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Abstract—Methanol conversion over synthesized SAPO-34 molecular sieve catalysts was studied. Although the
selectivity to olefin was very high and the formation of aromatics hydrocarbon was prohibited over SAPO-34 molecular
sieve catalyst, the deactivation due to hydrocarbon deposition was serious. The acidity, product distribution in metha-
nol conversion and deactivation of SAPO-34 molecular sieve catalyst were discussed comparing with those of HZSM-5
zeolite catalyst.
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SAPO-34 #A4ll+= tetra-ethyl ammonium hy-
droxide (TEAOH, Fluka, GR), colloidal silica
(Du Pont Ludox HS-40), orthophosphoric acid
(Hayashi Pure Chemical, CP), aluminium iso-
propoxide (Fluka, GR)¢] E3-5% 200Cel4 160
A 7b o2 nbe-AlA FAsAeh 7k F FE 4o
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Catalyst
SAPO-34A (TEA);0:0.6Si0,:A1,05:P205:50H,0
SAPO-34B (TEA);0:0.35i0,:A1;03:P;05:50H,0
HZSM-5  5(TPA);0:1.5Na;0:A1;03:958i0,:4000H20

Composition of Reactant
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Fig. 1. Xray diffraction pattern of synthesized
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Table 1. Major peaks of X-ray diffraction pattern
of synthesized SAPO-34 molecular sieve

) Synthesized
ap  Lteratwe’ —oi e 53iA  SAPO-34B

aa) 11,
dA) UL d@A) U,

9.3-9.5 9.31 100 951 100 9.40 100
12.7-129 6.86 11 697 36 691 32
13.8-14.05 630 10 6.42 7 637 4
15.9-16.05 552 50 557 22 557 21
17.7-18.0  4.93 11 5.01 17 5.01 18
204-206 431 73 435 61 433 63
22.7-231 3.85 3 38 15 381 19
249252 353 14 358 19 358 21
25.7-25.85  3.45 14 347 16 344 17
27.5-276  3.23 2 324 7 323 7
30.4-30.6 293 24 294 33 292 41

31.0-31.2 2.87 18 289 20 288 21
34.3-34.4 2.61 4 261 8 - —
39.5-39.6 2.28 3 228 5 - —
48.8-49.0 1.86 6 1.87 7 - —
53.0-53.05 1.73 3 173 5 - —
55.8 1.65 4 1.65 5 - —
aRef. 9

Table 20§ Azldtdct, tAd SAPO ExpAloA T
49} qlY] F45 o8 e dFelse 49k Folok
i, § AR 2FolA Fas) il 45 o3 Fol
ula] dFolge] T A2k A, SAPO FAHH
o4 Al-O-P, Si-O-Al# Si-0-Si A3 7bssiA
ab, Si-0-P, Al-O-Al$} P-O-P A3 &3 &
E=oi{15], F49 2le) NMR AR e dalsha] &
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Fig. 2. SEM photo of synthesized SAPO-34A
molecular sieve.
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Fig. 3. Al MAS NMR spectra of HZSM-5(A) zeo-
lite, SAPO-34A(B), and SAPO0-34B(C)
molecular sieves.

shgiout 7Al NMR 28 Eso 2 be dinjye 2
5 AApdA A2 A EAsk e Bl o
257 e AL P-O-P Al £7158 o widol
ohz}t Si-0-Si Aol 7Hedt T4 wWEer 4zsl
o}, 4ol ole] EE dFulee Eoke] alelqt
Z 34" SAPO-34 EAA Hel Si-O- Sl Aol 9ok

. Hofok fml, Si-0-Al g ol & 49 & o
Folge E4elA alel 45 Wl m_i X I

ek, SAPO AIIA ma s Soledl B
HE, & 48e 4447 5 9 AEE, Fav

| 25 olZolea Adsle] glowg Si/(Si+Al+

o]

P) Sulz Jepd 4 glok 48k Si-0-Si Aol ¢l
0B Si-0- '7éa of BAE F4E Ml ‘r}—cv

2(Si"Y25E A4 Si'/(Si+AI+HP) Bu)7) 4
9] qfASE »}EME} SAPO-34A «/LzﬂoM °l
Zko 0. 040]m, SAPO-34B FARz|el s 0, 010,
SAPO-34A FAH47} 4ull A= gty HZSM-5 A&
slolEol4] 4kH ol FFAEE Al/(AlHSHEZ R

315 =S K287 H(2S 19901 4%

-

Table 2. Chemical compositions and surface are-
as of prepared SAPO-34 and HZSM-5

catalysts
Catalyst Chemical Composition Surface Area,
m?/g
SAPO-34A  (SigggAlp 48P0.44)02 435
SAPO-34B  (Sig g5Alp48P0.47)02 433
HZSM-5 (Sig.96Alg 04)02 439

'] A i
200 450 700 950
Temperature, °C

Fig. 4. TG/DTA curve of synthesized SAP(Q-34A
molecular sieve.
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Fig. 5. TPD patterns of ammeonia from SAP(Q-34
and HZSM-5 catalysts.
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Fig. 6. Conversion of methanol over SAP0-34 and
HZSM-5 catalysts at 400°C.
WHSV: 0.59 hr-1,

o}, HZSM-5 Zololl 4= Si0,/Al,0, 2u]7} A=A 4
HAg7b Aolz|w, 73eh Ao} Ao $-58 v]55hA
v Zobricka odelA 9ledt]1e, 17), A4 7% e
SAPO-34B Zollol| 4] 748} Akalo] o} = |
olgtrt, = Si-0-Al 7ol %2 Ax 2ats|o] 9%
SAPO-34A ZvHe} HZSM-5 %o FolA gtwzi]o}
ebatero] SAPO-34 o7k v =4 Lpebuk

400°Col A u-g-A]7kol] & Pllekg-o] 3285 Fig,
6ol 2edrh, 3AZARIE o ool v} Lel|Ha} s}
zhglel A4s|2]at, SAPO-34A Zololdy 347-%
B}, SAPO-34B ZvloliAl& 74758 ool &lolje] 2.9}
dlebgo] MAE FEolM Bt SAPO-34A
aloll A ubgA|7kol] uhE Mg 4-8¢ Fig, 7ol 2
ok, R z7)olE :is.ﬁ&ol fr*é“* oloiont, kg
Aj7kel Hojzlwd =&

22
gk
=
olo

167

1.0
T~ = \
08¢ Cs \

Yield

Time on stream, hr

Fig. 7. Product yield in methanol conversion over
SAPO-34A catalyst at 400°C.
WHSV: 0.59 hr1.

Table 3. Product distribution in methanol conver-
sion over SAP0-34 and HZSM-5 catalysts

Catalyst SAPO-34A SAPO-34B HZSM-5
Feed MeOH/H0 MeOH MeOH
=30/70(as vol.)
WHSV,hr-1  0.59%as MeOH) 0.59 6.35
Conversion 1.00 1.00 1.00
Selectivity
Cy 0.01 — 0.01
Cy= 0.27 0.21 0.10
Co 0.01 0.03 0.02
Cy= 0.39 0.42 0.12
Cq 0.14 0.18 0.10
Cy 0.15 0.14 0.31
Cs 0.03 0.03 0.11
Cq - — 0.03
Benzene - — 0.02
Toluene — — 0.06
Xylene - - 0.12

8|33 go|He fgo) 24 FrhEUT}, SAPO-34A
Zollo A A E7E VT Asle] whg2eE wlw
a1z Eatet, et olelg-g £33 TEsiF
Aol Adltely: Frrt neAn Felgle] ddes
.‘r—o}xﬂr,],

400ColA HhgAl2E & 37 o] AAE BT
Table 3ol 23irt, SAPO-34A Zvfoll A= o|ge-g
ol 3|44]17] vH3-5 (CH,OH/H,0=30/70 as vol-

wfu
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Fig. 8. Product yield in methanol conversion over SAPQ-34B catalyst at various temperatures.

WHSV: 0.59 hr-1,
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Fig. 9. TG/DTA curves of SAPO-34B catalysts de-
activated at (A)350°C and (B)550°C.
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