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DTO (dimethyl ether to olefin) RF-g-ollA Fvl A58 3/dst7] ko] GAakel

o3k SAPO-34 Al =9 Ak A FETFS

Al WA TEAOH (tetracthylammonium hydroxide)2} DEA (diethylamine)S TFZ-SA 2 A&t HS A e
£ 2t s 3719 SAPO-34 Al 5E Y T Alxd Hrle Gt sE 9 A A RIFE sk s

w9k 2 Az, S5 AEE AEE F BHe] FAY 3 F ujEdd U
, APdERo] tha Zhshe Ao R Yelgt) 53], /1Z 9 SAPO-02 M (3 h) A& Aol 2] DTO HES-ol A Sl
Wy A4 g A 24 SAPO-34 A 59} vlwsle] A SdE ek o] RS FA FAol 9% n| &3}
=2 BHO 71T YelA Aoz w2 REths A8 ojulgitl whekA AF X2l SAPO-34 |
- AAE MEFoEN Fuo s FNT F v Gt HAS I

2% 9%

o4y =

nfol A= Al gR-u 7t F7hekgle

Abstract

Effects of the post-acid treatment of SAPO-34 sample by hydrochloric acid were investigated to enhance the catalytic perform-
ance in DTO reaction. Uniformly sized SAPO-34 samples with cubic-like morphology were prepared by hydrothermal method
using TEAOH and DEA as the structure directing agents. It was modified in terms of the HCl concentration and treating
time. As a result, the total surface area and micropore volume for the well modified samples increased and the total acid
site was somewhat decreased along with the erosion of the external surface. Especially, the catalytic lifetime and light olefins
selectivity for acid treated SAPO-0.2 M (3 h) samples were considerably enhanced compared with those of untreated SAPO-34
samples. It indicates that the deactivation by coke formation proceeds mainly at the pore entrance on the external surface.
Therefore, the acid treatment was confirmed to be a simple method which can significantly improve the catalytic performance
by modifying the external surface of SAPO-34 catalyst.
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Al AERENE A4 SH9s ek e & 7S v §)
TH3-10]. DTO (dimethyl ether to olefin) & MTO (methanol to olefin)
TS AW, AA7EA, vl oA i M TkAE A Rste] A
A SHae Aeks T3 Zlseld o]Yd 3L 71EY v
e} Tl 3 vlaate] B 3 25(400~500 T), B o)Ak
sheba WSS 183l st A SUW(Se] ZEAR) AusE
ebl= g3o] gith ole Hate] DTO ¥4l A5EARE ARE-
%= DME (dimethyl ether)i= LPG (liquefied petroleum gas)%} 3}5+4]
EA4o] fAFsl7] wlEell LPG &+ Q1ZekE AHge A An®l)
ggo] A 7= Edolti11,12].

SAPO-34 Zvlli= DTOY MTO 4< {15t 7H st Jull=
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Table 1. Nomenclature of the as-prepared and Acid-treated Samples

The acid treatment conditions

Nomenclature
HCI concentration (M) Treating time (h)

SAPO-34 - -
SAPO-0.01 M (3 h) 0.01 3
SAPO-0.I M (3 h) 0.1 3
SAPO-02 M (3 h) 0.2 3
SAPO-0.3 M (3 h) 0.3 3
SAPO-0.2 M (1 h) 0.2 1
SAPO-0.2 M (5 h) 0.2 5
NiAPSO-34 - -
NiAPSO-0.2 M (3 h) 0.2 3

E%E]ﬂ oAtk SAPO-34 Fulli= 3.8 A x 3.8 A] A& Qe 7.5 A
2 AS] W caged Zhe AAMIA TRl E 2E T 5
tﬂ Gd g 540 Q18 DTO WheellM w2 3 a4
% SAPO-34 Fw|9] &

J%me 1—4

5 Yehdoi13-18]. 184 DTO W&
F(cavity) WollA thgk WEkE $}5tE(polycyclic aromatic compounds)
9] Aol 711k 3= PAdo] sAlell XA 53], Td= Sl

A% 9% BHO) 71T QAN $AHOE FYHE sz deld
olek. ol <ls) A% el Aelgls YL Fo wSEY i
o AFE Wror], Zul 175) Y8 Bri19-21]. WebA DTO
T MTO W3 Sulel 55E P A% WHORA WS
291 S BRE 7717 A% Sul Aol @

B, Algetol s Sulo] QEelx getultt 8l WAt

o) A o] FRE AloE HAHo R dAE ASTe|EL] & A
o] A8l A5 A TH22-27). Verboekend & w=2H41Q1 4t
(HL.EDTA % Na,HLEDTA) 121 $37|(NaOH) | 2lel <]a] #l&z}o)
Eo] i;dx% E/H o] Bq;,;]_ oio] Yy 4 gl USY xﬂﬁ_g}o]zoﬂ uﬂx ,q]j'__o_
skt Rarskdth23]. Xiaoling 5 5743 A Hglx sf

o] HEU-1 Al&elo]EQ] wx Ay %9} oF ®HZo] 84
T Use HIEIT24] rﬂ% ol9} T2 & A ‘”‘1‘10] Al&et
O|E =Zo| Hx Aﬂ% st 2
A 9% WAL
DTO % MTO
[28-32], Molw&o] X3 F HJ A Z[33], SAPO 34 4
3 719134-37]19F 2L vhekst A7t FREASA B, SAPO-34 =
o] AF A 2] ¥ (post-acid treatment)e]l 2]t 7Hﬁ AT= ALY
A gkl IR ol SAPO-34 FHulz} Aol okl Alpo
(aluminophosphate) & 5+ FZ 0.2 3} Q17] WliEo|& o= F5
=y

whEbA] 2 ATtellA =
=187] $13l SAPO-34

2 A2)7F SAPO-34 Flfel] A= FFEE
AlE7del At AE e 4
A% SAPO-349] A gl A A& wsh] skl tiekst
Akl ol e AIZFS MR Flo] Sralait). ek kol )3t
SAPO-34 A58 4F A7t Fufj o] Bejslets] B4l vx= JETS
2R1sk7] £l SEM, BET 9! NH:-TPDE AH&-3t0] 43!
7} Ak A2 ¥ SAPO-34 Fu| “JellA DTO W&

3 Ak A 2xdo] Fujl 9 E A ¥ A

T8hrk
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2.1. SAPO-34 0§ &

SAPO-34 Fwie] & 9l
Sigma-Aldrich, 40%),
99%), 2 214Kphosphoric acid, Samchun chemicals, 85%)¢] &% &
ARA Ao, HEZY 3jo] == ALo] 5(TEAOH,
Samchun chemicals, 25%)%} Tlo|€olI(DEA, Junsei, 99%)°] %
- All(structure directing agents, SDAs)Z A% 31t} Nio] 4ql=
SAPO-34 (NiAPSO-347 W ¥)o] A= 7S¢l Ni(NOs), - 6H,07}
Ni¢] AFAZA AREE ]I

SAPO-34+= TS AREate] /= iek W4, AIPP, DEA
u] Eloi e g%g} Jg_ouoﬂ o1 Ak %oﬂO 2 h =<t /\1}\1 o] ) 0]_3141—4_
o] & E3tER FEold AE|7le} TEAOH NS 1718t &
ol 1 h &<k WHFEIITE NiAPSO-34 A2 AlZE 93 4% Ni A
SAE 1 B W P ST DA, £ HE 2
5 242 1.0 ALO; : 1.0 P,Os : 0.3 SiO; : 1.0 TEAOH : 10 DEA
: 52 H,O (mol)©| 3t} 2 EF-E-S Teflon-lined autoclave®l] Wi 2
g3k 213l 72 h 59k 200 CollA] 7FARCE dojxl APES o3t
9 AH3ET 12 h F9H00 Colld Azx3qleh Az AdEZ6h &
Qb 7] w9718 600 CollA g

olsto], Fzo|d A#FHLudox As-40,
dFu]E O] AZ R LA Z(AIPP, Junsei,
=ur

AEH

S 3lollo

2.2. AF X2
SEAHHCI, Samchun chemicals, 35%) *2|E A5 Al =9 A2
A7 MR 5k AZFTE 4 g9 /9% SAPO-34 = NiAPSO-
34 75 mLe] Bl Efslar EFA17IH 50 TR 7FAdsIich
T} S 1 B gNo R Pk TR G4 S 75 mLE 9

e AIZE ok A43) Arlsldnk dolxl detel e oekga) gl
TE o83t F A AlE 9 At &, ZF st 60 TolA 12

h ger Azxstgith Az AR F71%917] 5 600 Tl 1 h

QF 2P e o Axd ’\]EE?_ Table 1¢] HE =3Ik
2.3. B4 &4
AzE AE2] G4 AxF FAF @r]7(SEM, scanning electron mi-
croscopy, Hitachi S-4800)] 2]l 2= %{T}. Brunner-Emmett-Teller
(BET) vlxWA¥ Alygzes A4 F22 524 (nitrogen adsorp-

tion/desorption isotherm, Micromeritics ASAP-2020 analyzer)°ll 2]3|
EA I 9] A E41S NH:-TPDS ARE3Slo] =4 H ek 2
2 4,02 g8 AFH AEE 30 mL - min'9] He 35 3ol 2 h B4t
600 Celx EAgch NH: 71A17F 1 h 53t Al5E E3)eh] 918t
&1 100 CollA FYEATE NH;E S28E v, AlE+= TCD signal©]
NH37} §Iiths 1S A A1E Wj7h4] He &5 stollA] fAI=3ic) slst
F29 NH;9] 222 30 mL - min' 9] He 3 alol|A] 100 CH-El
700 C7HA(10 C + min") 3% Ak,

2.4. DTO B2

DTO RE&2 44 3t 14 T 419 ¥&7](0D. = 1.1 em)E °]&
sto] FREUTE AIE 02 g& REE71e] FXI8kAL 1 h 5<F 400 Cell
A AAE Pk dAE] - DMES AA4AE A4 7] (mass flow

controller, MFC)E ©]&3lo] Hsh=
DMES} A4 £ 7k2e] o] vl
WHSV (weight hourly space velocity)= 3.54

=
o H&%ﬂi B s
1 49t} DME2)]

1’4— DTO kg A8
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Figure 1. SEM images of as-synthesized SAPO-34, NiAPSO-34, and acid-treated samples under various treatment conditions.

250

o 200 Js——=

=

)]
‘o
g 150 1

L voos -+ SAPO-34

o F —— SAPO-0.2M(3h)
@

Q T oon

2 100 £

o .

% nU’ 0.002

? —— SAPO-34 5

o JRE— @ oo

2 SAPO-0.1M(3h) |

3 ——SAPO-0.2M(3h) | T,

> —— SAP0-0.3M(3h) . - .

Pore size (nm)
0 T T T T
0.0 0.2 0.4 0.6 038 1.0

Relative pressure (P/P)

Figure 2. Nitrogen adsorption/desorption isotherms for as-prepared and
acid-treated SAPO-34 samples (inset shows their pore size distributions).
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3.1. E0f E4 24
Figure 12 vjeksk 4F 22 2718t A A28 SAPO-34 A8
SEM ©]u|A|E Ehdth SAPO-34 2 NiAPSO-349] 739, 7]&9)
SDAsZH DEA 4! TEAOHE ARE-3H o]x A Az}l fASHA 1~
5 um W9 AA715 Ve oH, Ml YalaA Fer) §E
A TR ATH3R]. A Xl 23] 7lFE SAPO-34 AlE= 7S]
SAPO-34 A7 9% e vlal] ©] AT 2¥ xHo] BEEG]
o, Akl Tl A ARt SESE AT S
H =Fols eEhA] §gkoL), AF X FEE 04 M oo F
Vet A AY e o8] FyEE Ao el
Figure 2= 373 % SAPO-349} At A2]% SAPO-34 A|59] A4
g2k 529 Ane] g Ro|tk BE A8 Type 19 3= 5
AE vERiTE 52 Aol veRd ¢F pp, = 00142 F4 %
T4 AEAQ vlo]|AR AlF ol siFEH, o] A= DEAS}
TEAOHE TZHEAE AME-ste] $4d3 SAPO-342] o] A543}
9} AAFT38]. AF HEwE Full= 2A| SAPO-34 Flle} v wstoe]

rfo oot

elizof] uX|i= SAPO-349] AF A2] &} 219

(e) SAPO-0.3M(3h)

Table 2. Textural Properties of as-prepared and Acid-treated SAPO-34
Samples

Catalyst SZBETa_l Vr;licrob_l Vryesoc B Vgotala B

(m™-g") (mm -g) (mm”-g) (mm-g)
SAPO-34 540 280 52 332
SAPO-0.01 M (3 h) 569 297 50 347
SAPO-0.1 M (3 h) 570 297 39 336
SAPO-02 M (1 h) 551 278 39 317
SAPO-0.2 M (3 h) 610 318 45 353
SAPO-0.2 M (5 h) 550 286 53 339
SAPO-0.3 M (3 h) 505 274 55 328
NiAPSO-34 550 282 43 325
NiAPSO-0.2 M (3 h) 610 315 39 354

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

¢ The mesopore volume was calculated by subtracting the micropore volume from the
total pore volume.

2 Al FxolA 9] F Bighs S XEE vle]|3E Al §-39
Ao WEE wakshe Zlow yehdth Al 2] EEEA
SAPO-0.2 M (3 h) A 22| 7% SAPO-349} Bl w3l 1] A3 vlo)
AZ MY EEE YR o] Ak 22l &3l SAPO-34 A7 %
Ho] WA et 4o sen nlo]g 7 AlFe k=
vz Frhel FHF

Ak 2E)d FHEe nEAd Y RS Table 20 FFH oz
etk 24 SAPO-349} H]w3le] SAPO-02 M (3 h)2] 7% Hl
Ao s F71819l AL, o] SEM ©]W]A|(Figure 1 (d))olA 1}
i Fvl] 274 ¥ e] ARErY SR 3 Sk £3 G4
3 A3bEo] AF 2 E NiAPSO-34 A BolA = gelggich

A& E A Fullo] 4F Xzl dFvlE IAE AEATIY Wz
gaA 7290 E8lo] 7bsd Zlow wud ub Qlul23]. 1@y
SAPO-34 Zuj|e] A-¢, T2 A&l Eof| vla| =& AUSI &R 7
JEPE Wk ofde} 7| F P27t AlO-P] AT 02 T E| o]
Q7] wiEoll, Ak Hejzbgell A4 FromRE| o] HAHQ vt
AP BRZ o] PO R wZ MFE FET F ke 2 st
o} w2, AHeh AF A FrelA Ba) SAPO-34 27 EH o] 34
& W ARE T A Fulje] v AT vlo]a R My Fu
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Table 3. Calculated Acidity for the Prepared Samples

/g.m

Acidity : desorbed NH; amounts (pmol * g’l)

Sample Weak acid sites Strong acid sites
5 - Total calculated amount
311~337 C 470~493 C
SAPO-34 410 364 774
SAPO-0.01 M (3 h) 403 349 752
SAPO-0.1 M (3 h) 354 371 725
SAPO-0.2 M (1 h) 348 368 716
SAPO-02 M (3 h) 323 381 704
SAPO-0.2 M (5 h) 307 355 662
SAPO-0.3 M (3 h) 288 345 633
NiAPSO-34 543 380 923
NiAPSO-0.2 M (3 h) 454 392 846
(a) SAPO-34 100+ —=— SAPO-34
(b) SAPO-0.1M(3h) 90 —e— SAPO-0.01M(3h)
(c) SAPO-0.2M(3h) —4— SAPO-0.1M(3h)
(d) SAPO-0.3M(3h) 80 4 —¥— SAPO-0.2M(3h)
—»— SAPO-0.3M(3h)
= ;\-@x 70 4
::; g 60 -
= g
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; 3 70 4
- & s0]
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Figure 3. NH;-TPD (Ammonia-temperature programmed desorption)
patterns for prepared samples : (a) concentrations (0.1, 0.2, and 0.3 M
of HCl), (b) treating time (1, 3, and 5 h).

7kl &3t dvks AS 1% o QASith

A E SAPO-348} AF A E]® SAPO-349] At BAS H4517] ¢
sl], NH:-TPD A3l& a3t em, 1 A= Figure Table
-H AlH LS Z=3) ]_oﬂouq QJ,]. 3;,]_ bl 30]]
Qeoksto] UEbAth 1 A3k 311~337 T 470~493 T H9]ollA
247y okabd gl Ao a7 N Eket dEyo} %@ 7
A7} veReh17].

b AE Sl it w59 A AlRle] SME 4Ry
93k 939 I7P7F Asglon, Axke F abEe] otk 3ha
Gk T3k R Yol &2 170 YAV W 0] YA|E 9]
ek 779] A wishs A=) Fhas) tiEo] Fuo AAAd
A9 A E oulsith o) AF Aol o8t AlgetolE Al Fl9

35kt Ml 26 A H 25, 2015

0 5‘0 1 (I)O 1%0 21‘)0 2%0 3l|)0
Time on stream (min)
(W]
Figure 4. DME conversion of the acid-treated SAPO-34 samples in
DTO reaction : (a) concentrations (0.01, 0.1, 0.2, and 0.3 M of HCI),
(b) treating time (1, 3, and 5 h).

Abe 24 AFA Ikl fARFATH26,27]. SAPO-34 FHulli= T A
A7k & Si }éﬁ vl Si 92k 98 e whet AberF A
[39], SAPO Al U Si 9xk= A% uiF-rok 2% 2 xde] o 5
sHAl FAdE T OLEW SItH40,41]. 53], 24 SAPO-342] At 2] €]
= AATgelA A 9 mHolA AddiHeE i Ale] FH-8
el ol Si AR AA FEE vHoEA FHlo] A ES
Al Aow Pk
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Figure 5. DME conversion of the acid-treated SAPO-34 and
NiAPSO-34 samples in DTO reaction.

3.2. DTO HRS0lIM2] Z0i MsEIt

DTO HESolA Az AR Fuld - AP 400 C 2
3.54 h'2] WHSV Z7olA 3= )T} Figure 4= A28 S Aol
A1 B Azt E DME 388 Ul T# ol #HZA 2] Ab
A sEE Flsl] sl A AF AREE 3 hE sl AP

SAPO-34, SAPO-0.01 M (3 h) @ SAPO-0.3 M (3 h) AlE59] A
160 min7FA] <F 50% ©]’3e] AF-&S B o, SAPO-02 M (3 h)+=
FYU AR o 7129% o] AFES FAE 0, Sl nEhg
37t 23] XA Ao® RISt o] AyEAEE 8= DTO
32 $13F SAPO-342] A4 4l 22| FEE 02 MZ Qg 4
STk S AP AE] ARk JEE ERlsy] fst AdAddE
Figure 4(b)°ll LFERATE S AF 5520.2 M)ollA thekst 212 A3t
o7 AR AREL oF 50 min 9+ $+%13F DME dg-&0] gy
o, o] 3 SAPO-0.2 M (5 hy tH& ZEol vls 543k nj&
s R o]t AoEe 71Esh At HEye] Fule] =
7 g Y ke l] F 4R E)] Fu) sl R4 TS =
Ao JAE ey AvE o R gl DTO HH35 93 SAPO-34
o] HA 2 AF A 59} M Alkte] 242 0.2 MS} 3 hels &
A om, 2dst oA AF X2]E SAPO-34 Fill= 53] 90% ©|
5}2] DME A3H&ol4] v AAdadrt T A A ElE i)
Nio] 2]2ke SAPO-34 U= SAPO =74 W Al ©]20°] Ni ©]22.
2 X 3kEHA] SAPO-34 SHe] B 4 75549 & Wigt glo] Ni
o o) Fulje] F Akl MtE o] Full SAEel FIFE vR=
Aoz WuEQJrh33]. old AFAzset FARHI Nio] xghE
SAPO-34 F1lli= SAPO-34 A|5el H]3] 3% DME Hgafo] 7
25 O H(Figure 5), NiAPSO-342] At 2] & ¥5= SAPO-342] A7}
A YEFT) &, o] Ayl A Aol 9%t Fuids It &
= SAPO-34 FHullogk A §-5= Flo] ol o o] &=
288 kst SAPO-347] FHvlole 4849 4 S gujdich
Figure 62 DTO Y30l SAPO-34$} SAPO-02 M (3 h) A& A+
oMe] Fd gywe AYTE YRt} SAPO-34¢} SAPO-0.2 M
(3 h) A1 29 A, W22 3 oF 50 min7hA] 2] 100% DME H$H
Aol A ABAE U A S dist e} oF 80~90% =

Aol mx]= SAPO-349] Ak He] &3 221
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Figure 6. Selectivity of light olefins in DTO reaction: (a) as-prepared
SAPO-34 sample, and (b) SAPO-0.2 M (3 h) sample.
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o] AR AAE A 2ER AR olEeler, ols
3= DME A5 £318H J3AIZIH. o] 2 <lal, DME 1%

BESM 00% oe e A &
S

S AT 5 e BAE BT 5 Ak

B Qi DIO WM s Bge Ao
SAPO-34 S} Theket QbS] FES) A A7) WA AL A
A=}
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