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DTO (dimethyl ether to olefins) RF-g-ollA Zml ] A5 &S 540 Z SAPO-34 o] v M¥F FEAZA 7| EAL
9 &35 APk FAE Fule EAS XRD, SEM, N, adsorption-desorption isotherm X NH;-TPDZ 413} ¢,
71 Eqt A7V S AR she] J1EE SAPO-34 Fvlli= 71E2] SAPO-34 1|9} FU s Q1A FEl 9 JpupAfol E -
25 YeRISITh 712N H7bEE 3 wi%ZhA kel whet Alxd Huje] A W vz Ay FuE 3EE
om ofab o w& Hg Frlehe ACE YERGTE JlEE SAPO-34 Full= DTO RESOlA & Fa) 383
=2 44 289 A9 s ERL 53], SAPO-CHI 3 (3 wt%)E 7152 SAPO-34 %1l 4=7(82 min)2} B]w &}
o] 7bg 48 Ful (140 min)S Ve wEbA 7] EARe] SAPO-34 FHule] H|EYsE AAEty] S8t vz
AT FEAZ A g3st Ed9s 23l

Abstract

Effects of chitosan as a mesopore directing agent of SAPO-34 catalysts were investigated to improve the catalytic lifetime
in DTO reaction. The synthesized catalysts were characterized by XRD, SEM, N, adsorption-desorption isotherm and
NH;-temperature programmed desorption (TPD). The modified SAPO-34 catalysts prepared by varying the added amount of
chitosan showed the same cubic morphology and chabazite structure as the conventional SAPO-34 catalyst. As the added
amount of chitosan increased to 3 wt%, the surface area, mesopore volume and concentration of weak acid sites of modified
SAPO-34 catalysts increased. The modified SAPO-34 catalysts showed enhanced catalytic lifetime and high selectivity for
light olefins in the DTO reaction. In particular, the SAPO-CHI 3 catalyst (3 wt%) exhibited the longest catalytic lifetime than
that of the conventional SAPO-34. Therefore, it was confirmed that chitosan was a suitable material as a mesopore directing
agent to delay deactivation of the SAPO-34 catalyst.
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1. M = A &9 AR AR B 948 @A A g
Az Al A&AQ1 AAte] ofg drgolth4]. weba] e} 3
gl e g 22 A SHwS A 318 A elA 34E dlAlste] AR 98 AR E A SuuEe 22l
Tt EL V1% 48 E4oltk A4 SH¥S FE AR e A YRS AAdeE o] FES AL lH5.6].
B 348 23 AxE 1 Q) o] 2AY F APEL Jddo)y DME (dimethyl ether) = methanol2 HHs- Y82 310 FA &4
TRAAL FAER dojH1-3]. HT = M & TS AYAFH= DTO (dimethyl ether to olefin) % MTO (methanol to
Lol w1 o7t Fokskar lek 2eu
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olefin) 374 H& A4 SHW(Es] 223 ABEE Veple &
Aolr}. o] ¥ vhxEl Hall 3 vluste] W 2E(400~500
C)E +H57] whitel] oy &n7F do] Az ago] Frh %3l
Agh, M7t W nlo]| QAR RE Az 7T ARE A
2 &YAE A uliol] olakalekh wiE ko] Wk o] Q)
th{7-12].

DTO ¥ MTO Wh&-ellA ARg-sh= 718 a8t Sull= SAPO-34 5
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ujo]th SAPO-34 Fulli= 8712] Aka IAE 9% 3.8 A x 3.8 A
719 AF ATk 7.5 A x 82 A F7]9] W cage® TAE 33}
A4 FHkRte| E(chabazite) T35 73 Qdek o2 st 22 AlF ¢
T2 A% Al AeEld mitel] SAPO-34 v+ DTO % MTO WH
oA H Ad S AEEE JeRdtH13-15] 28y o3 3
g e W&ol SAPO-34 Fulje] o] ghrh= ©hlo] girk wl
o] YA Zu]9] EF(cavity) oA AHE oF3F Wak= 53]
E(polycyclic aromatic hydrocarbons, PAHs)> 2+ Als & &3
g 7 ¢ith PAHsE RES F7HAI1 APl All(hexamethylbenzene,
HMB)®] %3 4 12|13} w3l <3l A= F(coke)] Bl
71Q18It}. SAPO-34 Zvll Ute] HAE I+ Fu S ot
WS A= B4 dgS Wellstel FAg vgdsE oplst
tH{16-18].

SAPO-34 ZHl 2] A3 HjEdslE AAA717] S18l W& E A
AES gt ARE TTHIIIAY Sl A 2718 2dskhs B
Eo] A7Eo] o3 vk FHuje] A A7) A W ¥ A7) F
7he REEET QRS B4 AgS TIAIZI o|= 8 3 3
Aol ofst Fuj ] n| syt AAE e Ful| o] Frleitt. wet
A SAPO-34 Fu| AR MEsAY Wz Ales Fds] 218 Al
WA, 7] 182} 5 vz Ay FHEAE AR 3o AT
S0] AaA o] ghrH{19-27]. Choi 5{19] SAPO-34 Fulj] 4k A2
£ &3 N e A 3 v 2 9 wlo]a 7 Ay R E
SR ol Sl ] Aes FIAIZ T Kang 6120 ®
4 Wi H(carbon nanotube, CNT)E 22} FH =4 E o]&-sto] wz
AleE 711 SAPO-34 FHilE AIZEISITE CNTE F7isto] Alxst
SAPO-34 Zvl|i= DTO WH&-oll4] 7]& SAPO-34 Fvlje} H]wate] 7}
2 et A Sew Y we) s YERITh Cui B21] EE
ol&d ¥l Z2]Z(polyethylene glycol, PEG)S W Ay FLAlZ AR
ate] AFAR 725 71 SAPO-34 FHulE AlxEic

¥, 7] %= Kchitosan) & M2 Ale FEAIR ARESte] Hlx Alee
Pk A7 EEe WA= QIrH28-32]. T1EARS 2FdelA
AAl Tl Thedl AAFeE F FHE 7HA AL Stk Witton 5
[28-30] 71EANS o] &sto] vkl Ae7hE Alxskslen, 7] £
T gel®] pHS} 7| EAL 71 wiglel] whe} ookt AlSA F22E 7}
Az A7t 53A7 AT Buskgich 8 7] EARS vlo]
2 FHEARE AESlo] vRwta Rl AFTERE 2 Al B
2|2 (monolith)©] 8% HILSFITE Li 5311 7hal A3 7] =At
Blo] =2 A(crosslinked chitosan hydrogels)s #|-&2}0] E(zeolite) §+
4 el H7kstel a717F A2 AlgEolE ARE AN IT B
3ESAL) o9l o), thkdt AT Holol| M W Ay AR 7]EAL
= A8sieh

mebA] - ATellA= DTO HHollx SAPO-34 Fvfie] s &
& FA o7 JEANS Wz Ay FEAIZ ARESe] AT RE Zte
SAPO-34 Ful|E Alxstazl sigit. #HAe] Ful Alx 2718 2l
s7] A8l 71EAe] HlES ®E st AES Wil Ed
SAPO-34 Ful|e] 4 TdolA] vz Ale-S AEs] FAA1717] S8l
F|BAMS | wt%s] oHIE Ak g0 galjato] ARE-3lsith S &
W] Egj3leld EAJS XRD, SEM, N, adsorption-desorption iso-
therm ¥ NH;-TPDE ©]-8-3to] #A3}3{th. DTO W& 343t A
8 Fule] Y A Y9 ek vXe FEE sl

fu

olo ot ofo

]

38t H 32 A A 3 = 2021

& . vk . 71

fol

T i=xet

Table 1. Nomenclature of the Synthesized Catalysts

Nomenclature Concentration of chitosan solution (Wt%)
SAPO-34 0
SAPO-CHI 1 1
SAPO-CHI 2 2
SAPO-CHI 3 3
SAPO-CHI 4 4
2.4

2.1. S0 M=

SAPO-34 o] 949 93] Si, AL PO] A7Al BAR 77} F2o)
o AE]7LUDOX-AS40, Sigma Aldrich, 40%), &F0|Fo|AX 2%
A}o] = (aluminium iso-propoxide, AIPP, Junsei, 99%), 214K phosphoric
acid, PA, Samchun chemicals, 85%)< ARE3SIITE 7% -S4l (structure
directing agents, SDAs)= HIEZEAER 310 =F5AM]| S(tetracthy-
lammonium hydroxide, TEAOH, ACROS, 25%)%} tlol|€oll(diethyl
amine, DEA, Junsei, 99%)< AHE3IITE W AlE AR 7| EAL
(chitosan, Sigma Aldrich, medium molecular weight)< 1 wt% OFE
“Hacetic acid, Daejung, 99%) £Nol gaflstod AMESIAATH

SAPO-34 1= 1.0 ALO; : 1.0 P,Os : 0.3 SiO, : 1.0 TEAOH : 1.0
DEAC] 2 2402 ysisleh Suig FAsk] 2o, ek ool
ZIEARS 1 wt% OMAIE AF g9llo)]l W 70 CeollA] 24 h F<F wHlsk
o] 71EAF &U(1, 2, 3, 4 wt%) S A Z3I3ITE SAPO-34 FHulE A%
3171 2130 16.997 g2] 5ol AIPP 16.240 g, DEA 2.908 g5 2 h
Bt £33l e, 9.075 g2 QAES A tHmix A). ]9k §A
of, Zzolg Ag7} 1.773 g3} TEAOH 23.183 g& &3 thmix
B). ©]%, mix A%} mix BE £33kl 90 min F<F WRFSH] gel E3
& A9lt). 71EAte] A7k SAPO-34 FH1 9] gel EFEL 7|EA
£ 5 g ol AF T gel EF=oll H7ISE 52 h FF W]
dojFith o] F, HF gel EFES teflon-lined autoclave®] &7 200
TollA 72 h Bt 74 dsisich A4sle dES T75 2 o
BEE ol W AHE F oFsigion 60 T X3 28olA 12 h
et Axskgleh AxE BEES 600 TolA 6 h 52t 2Aske]
% A3E<1 SAPO-34 Fv| 2 7)EAk] H7HE SAPO-34 1S U]
o} 71EARS H7ste] AlZE SAPO-34 FrllE Tl AR 7|E
A 8949 Fieol e} Table 13} o] W sigith

22. 54 2M

AzE Fulo] 44 2= XA 3 F4(Xray diffraction, XRD,
Rigaku DMAX-3500)3 53l 5° <2 6 < 50°9] W&ol dojzih
XRD #49] =74 Akt A= 22 40 kv 3 30 mA°]Y CuK @
EALURAE ARSI Sull 27 2719} Felle FAF A dnA
(scanning electron microscopy, SEM, Hitachi S-4800)°. % ¥+z-35}¢Ich
A FEE 524N, adsorption-desorption isotherm, Micrometrics
ASAP-2020 analyzer) 412 12| Brunauer-Emmett-Teller (BET)
H3EHA T 75 B3-S gIsh] Hdl F3sksick el A 54
Ammonia temperature programmed desorption (NH;-TPD)-& ©]-8-5}%]
Z33klck HWA, 02 g AEES 30 mL - min"¢] He 32 3ol 2 h
59600 Coll EA4glslsich o1%, 100 TellA | h F< NH:E
o] F=ste] FXAIZTE el F2¥ NH;= Heg F9] S8
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Figure 1. XRD patterns of modified SAPO-34 catalysts.

o] AAsIIE 38t F21¥ NH;9] &2k 100 CHE 700 CT7HA 10
T - min'9 $& £5% 30 mL - min'¢] He &5 3] 23y313ct
22hE NHy+= @35S 3%E7|(thermal conductivity detector, TCD)7}
A2 7k AZvEE 183 (gas chromatography, GC, Donam DS-6200)

= &3 EAseith

2.3. DTO Hk2

Az ] DTO W2 14F A9 ¥-87](0.D. = 11 mm)E
ol-gato] ti71gtelA stk 0.2 g EHiE vkS7] F3te] 24
S, 1 h 53400 CollA N, 29171 stoll AA el Az &
DME®} N, E 1 : 39] Bun]|2 A& -3 4 7](mass flow controller,
MFCO)E ©]&3t] 333k3th. DMES] WHSV (weight hourly space
velocity)= 3.54 h'& F2I81th Rk WFES ZAM7 A= (capillary
column, HP-plot Q, L 30 m x ID 0.32 mm)3} 2% o]&3} A&7
(flame ionization detector, FID)7} “&-2F#l Online GC (HP 5890 plus)
< AREste] E4skelrh

3. 44t 3 nE

3.1 S0 54 24

TEE S Ad F2E TRoeb] 218 XRD A& AAIEH
I 1 AIE Figure 10 YERATE BE FHull= o) =7elA B1
H FHRpo| E F3e) Fdehe 3 93 9XE JERITH33]. 71E
AHS H7Ysle] Al 23 SAPO-34 E1ll= 71E2] SAPO-34 Z1ie} Bl
sto] F7HAR1 31 97t WAskA] FdTh ol Sl Alx #ge
A F1EARS] ML EHull A FFel S vFA] U A
o] gttt

Figure 2% SAPO-34 Zwljo} 7|EARS H7keto] A|%35k SAPO-34
Zulj] SEM olu]#]o]t}. SAPO-34 Zlji= A Fejel 2%
8 S VERAITH33]. B3, 7| B4R HTlste] A2 SAPO-34
Sull= A o] dAo] BEFHSI ol Y|EANS] M7 4
A Tzl TS VAR G ongith REd, H7bE 71 EAR)
oFo] S7hskel wht dE Sule] 474 1A ARET AR Rl
2 Uit 53], Addo® 22 550 7| EAl §98 HU)sle]
A|Z3+ SAPO-CHI 3 W9} SAPO-CHI 4 ZvljollA] F2 A% BHo]
T ol st AX S vl A I T 4 DAl A
7 Wl EAE k] 7|EALe] AaEE gl EAishs A
o7 sekEnh

Figure 2. SEM images of modified catalysts: (a) SAPO-34, (b) SAPO-
CHI 1, (¢) SAPO-CHI 2, (d) SAPO-CHI 3, and (e¢) SAPO-CHI 4.
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Figure 3. N, adsorption-desorption isotherm and pore size distribution
of modified SAPO-34 catalysts.
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FAE FHle) 7% BAAS BAs] sl A g9E e 1
83l 1 AE Figure 30 YERASITE 3% B Fvll= IUPAC
of|x] g eJgt wio|A2AE Bl sldshs type 19 §3 248 U
ERAT) 71 EARS: H7lete] A2 SAPO-34 Zull= P/P, > 0452 A
of tollA 3| AEIEA A(hysteresis) S LFEFNCE o] Sull Aol
Z AlFo] EAsth= A& on]sith21]. 53], SAPO-CHI 3 Zwulje]l
Al 7hd & s|zaER AT BEE e, 7P S Hlx Alse] 34
Hth= A4 9Jujditt o] Figure 39] BJH 232 %5-E] SAPO-CHI
3 Sufolld 7H W wx Algel FAEtHs A 2 dAsi

Table 2= Al¥ Fule] Alg A4 W F3& JZslsto] vepd
o)t} 7|E4kS: H7sted A|lZ2et vl 7| EA Mol 3 wi% /)
2| F7VelaA] Bl vsEw ] W o) s AE vERleh ek Wz
npo] A7 AlFe] Fy T Frtslt 53] vE Alwe] Fu)7t 34
7kt Ao ® BT o] VM 7|EAbe] S A4S
She =7 dAe) 2 E3tEo] Wz Al YEYAS PSS 9
nlgict 1y 4 wi%el] 71EARS H7hste] A|Zgk SAPO-CHI 4 %
uje] A, EAA 9 Ay F37F A3l o)== SEM A iellA
B 5 ol%o] v 7|EAR A7k s A4 Al oF 2 J%S
u)x] EWA 9 A FI7 AT 2SRt

Figure 4= 2% S7Fol whet Sufjoll F2be mofe] &3 54
£ BA3 Ayjolr, o]F FHFH o7 AAIElo] Table 39 YR
th AzE BE ZuiE A2290~310 T)F I1-2(470~490 C)elA

X
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Table 2. Textural Properties of Modified SAPO-34 Catalysts

Catalyst Sper® (m* - g?) Smicro’ (m” * g™ Sext” (m? + g Vroa (cm® * g Vaiero” (em2” + g1) Vineso” (e’ * g™)

SAPO-34 536 525 11 0.279 0.274 0.005
SAPO-CHI 1 544 531 13 0.291 0.280 0.011
SAPO-CHI 2 551 534 17 0.290 0.275 0.015
SAPO-CHI 3 567 540 27 0.323 0.286 0.037
SAPO-CHI 4 550 531 19 0.292 0.276 0.016

* BET surface area and total pore volume were derived by applying the multi-point BET-model. ® External surface area and micropore volume determined by t-plot.

= SBET - Sexts Vimeso = Viotal = Vmicro-

Table 3. Acidity Measurements of Modified SAPO-34 Catalysts

Acidity: NH; desorption amounts (mmol - g™
Catalyst - -
Weak (290~310 C) Strong (470~490 C) Total amount
SAPO-34 0.683 1.287 1.970
SAPO-CHI 1 0.978 1.276 2.254
SAPO-CHI 2 1.087 1.347 2.434
SAPO-CHI 3 1.183 1.316 2.500
SAPO-CHI 4 1.004 1.259 2.263
—— SAPO-34
—— SAPO-CHI 1
—— SAPO-CHI 2
——— SAPO-CHI 3
—— SAPO-CHI 4
=
&
z
s

T T T T T T
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Temperature (C)

Figure 4. NH3-TPD profiles of modified SAPO-34 catalysts.

AGAQL 7)) fdrdol 92 v YRt AL o] o
Huo} &3l 935 SAPO-34 Fwle] oRit Fo® A-gsh 12

A=}
n
O] Rl &2 gl A Hell V/lshs Zo0® ByEo
[34]. Figure 4914 71EAkS 7}8lo] A|Z3 SAPO-34 Fjl= 7]&
2] SAPO-34 Fulle} vlwste] w39 o]Fo] A FFHA] UL
939 A= Ak AL A71E SJrlshsd27], 7IEAR] 7T S
O] AR A7l ks PIAA] gkthE 2s VeIt REde), 71EAY
S 7hx% SAPO-34 Fvije] ekt A HE7F 712] SAPO-34 Sujjs}
n)wsle] Ags] F718E 1S Table 304 218199t} £3], SAPO-CHI
3 Zujje] okt A HEE 7]E SAPO-34 9] FEr ) ok 1.74) o
2% 1.183 mmol - g'& YERQITE 2l Hof ddshs #2419
22 9] 3= Fuj] ol EA18k= hydroxyl group (P-OH, Si-OH and
ALOH)ell 71R1%E 2o okefx] 9luh3s]. e P s Aa S 4
A& T3l e 9P EHA L] TR 18 Fujl el v hy-
droxyl group©] EAfte] Rl Ho] Tk o ARt
71E2kE F71ste] SAPO-34 FullE AT w|, ol 274 el vl
Z Aol BAH= S Figure 50l YERASITE Saff 34 ©Aol

25t M 32 A M 3 F, 2021
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Figure 5. The proposed routes for mesopore formation in a SAPO-34
catalyst.
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Figure 6. DME conversion over modified SAPO-34 catalysts.

A 71EAto] Gl obHIEAL GolE T geloll H7Fsto] U
FAAIZEE 4 geloll A 71EARS A T4 DAl Suj) A
e ek 24 dAsd @A AAskEn o), Sl 2% Ui
of EAlehs 7|EAke 24 3ol AAET e T 71EA
o] AAE Fu A4 Hell Wl I35 FaAl el ol Sujel

OP

Hz Algo] FAHUSS u)sth
3.2. DTO HFS0IM2| =0 &M
DTO WH&-2 400 CollA 145 W72 F333F5 o A7ke] &

%01] w2 DME {882 Figure 6ol YERISITE W8 27] DME &
2 FE 2E FulolA 100%2] AF-ES YeERfgi o), Azt
ol upgh FA45 v dojut hasigl olest v)E
Hﬁ% T3 FHOR Ak B Ao &4 W S ET AGE 719
B4 A wafo] 7913t 22]. 1] 18- DME A$H80] 90% o1
A= we] A7ke g Aoliar o5 Table 41 YFERHSITE SAPO-34
CHI 42 A|28ta 7|EALC & JixH BE Zuj= SAPO-34 1|5
e Ev) S YeRIth 53, 3 wt% ] 71 EARS 78t

Lr'

kv
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Figure 7. Selectivity for light olefins over modified catalysts: (a) SAPO-34, (b) SAPO-CHI 1, (¢) SAPO-CHI 2, (d) SAPO-CHI 3, and (e)

SAPO-CHI 4.

Table 4. Catalytic Lifetime of Modified SAPO-34 Catalysts

Catalyst Life time" (min)

SAPO-34 82
SAPO-CHI 1 85
SAPO-CHI 2 122
SAPO-CHI 3 140
SAPO-CHI 4 76

* The catalyst lifetime is defined as the time during the reaction until DME conversion
drops below 90%.

o] A% SAPO-CHI 3 == 140 min®] 7V 71 v 4S5 53
o 7)E SAPO-34 Ful|g} nlwate] oF 1708 FE S S
ERl). ol2fst Ful| o] Frhs WA 7] 549 wslkel #lo]
Stk 7|BARS HTlste] AlxE FHule 7]£9) SAPO-34 FHvjHT)
rHAm| R, 9FuauA)y nfola2- vz AT Fu7t S
t} E3), Wx Al 539 Z7H= SAPO-34 9] @ mHoA U
R = Qe 71 FAH o= QI3 B Ad Ad A4S 9Elehs
4L shs Aoz AtsEnRs] 9, 3 w7k 7|EARS R JlE
% SAPO-34 ZrllollA okt o] wTrt S8 2o w2 veldt) oF
b Ao ww Sk 2e wkeS fRgoEM S ¥ § 73
o] AA¥} Zjo] BB EE XA B Qs AoE Helth
[36]. 12t} 4 wi%o] IO ® 7)EARS 3 ete] A3 SAPO-CHI
4 e g B S Belor, o A4 Z7|7 Ao s
Edst 548 vehdelth &, 71EAR] vt Ao ulg-
FOH, SAPO-34 Fvij o] A7 Aol Wt dF= mA= Ao A
gtk Aggog HH EmE Az 3 7B A I
3 wt%dS Felsksich

Figure 7<= DTO ¥4 3MdH Svlee] 24 o9 A
vebd Aok Wkg 27] A SdA AU S oF 70%E
Stk 9hE Alzto] 75 min FHEE o, B S A9 Es
o] ok 90%0°ll =gt} 71| SAPO-34 Fvlj9} v]w S
A71ste] A|Z3 SAPO-34 vl adEl A el AU EE e
Stk £31, 90% o)Ake] A4 Suld AUEs Ads] ol A7k &

2)3k5it) ol F1EARY] B0 R wE Alwo] et 71E Ui
o 3 FZHo] XAgo] B Ly AL} o] o7 FAE Ao
2 Ale"URe]. T3 T Aur Zr) #EE ) o)
71 2717y 7kl whEk AuiF e s 2717F & Z2A-o] Yol
A Y75 O st ZHsIeS ulsith A84 0w, 7|E
AFS] H7F= SAPO-34 Erjjof| HlZ AlT-S EYstgon 7F A71=
S7MATE 1 AT weE W AE] B4 AES Ao
T3 FA 55 AsAFh T3 7|EALC 7 /fZE SAPO-34 =
s 253 S-S fEshs o o) st S7HITH36). o=
QlEll, 7|EAkS 2 JlZ2% SAPO-34 Fvlli= DTO WSl 72 34 e
o3t & E) A A o] FdE ST A ST AueE vE)
Y= Ao AlgHc

4.4 E
2 AT E DTO BESOlA Ful| 71 S-S B o= vz Al
AZA 7|EARS o] 838}0] SAPO-34 WS A xsl o o
AES Atk 71EARS H7l8te] #1238 SAPO-34 ]
o] SAPO-34 Ful|e} FAst oA Helel 4% F2E e}
ghlsllet. x4, Wiz Al 73 9 it 9] X 7
o] 3 wt%Z7HA Eoldel wet S7FFI O, 4 wi%l] 7
e A AT W A AE SR AA el e o
S v A= AoF UERIth 3 wi%] 7| EARS: H7keto] Alxd &
W(SAPO-CHI 3)&= 9t 9] w57) 7P #9kom, w4 4l vz
Al 97} 34 Z7Vekqicy. 1 A3, DTO ¥h-ol4 SAPO-CHI 3
Zulj= e v1EAs A a9} §74 SAPO-34 (82 min) 2}

ato] 71 71 Zuf (140 min)S YERACE 3 AR 29w
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