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Abstract — We synthesized a variety of SAPO catalysts with various structure directing agents by the hydrothermal
method and applied them to the D-xylose dehydration. Single or mixtures of organic amines, viz. tetracthylammonium
hydroxide(TEAOH), dipropylamine(DPA), diethylamine(DEA), morpholine and diethanolamine(DEtA) were used as
structure directing agents. The N,-isotherm, NH;-temperature programmed desorption(TPD) and temperature pro-
grammed oxidation(TPO) were conducted to characterize SAPO catalysts. Among tested SAPO catalysts, the SAPO-34
synthesized with morpholine showed the highest furfural yield. The external surface area as well as the surface concen-
tration of acid sites appeared to affect the catalytic activity for the dehydration of xylose into furfural.
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Table 1. The physical properties of SAPOs

] FTAE AMEES 75, SAPO-34(DEA)E 7~8 um =715
Z¥31 SAPO-11(DPA)= 10~20 um, SAPO-34(TEAOH)= 0.5 um]
A7VE Zheth i T 7S R fEAE Eddete] s A
A% 2717} HES & 4 QT SAPO-34(DPA+ TEAOH)2] 739 3 um
9] A271% 231, SAPO-34(DEA+TEAOH)2] 73$- 0.5 um, SAPO-34
(DEA+DPA)Y] 3% 5 ymz 27 =717} Yepdth

JE SAPOTAIA| 2] H]EHZ2 Table 16 A, 2F
AL F5el wet v EE o] Ao)7t e EklE 4= Il
SAPO-34TEAOH)2] 73-9- B & 3} Al 55517} A 28t ZuljFo]
A 7P =S & S QI B R fEAlS B0 R ALESH
ZAFolm 2 v A v AlF F-1E D3-S ERISISIT Table
17} Table 28] ZA3}= B ™, SAPO-34(DEA+TEAOH)E= H|EH #o]
w12 Ze] Hlg) 2kd 9] oFo] SAPO-34(DPA+TEAOH)?} SAPO-34
(DEA+DPA)E T} 2T}, 0] SAPO-34 EAFA oA A8 dA)sh=
Alejste] et "o o & lsl yeRd Flolg} 1l EQITH19].

Fig. 1> 3% SAPO 41| 9] ¢t o} 52 &ato] Tt A3
ot Yo} 5 Bk 31A)) AlSulle] el = abd e o)
Al71ell thgt ARE 7] Q1 A ARG A olth SAPO-34
(TEAOH), SAPO-34(DEA), SAPO-34(Morpholine), SAPO-34(DEA
+TEAOH), SAPO-34(DPA+TEAOH) “12]3 SAPO-34(DEA+DPA)=
350 °C ol A ebriuete] &=} 3] 37} LER T SAPO-11(DPA)S}H
SAPO-5/SAPO-11(DEtA)S] 7-9-ollx= A A8 07 Abg 9] ko] A3
17, 250 °C ol grEvoke] g2t 1317} ke glet. Lonyies
& 300 °C oJatellA] 1= hRLjole] Bt m] a5 oksh Abrle] &
gl ekyolo]] 71918k Ao 7 KWEow 300 °C o AFellA LreRt
dEole] @2 1= 7t Abdel Sk Yol 7]Q1Ek A
OS2 AlEIITH20].

Table 2. The NH;-TPD results of SAPOs

Amount of desorbed NH;*
(umol NH, g™ Total amognts of
Catalyst 250 °C 350°C N
(Lpeak)  (Hopealy HMOINHED
SAPO-34 (TEAOH) 165.13 638.83 803.96
SAPO-34 (DEA) 147.27 314.15 461.42
SAPO-34 (morpholine) 208.89 323.49 532.38
SAPO-34 (DEA+TEAOH) 110.52 336.08 446.60
SAPO-34 (DPA+TEAOH) 158.76 380.11 538.87
SAPO-34 (DEA+DPA) 101.44 427.17 528.62
SAPO-11 (DPA) 96.80 62.08 158.88
SAPO-5/SAPO-11 (DEtA) 250.86 0.00 250.86

“Determined by NH;-TPD analysis

BET surface area

Langmuir surface area Micropore surface area’ External surface area’

Micropore volume*

Catalyst (g ) (g (m? g (m? g (cm’ )
SAPO-34 (TEAOH) 823.1 934.2 794.3 28.8 0.317
SAPO-34 (DEA) 631.3 734.7 561.6 69.6 0.225
SAPO-34 (morpholine) 585.3 695.6 481.3 104.0 0.193
SAPO-34 (DEA+TEAOH) 649.5 745.3 613.1 36.4 0.246
SAPO-34 (DPA+TEAOH) 644.6 769.2 564.9 81.7 0.231
SAPO-34 (DEA+DPA) 651.2 744.9 608.0 43.2 0.242
SAPO-11 (DPA) 2379 287.0 174.7 63.2 0.069
SAPO-5/SAPO-11 (DEtA) 39.6 46.7 93 30.3 0.004

“The data were obtained by t-plot method [18]
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Fig. 1. Temperature-programmed desorption of ammonia (NH;-TPD)
for SAPO catalysts synthesized with different structure direct-
ing agents, viz. TEAOH (a), DEA (b), morpholine (c), DEA+
TEAOH (d), DPA+TEAOH (e), DEA+DPA (f), DPA (g) and
DEtA (h).
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Fig. 2. The temperature-programmed oxidation (TPO) patterns of
SAPO-34 (morpholine) after the D- xylose dehydration reaction.
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Fig. 3. Variations of D-xylose conversion, furfural selectivity and
lyxose selectivity with a reaction time over SAPO-34 (mor-
pholine). Reaction condition: D-xylose concentration = 0.20
M, Catalyst weight = 0.10 g, volume of solvent (water/tolu-
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Catalyst D-xylose Conversion (%) Lyxose Selectivity” (%) Furfural Selectivity” (%) Furfural Yield” (%)
SAPO-34 (TEAOH) 19.27 13.15 19.94 3.84
SAPO-34 (DEA) 41.21 26.03 24.83 10.23
SAPO-34 (morpholine) 59.79 2517 30.55 18.27
SAPO-34 (DEA+TEAOH) 21.03 26.74 24.29 5.1
SAPO-34 (DPA+TEAOH) 22.18 2.36 20.27 4.50
SAPO-34 (DEA+DPA) 33.63 12.11 19.08 6.42
SAPO-11 (DPA) 28.44 10.72 14.43 4.10
SAPO-5/SAPO-11 (DEtA) 22.40 31.72 12.67 2.84

“Reaction condition: D-xylose = 0.20 M, solvent (Water/Toluene (v/v) = 3:7) = 30 ml; Catalyst weight = 0.1 g, Reaction temperature = 140 °C, Reaction time

=4h

Table 4. The catalytic activity for dehydration of D-xylose over SAPO-34 (morpholine) in a different solvent system

Solvent D-xylose Conversion? (%) Lyxose Selectivity” (%) Furfural Selectivity” (%) Furfural Yield” (%)
DMSO 57.12 6.55 26.73 15.27
Water 28.44 39.52 30.16 8.58
Water/Toluene 59.79 25.17 30.55 18.27

“Reaction condition: D-xylose = 0.20 M, solvent (DMSO, Water, Water/Toluene (v/v) = 3:7) = 30 ml; Catalyst weight = 0.1 g, Reaction temperature = 140 °C,

Reaction time =4 h
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