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ABSTRACT

MeAPSG-34 molecular sieves were synthesized suceessfully with metal fons of
Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mg, Ca, Sr, and Ba (Me/ALO=0.05), IR,
NHa-TFPD measurements and fixed bed MTO performances of all the samples
were carried oul in comparison with SAPO-34, The results illustrated that the
incorporation of metal ions had great effects on structure and acidity of the
molecular sieves, It was interesting that most MeAPSO-34 molecular sieves
exhibited effective enhancement of the MTO performance. Especially, the
incorporation of Co®', Zn®™" and Mg ions showed promising modification
effect for the MTO catalysts.

1. INTRODUCTION

Methanol to olefins (MTO) is o well known important reaction for non-oil route
synthesis of light olefins from natural gas or coal [I]. Small pore
silicoaluminophosphate  (SAPO} molecular sieve was demonstrated o be
effective catalysts, in which SAPO-34 has been proven to be the most atiraclive
candidate for practical catalyst development [2]. The SAPO-34 molecular sieve
afler incorporating metals into the framework had been found exhibiting high
selectivity to form ethyleng in the MTO reaction [3-6]. The higher selectivity
could be attributed to the modifications of the acidic strength, the acid
distribution and the pore or channel size of SAPQ-34 molecular sieve with the |
incorporation of metals. |
The present work was 0 synthesize MeAPSO-34 molecular sieves with a
large variety of metal ions, to research the modification effcet of metal ions on \
physical and chemical propertics of SAPO-34 and to comparatively investigate
MTO performance of the synthesized samples. This would be helpful for ,
understanding the relationship among synthesis, property and performance of
the catalvst and the reaction.
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glominum, hosphorous and silicon respectively. Triethylamine (TEA) was used
& femplating agent.

~ SAPO-34 molecular sieve was synthesized by the batch composition;
JMEA: 02810 ALOy: P05t 50H,0, and MeAPSO-34 samples were

i

wiition of metal salts into the synthesis system with Me/ALOs (Me denotes
metal 1ons) ratio equaled 0.05. The metal 1ons vsed were €r, Fe, Ni, Cu, Ca, Sr,
ons {as metallic nitrate), Mn, Co, Zn, Mg ions (as metallic acetate) and Ti

L% Characterization and catalytic tests
The structure type and crystallinity of all the samples were checked by
powder X-ray diffraction (XRD) on a DVmax-rb diffractmeter,
Chemical composition of all the samples was determined by X-ray
{laorescence analysis on a Philips Magix spectrometer,
The IR spectra were recorded on a Perkin 983G infrared spectrophotometer,
it framework vibrations of the molecular sieves were examined by using 5%
sample in KBr.
The measurement of acidity of all samples was performed on a homemade
ammonia-TPD apparatus.

The MTO reactions were carried out on a fixed bed reactor. Reaction
wnditions were as follows: temperature=450°C, WHSV(MeOH)=2h". On-line
GC with Porapak-QS column and FI1D detector was used in product analysis.

LRESULTS AND DISCUSSION

L1, Synthesis of MeAPS(0-34 molecular sieves

MeAPSO-34 molecular sieves could be synthesized successfully with
MefALy0:=0.05, in which Me were Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mg, Ca, Sr,
ind Ba respectively. The relative erystallinity of all samples was calculated by
1he peak intensities of 20 ~ 9,430, 15.940 and 20.510 in the XRD pattern on the
basis of taking that of SAPO-34 as 100%. The results indicated that the relative
tnstallinities of most samples were higher than 85% except the cases of
TAPSO-34 and CaAPSO-34 (lower than 70% without impurity). ZnAPSO-34
gave the highest relative crystallinity up to 124%, indicating that the synthesis
system was Favorable for the formation of CHA structure.
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3.2, Chemieal composition of products

The composition of the corresponding as-svnthesized MeAPSO-34 samples
with different metals was given in Table 1.

In case of SAPO molecular sieve, it had been concluded that there was no
direct linkage between Sioand P ovia oxygen-bridge. It was proposed that Si
atoms incorporate into AIPOy structure by two different substitution mechanisms
[7-8]: the first one, the Si substitution lor phosphorus formed Si(4Al) structure;
the sccond mechanism was the double substitution of neighboring aluminum and
phosphorus by two silicon atoms forming Si(nAl}n=3-0). So the ratio of
(Si+P)/Al should be equal to 1 1if there were no 8i-0-8i {or no 5i-0 island) in the
structure. In MeAPSO system, the formation of McAPSO molecular sieve could
be taken as the replacement of P and/or Al of the AIPO, framework by silicon
andfor metal. 1T the ratio of (Si+PMAIMe) ratio were equal to or more than 1,

the incorporation should be taken as a partial replacement of Al by Me ions, [f

the ratio of (SUPY(Al+Me) ratio were less than 1, metal iong could he
incorporated into the framework by replacing silicon. This could be an evidence
for the incorporation of metal ions into framework structure,

In Table |, for most samples except CuAPSO-34 and StAPSO-34, the
(SHPY(ANMe) ratios were more than or equal to 1, indicating that tetrahedrally
coordinated aluminum was partially replaced by Me ions. It was possible that
there was also no Me-0-Al and lack of Si-0-8i linkage in the most MeAPSO-34
samples.

Table |

Muolar composition of the ervstalline products of as-synthesized MeAPS0-34

Muolar composition of the crystalline products

Products . ™ = | .
AJr Siz P Me (Si+PWATEMe)  Molar oxide compaosition
SAPO-34 10000 1 240,87 [.995 { Ao son i s Pz 302
TAPS-34 JOHH 0 D520 87300008 1.u07 LA g a0 0094 Paaze T e ) O
CraPs0-34 (AR R RS 1.027 ATy o StnamaPaag Oy pua )0
MoAPSO-34 10000135091 200031 101G (Al g SinnosPo gaM g ps) O
FAPSO-34 100001 32:0.905:0.032 1.005 LA a5 e PoaseFen g0
CoAPS0-14 10000 133091 70,0352 1.0017 (A0 oS0 964 P .asnC oo a0
NIAPSO-34 1L OEN00, 1 34ki) B8 40,023 1.00M) T e Sinos PoaaNige W
CuATS0-34 [ O L 30 BaS 0,032 uiq (AN 491 Sip e PiaxsCug s 10;
ZRAPSO-34  1LO0D:0 L4 1:0.902:0.041 1.002 [ Ay amaSin penPosa3 2, 00) O
MeAlS0-34 OO T 440:0,004:0.01 6 1053 (A0 4w S0 amal oo s M 2o 0
CaAPS(34 L0000, 1440 BRE-0.005 1.032 Ay 2005 0073 P .a2sCa0 o d0;
SrAPRO-34 L0000, 35 0.883:0,03) (.987 CA gy St onaPo g0 Seop )0

BaAPSO-34  1.000:0.(46:0.875:0.008 1.013 (Alg 40:SianmaPo 431 Be5.00 10
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Fig. 1. IR spectrs of TAPSOG-34(a)l, CrAPSO-3d(b), MnAPSO-3d(c), FAPSO-34(d),
CoAPSO-34e),  NIAPSO-34(0, CudAPSO-34(m), ZoAPS0-34(h),  MgAPSO34(),
CaAPSO-3d(g), SrAPSO-34k), BaAPSCO-341, SAPO-34m) in the framework region

13, IR studies in the framework region

The IR spectra of the framework vibration of as-synthesized SAPO-34,
MeAFSO-34 saum[':les were presented in Fig. 1. For SAPO-34, the bands around
[00em!, 620cm™ and 700em™ could be observed. The bands around 1100em™
had been assigned to the asymmetric stretching of the TO, tetrahedra, the
§20cm” was due to vibrations of the double-ring, and the 700 em™ could be
elated to T-O-T symmetric stretching. For MeAPSO-34, the framework
yibration bands of all samples were similar to that of SAPO-34, but a shift of the
peek positions of structure-sensitive bands could be found. For example, when
metal fons were incorporated into the framework, the bands at 620, 700 cm™ in
MeAPSO-34 were shified to around 640, 720 con™'. Moreover, the change in the
intensity of some absorption peaks could be found. For MnAPSO-34,
CoAPSO-34, ZnAPSO-34 and MgAPSO-34, the intensily of peaks around
T20em increased. This demonstrated that metal ions could be incorporated into
the ramework of SAPO-34 to form Me-O-T bond, which brought the shift of
peaks and varlety of intensity in the framewark vibration bands.

34, NH,-TPD studies
The acidity propertics of the MeAPSO-34 samples were measured by
NH;-TPD technique in comparison with that of SAPO-34, TPD profiles of NH;
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Fig. 2. TP} profiles of ammonia desorplion from TAPSO-34(a), CrAPSO-34{h,
MnAPSO-34(c), FAPSO-34(d), CoAPSO-34(¢), NIAPSO-34(L. CuAPSO-34(g),
ZnAPS0-34(h), MgAPSO-34(1), CaAPSO-34()). SrAPSO-34(k), BaAPSO-34(1)  and
SAPO-34{m)

desorption from SAPO-34 and MeAPSO-34 are given in Fig. 2, For SAPO-34,
in addition to the low temperature peak at 465K that was due to the acidity of
external surface hydroxy groups, second peak is observed at 706K, which could
be assigned to structure acidity. The NH; desorption temperatures of
MeAPS0-34 molecular sicves were quite different, which was associated with
the variety of intensitics of both weak and strong acid sites. Tt was interesting
that CuAPSO-34 gave two peaks of strong acid sites, and the NH; desorption
temperatures were 676K and 731K, respectively. For FeAPSO-34, CoAPSO-34,
NIAPSO-34, ZnAPSO-34 and MgAPSO-34, the amount of strong acid sites
decreased. These results demonstrated that the incorporation of metal ions could
adjust the acid intensity and the number of weak and strong acid sites.

1.5 MTO results of MeAPSO-34

Table 2 listed the activity and the optimum sclectivities of methole to
C; +Cy o MTO reaction over the SAPO-34 and MeAPSO-34 samples. It could
be seen that for all MeAPS0-34 samples the initial conversion of methanol can
reach 100%, which is similar to that of SAPO-34. The life-time (denoting the
time on stream when conversion is lower than 100%) could be used to represent
the activities of the samples, and the sequence of the life-time for the samples
were: SrAPSO-34=CaAPSO-34=MnAPSO-34=BaAPS0-34=CrAPSO-34>
CuAPSO-34>MgAPSO-34=FAPS(-34>TAPS0-34=8AP0O-34=ZnAPSO-34>
CoAPSO-34>NiAPSO-34. This indicates that the incorporation of certain metal



SAPO-34 Ti- O Mn- Fe- Co- Ni- Cu- Zn- Mg- Ca- S Ba-
120 136 164 170 135 90 60 159 119 160 177 192 142

1.8 16 L7 14 19 1.8 39 L1 1.2 1.1 1.1 1.5 1.1
333 500 543 562 586 004 337 520 595 541 522 533 A0e
0.8 05 06 03 05 02 02 03 03 03 03 04 03
CaHy 289 36,7 338 321 298 325 315 364 321 375 377 306 385

-~ Cably 1.9 0.0 00 00 07 00 00 00 00 00 00 00 00
C4Hg 74 76 65 56 5.0 32 46 63 44 45 55 54 6l
Gy I L4 L2 10 09 06 0% 12 0F O0F LO LG LI
s 4.6 23 20 34 27 14 32 28 16 18 22 1§ 20

00y (wi%) 822 86.7 S8R0 883 $84 929 87.2 884 916 91.6 89.9 89.9 8§94

-'_q_a could yield a madification ¢ffect on activity, For example, the incorporation

{, CONCLUSION

E{EAFSD-SLI molecular sieves had been synthesized succc,s*:ﬁllly with
MﬂAI;DrU 05, The results indicated that the ||1+:-::rr;mmtmn of metal ions had
great effects on structure and acidity of the molecular sieves. It was interesting
{list most MeAPSO-34 molecular sieves exhibited effective enhancement of the
MTO performance. Especially, the incorporation of Co®*, Zn** and Mg®" ions
shows promising modification effect for the MTO catalysts.
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