of samples D-0.6Si and T-0.6Si.

2.2.3 Thermal analysis

The TG profiles for the samples synthesized with the dif-
ferent templates reveal three stages of weight loss at < 200
°C, 200490 °C, and > 490 °C, respectively. The first stage is
attributed to water desorption from the sample. The second
and third stages are due to the combustion decomposition of
the template and the organic residues. The data given in
Table 5 indicates that the weight losses associated with water
desorption are close for all samples, while those due to the
template vary significantly. The weight loss with TEA is the
lowest (11.83%), whilst that with MOR is the highest
(16.53%). The highest template mole number per cage, cal-
culated based on the template weight loss, was found to be
1.76 for MOR, which is close to the result calculated by
Prakash et al. [22]. The mole numbers obtained with TEA
and DEA were found to be 1.02 and 1.71, respectively. The
mole number for the DEA-TEA mixture was significantly
higher than that obtained with TEA. The differences in the
mole numbers per cage mainly come from the differences in
molecular size. With three ethyl side chains, the molecular
size of TEA is obviously larger than that of DEA, which only
has two ethyl side chains.

In addition to the structure-directing and space-filling
roles, the template also plays a charge-compensating role in
the synthesis of molecular sieves. The positive charge pro-
vided by the template determines the negative charge of the
framework. This arises from the Si substitution of the P or
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P-Al pairs in framework. Therefore, the template mole
number per cage influences the silicon content in framework
to a certain degree. Since the TEA mole number per cage is
the lowest, the associated silicon content in T-0.6Si is also
lowest. Although the mole numbers for DEA and MOR per
cage are similar, the silicon content in D-0.6Si is higher than
that of M-0.6Si. Portions of the MOR in the cage may not
play a charge-compensating role.

2.2.4 ?Si MAS NMR analysis

The Si distribution in SAPO-34 framework can be char-
acterized by ’Si MAS NMR. Figure 5 shows the ’Si MAS
NMR spectra for the as-synthesized samples. Every sample
presents a different Si distribution. According to the litera-
ture [11,17], the peaks at 6 = -92.5, —96.5, —101, —105, and
—111 are ascribed to Si(4Al), Si(3Al), Si(2Al), Si(1Al), and
Si(0Al) environments, respectively.

Table 6 shows the distribution of the silicon environments,
as evaluated from Gaussian fitting. Upon Comparing the
D-0.4Si with D-0.6Si samples, the proportion of Si(4Al)
environments decreases with increasing silicon content in the
framework. Meanwhile, the proportions of the other Si en-
vironments increase. From the series of samples with 0.6Si,
the proportion of Si(4Al) environments is at its lowest in
sample T-0.6Si and at its highest in sample M-0.6Si. The
distribution of silicon environments in sample M-0.6Si is
similar to that in sample D-0.4Si. The distribution of silicon
environments in sample DT-0.6Si is a cross between those
for samples D-0.6Si and T-0.6Si.

The net charge in framework and the template number per
cage (A;) can be calculated based on the proportion of Si
environments and the silicon contents in each sample (Table
4). In combination with the template mole number per cage
in Table 5, the residual template number per cage (A,), which
is not used for balancing the net charge, can be obtained. The
results are shown in Table 7. Upon comparing samples
D-0.4Si and D-0.6Si, although their template numbers per
cage are close, the template number used for balancing the

net charge increases with increasing silicon content. The A,
values for samples T-0.6Si and DT-0.6Si are both zero, which
means all the templates in the cage are used to balance the
framework charge. The A, values for samples D-0.6Si and
M-0.6Si are 0.12 and 0.25, meaning the percentages of tem-
plate used for balancing the framework charge are 93.0% and
85.8%, respectively. Hence, with the same initial gel, the
percentage of template number used for balancing the
framework charge follows the order TEA > DEA > MOR.

Based on the silicon content and Si(4Al) proportion for the
various samples, the maximum Si(4Al) content within the
SAPO-34 can be obtained. Other Si environments will ap-
pear when the silicon content increases beyond the maximum
Si(4Al) level. This indicates that the maximum Si(4Al)
contents for samples D-0.6Si and M-0.6Si are similar, and
significantly greater than that of T-0.6Si.

3 Conclusions

In the present paper we have investigated the synthesis of
SAPO-34 molecular sieves templated with DEA, and com-
pared their properties with those synthesized using different
templates. The optimal synthesis conditions for the DEA
templated SAPO-34 are 0.7 < n(P,05)/n(Al,0;) < 1.2 and 25
< n(H,0/Al,05) < 100. The Al source has a great influence
on the resulting sample composition. A comparative study
revealed the DEA templated sample to have the highest
crystallinity and silicon content. MOR had the second high-
est, and TEA the lowest. This is related to the templates
ability to promote Si incorporation into the SAPO-34
framework, which follows the order DEA > MOR > TEA.
The maximum Si(4Al) contents for samples templated with
DEA and MOR are similar, but both were significantly
greater than that observed with TEA. The properties for the
samples templated with a DEA-TEA mixture are consistent
with the additive effect.

Full-text paper available online at Elsevier ScienceDirect
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