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Abstract

Effects of the etching treatment of SAPO-34 catalyst were investigated to improve the catalytic lifetime in DTO reaction.
The aqueous NH3 solution was a more appropriate treatment agent which could control the degree of etching progress, com-
pared to that of using a strong acid (HCI) or alkali (NaOH) solution. Therefore, the effect on characteristics and lifetime
of SAPO-34 catalyst was observed using the treatment concentration and time of aqueous NHj; solution as variables. As the
treatment concentration or time of aqueous NHj solution increased, the growth of erosion was proceeded from the center of
SAPO-34 crystal plane, and the acid site concentration and strength gradually decreased. Meanwhile, it was found that external
surface area and mesopore volume of SAPO-34 catalyst increased at appropriate treatment conditions. When the treatment
concentration and time were 0.05 M and 3 h, respectively, the lifetime of the treated SAPO-34 catalyst was the longest, and
was significantly enhanced by ca. 36% (based on DME conversion of > 90%) compared to that of using the untreated catalyst.
The model for the etching progress of SAPO-34 catalyst in a mild treatment process using aqueous NH3 solution was also
proposed.
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MTO (methanol to olefins) % DTO (dimethyl ether to olefins) &7
2 Methanol ¥3= DME (dimethyl ether)S 982 3lo] 24 S#a
= Ashs w0t o] AL HE AA SH¥ AdEnE vEeh
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DTO Hhg-oll wx]i= SAPO-34 Zm)|2]

= 4
QItH11,12]. 38, Methanol ¥} DMEE H 17}~ A&k 4l njo] Qufj~
ERE PY7IAE ARt AT 4 glomE AL gl dib]
e s=Eelty 53], DTO 3739 %<l DMEYE LPG
(liquefied petroleum gas)$} =2]818H4] 540 fAlste] % U A%
7} Z-e Qlxet FHo] folshy] witel AAIAQl tAAEEA ] &
go] aA 7IdE+ EdoltH13].

SAPO-34 ZF1ll= &F0] =¥ A50] E(aluminophosphate, AIPO) =
Aell delZo] A& o] = Feje] EAACItE SAPO-34 Fvll=
8-membered ring®. = TAJE 3.8 A x 3.8 A 7|9 AlF A+ 75
A x 82 A A7|Y UF FA(cage)E e AAHAZ FhkRtol E
(chabazite) T-Z=°]t}. 53], 22 A5 o2 A3l 7|7 22 A4 &
g 9 A3 vl Ay d7E 59 5 don, vergal
(naphthalene) @} 3] (pyrene) 2} o] =717} & o3 W= ghslra
(polycyclic aromatic hydrocarbons, PAHs):= A& 75 B3 4
ek Wb SAPO-34 Sl MTO 2 DTO mé M w2 Fd =
A AEss Yepdo14-17]. 37 2292 SAPO-34 FjjollA]
hydrocarbon pool mechanismell 2]3]| *ﬁ"é%‘:}. -5 WA FH)
A UFellA SR AAkH el Al (hexamethyl benzene, HMB).S.
Z A%E 5 HMBS} Whg=o] WhEste] Ad Sdlds AT
ek HEgo] JIBEHEA HMB= F7HQ) 53 9 18]} ikg-ofl
ol&l] PAHsE AgtE™ FX] UlF-ol| F2=]o] F(coke)2] Bl 71
etA dtk I whgo] WA AlKEE Sl AL 2ollA
B A=) wite] 27 UF @029 R kS Algtsto]
Zuj|o] FAT v GAIEZ ob7)3t11,18-20]. WEbA] SAPO-34
o] H|ZAEE AAANA F8-& A A3l T2 F4S ABHA
v Sl W2 R B4 dEs folsH sl A% A7t &
TE A

MTO B! DTO WheolA whe-zo] 24 e &4 8l 5190
QAL F3l SAPO-34 Zvlje] v]&AsE X|AAr717] Sl o] 55
= Z7kste] FuilE dshe WR20-22]3% S0 AAE DA A8t
o] & TS FATIE WH23,24], 241 78 =4S 7S]
AFAel SAPO-34 iuHF‘ A 252712 o] thekst At
2=l -8, SAPO-34 FH] J5& s $1sk ok Y
02 2 ZNetching)S &3+ T2 (post-treatment) X H I} T H B2
ATEo] BErh29- 36] £3], Sun 5{29]2 SAPO-34 Znjo] &
A RS Sate] ey Z—-’% 771 ATAR] 78 FEE
PASSI L= S ESa SH=g ] & 22k FREAE o] &sto] Axw
ATTZEE ZHE SAPO-34 iuﬁﬂ Hlwato] vk @X“*Q oA
Sl 973k wHolgkar B arslkar QITH29]. B3k Liu 52 SAPO-34
Zufol] dze] NS Aate] Fulje] o EH4] S} 4l vz, vl
2 Al =93 AF Fo] wisks w ualdvl31]. AA7HA] SAPO-34
o] ] Mol wsh A= FE oAl &ZE fHow X
qEglom, FIA dZE Aol we A= AL KEA Ak
o} webs] Fuje] 217 oz A FU1A 4 M2 s A8
sto] SAPO-34 €] 71 7FeAE ER1E F e do] 25-H Itk

AT A= SAPO-34 FHulo] A7t §-of 1l A z7lo] FHuje
=8)3}8r2] 547 DTO Whe-2] 77 3ol m]%] F
th Sue] A2 A E flste] gdE AE FE e,
2= Hlas flste] FAEgih A2 Sl o= 742t NH; (ammo-
nia), NaOH (sodium hydroxide) %! HCI (hydrochloric acid) NS
AHESF3ITE oW NaOH %! HCl 7-8-91¢] -, A] e 7|E
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WER ato] Fuje] Az el nX|= S Bk 24
x&ﬂﬂ SAPO-34 Zujo] Ea]5}ets 542 XRD, SEM, N, adsorp-
tion-desorption isotherm 3! NH;-TPDE ARg-&to] ERIskitt of 1}
o}7} DTO WHollA Sl 418 3 4l A w2 A we) vjx|
= g% nEA
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2.1. SAPO-34 0 H=

SAPO-34 Z1)|9] 3735 $lste] LdFu|E oA EFALO| E(alumi-
nium iso-propoxide, AIPP, Junsei, 99%), &=°]g 2]7HLUDOX-
AS40, Sigma-Aldrich, 40%), 14Kphosphoric acid, PA, Samchun che-
micals, 85%)2 217} AL Si, P2 A4 B4R Algslgon, e}
IR 3lo] =FAle] S(tetracthylammonium hydroxide, TEAOH
ACROS, 25%)¢} t]ol€olt(diethyl amine, DEA, Junsei, 99%)<
Z - A(structure directing agents, SDAs)= AFE-313T)

SAPO-34 1= 1.0 ALO; : 1.0 P,Os : 0.3 SiO, : 1.0 TEAOH : 1.0
DEA : 52 H,0 9] & Ao H=% dagich o] S &
9lste] WA AIPP, DEA ¥ S35 Z3atal 2 h < wHlskn PA
fHS Aslsl3ict. FAlol, TEAOHS} colloidal silica & &3la}
o] 2 h 5% AR o] %, 7 &S E35kal 2 h Bt wRlste]
FHE AL At AAQskE S8 HF A £FES Teflon-lined auto-
claveoll €32 200 CellA 72 h 5 =4 FAsSILE =4 349 5,
4l 22 E Fstol @7‘@}9 Wes et ST 9 oeeg

] sto] ofg] W /‘1] $ olsiGith o3k A= 60 T Xy

BollA 12 h xR oM, AX F 50~100 mL - min” 2] F7] £

13 600 COM 6 h &<+ 2/d3le] SAPO-34 FnlE Atk

i)
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2.2. SAPO-34 F0le| AlZt xXz|

SAPO-34 Fujlo] 217+ 25 98] YE Yol (ammonia solution,
NH,OH, Junsei, 28%), <At EF(sodium hydroxide, NaOH, Sam-
chun chemical, 98%)S ¢ZHeg] FMOZ ARM-3IGIL Oj/‘}(hydrochlorlc
acid, HCI, Samchun chemicals, 35%)S A} 490 2 ARE3IIT) =4
e Bsto] AxF SAPO-34 Fv 4 g 37 FukAade] TR
75 mL&} ] HE Al - 35 FAE o] gsto] Sl &AW
AshAA dENE 50 TR 7FEeith o] el w59 58
< A3t Al71A] Gzl AIRE FF wRkekgith dojzl SAPO-34 %
] RS A4 2 o F, SR Oﬂ‘?}%i ofe] W AIH 9 o
Hatodeh o9t @EE AEE 60 T2 My 2Eo)A 12 h xs)
oAtk AzxH AEE 600 Tl 1 h F3F i** st HF A=
oAtk A& thE 2o A Az FE Table 17 2o] Hy3}

1
o mlo
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23. 54 M

AzH o] AL gelsly] 98] X-A 3 B4 (Xray di-
ffraction, XRD, Rigaku smartlab 9 kW)E ©]-835}3/t}. XRD 5742 Cu
Ka HA} olUA|E ARESF] 45 kve} 200 mAS] A9t Bl A/ 24
oA 50 <2 0 < 50°9] Wl FAACE S A7) A} Fefe}
A7+ FAF AAF #r)7(scanning electron microscopy, SEM, Zeiss
Merlin compact) © 2 ¥Hasiglvh T12]a A4 FEE S2AN, ad-

sorption-desorption isotherm, Micrometrics Tristar II)2 ©]-85}o] Zuj
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Table 1. Nomenclature of the Acid and Alkali Treated SAPO-34
Catalysts

Acid and alkali treatment parameters

Nomenclature
Reagent Concentration (M) Treating time (h)
SP-N-0.03 M-3 h NH; 0.03 3
SP-N-0.05 M-3 h NH; 0.05 3
SP-N-0.07 M-3 h NH; 0.07 3
SP-N-0.1 M-3 h NH; 0.1 3
SP-N-0.05 M-1 h NH; 0.05 1
SP-N-0.05 M-5 h NH; 0.05 5
SP-H-0.2 M-3 h HCI 0.2 3
SP-Na-0.05 M-3 h  NaOH 0.05 3

©] Brunauer-Emmett-Teller (BET) H]EHAY} AlF12E RIS
Az Foje] A 542 Ammonia temperature programed desorption
(NH;-TPD)S AH4-310] #4319tk NH;-TPDE ¢l5ko] WA & 0.2
g2 FEHS7)o] XA 30 mL - min' 9] §450% Hed S5
600 CellA] 120 min “&<F A 2|83ie} 0], 100 Tl 60 min &
QFNH:E &850 Sulol FAEHLES siQlth vl &8 F2k4
NH;E A7 918 T4 He 100 CollA] 30 mL - min' 9] #5472
2 FW3] ZEFE tha, 100 CTolA 700 T7H4] 10 C - min 2] $=
2 F2A71Y g8t F3E NH; 9] 2215 X13eginh ofw) FHujjollA
22k NHy & GAEE AE7](thermal conductivity detector, TCD)7}
2E Gas chromatography (GC, Donam, DS-6200)5 ¢85} #2
skt

2.4. DTO H2

SAPO-34 ¢} 217 Ag]d SAPO-34 F1¢] DTO W2 173
2 A9 ¥-27)(0.D. = 11 mm)Z AFE-3te] th7]¢t 8} 400 ColA 5=
Fadek. Full 0.2 g& W7ol TXIE F NoE 400 CollA] 60 min
Bt EEgm AAE S WGty AAY F AghEadr]
(mass flow meter, MFC)Z ©|€3}o] DMES} N, 7}AZ 1 : 39] %4
B2 E3ste] Hkg7]1R2 35513 2w, DMES] WHSV (weight hourly
space velocity)= 3.54 h'2 FX&kch -3 AAEL ko] B4
= AAZS 98to] 4 T2 water trapS B F B4 o] 23 A&
7](flame ionization detector, FID)$} EAM¥ Z#H(capillary column,
HP-plot Q, 30 m x 0.32 mm x 20 ym)°] FZ ¥ On-line GC (gas
chromatography, HP 5890 plus)Z 38t A& 413k
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SAPO-34 Zu)|9} NH, NaOH, HCl §~&9 0 7 217} xg|ato] A%
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1ol YEFSITE. SAPO-34 FHvlli= o] xlell Ry AT-¢} 5Lt 7huat
O|E Fxof gz 3 A AR Al71E HERITH21]. NHs,
NaOH, HCl &40 = 217} A2gt SAPO-34 Zwj¢] 3|4 9]+
SAPO-34 FHujje} & HAolA 34 FFE vERlon, T 34
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Figure 1. XRD patterns of the SAPO-34 and SAPO-34 treated with
NH;, NaOH, HCL: (a) SAPO-34, (b) SP-N-0.05 M-3 h, (c) SP-H-0.2
M-3 h, (d) SP-Na-0.05 M-3 h.

Figure 2. SEM images of the SAPO-34 and SAPO-34 treated with
NH;, NaOH, HCI : (a) SAPO-34, (b) SP-N-0.05 M-3 h, (c) SP-H-0.2
M-3 h, (d) SP-Na-0.05 M-3 h.
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oJughe}31].

Figure 2= SAPO-34 Zvjj¢} Z+7F NH;, NaOH % HCl #8802
Z2]gt SAPO-34 SHlE2] A7 FelE EIsH] A% SEM w4 4
o]t} SAPO-34 ZvlE 1~5 um WY 43 47 2715 Vel
o} w3t gEket g Felel vzt o] IEEGloH, o
o] A AT Arel & RS A oE YERSITH20]. 3, NH; 4
Fao= Ag]¥ SP-N-0.05 M-3 h Full= 2% Fwo] FAEo] AR
®3S YERITE SP-H-0.2 M-3 h 9] e SP-N-0.05 M-3 h &
ol FARSHAl AR FAE A% Fdo] BaEEglon, o] A
T At & AYTH36). o= Fvll TAE T w5 At
b HEE G| g o3 Eagat AqErhs As vlst
U}28,29]. ZZ&]1} SP-Na-0.05 M-3 h Fvlj= d5aA Feje] d%o]
BoE Ao7 Yeldrh o] Qiao Sl 95 F8E AT} ALt
Al 7347e)’d o] NaOH F-g-Ho] 217} 717 of|x] SAPO-34 Fvljo] =
2 AAE sl FEstel dAol e¥E ASRE ALRElTH32].
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Figure 3. DME conversion of the SAPO-34 and treated SAPO-34 in
DTO reaction.

3.1.2. DTO 2+S0iAMQ] =nj &4

A ZF SAPO-34 Zuj|o] F4& 31517] 9]3] DTO WS 43
shlem, 7 AHE Figure 30 YERICE oju] Fulje] 452 DME
AgHEo] 90% o A= o] AlRTeR s3It SAPO-34 =
s Hhe 271 100%2] Ag-ES 1w, vhg AJ7k] 124 min 7
st Al Aol A 90%2] M-S YERITE 1 o]F nEAds) X
e A 9ulskze] 438 deH8-2 143 th SP-N-0.05 M-3
h Evi= 27F Agd S FolA 170 min®] 7 71 E0f) =8-S
Yepick g8, SP-H-0.2 M-3 h E1ll= A2 wA] 9 SAPO-34 =
a9} AL =S BIANE 80% ©]5+e] DME A3kl x] Zujj9
H|E 3t XA G397t BEE QI o= SAPO-34 Hvjjo] XHA F
7kel At A sk A E Bl S v A AdE e Fl s
= AR o] o] AT Aol 2 UAFH36]. 121} SP-Na-0.05
M-3 h Frili= Bkg 2715 28 02493571 dojut vl §- e &
88 YERITE Qiao 5 Fvll =749 Si Fo] NaOH A& Zdl 2
A FEE okl B skAth32]. NH; 212 229 Sule) vlwako],
7 4742l NaOH=Z A2ld Fvlls &4 2 793k Si 94k
Yot AEE Qe Su) S lofnle] M 2 S vEbd A
itk AEA 07 SP-N-0.05 M-3 h Erj:= 71 71 S 5=
R, o] 2H-E AREE & Fofl NH; 8-o] 21st 4]
FES 4 = 7H 8 Al oz sl wabA
2ol A el B3 ATE NH; 5883 Agste] Jsi3ich
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o
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3.2. NH; M2l s=2f AlZi mE A%k

32.1. B0 E4 24

NH; F892] 2] =9} A7k WG= 310 thofsl SAPO-34 =
S A Z35}3IT) Figure 43 SAPO-34 =19}l NH; =8 552 W
T2 3t AxE SAPO-34 Fm¢] XRD #E A& vreRd Flojck
AHelE EE Zulli= SAPO-349) 593t Fhkato| Eo djdsh= 3
935 veRdlon, F714Q1 91371 #EEHA] gshtt ol Fwl9
A% 271 0.07 M o142 7153 NH; A 2T & A5

=< oujsitt

Figure 5 tHFeh 552 NH; 78402 X2|¥ SAPO-34 Zul|
°] SEM ©Ju]|AE YRl Aol NH; 892 A2 w7} S715
of ufg} Fwljo] BrleA HA == Jrrt Tk A o® el e
H, ol Fule @e&stE S5t A7) AFo] & STl wet A

l - A A A\ (e)
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Figure 4. XRD patterns of the SAPO-34 and SAPO-34 treated with
NH;: (a) SAPO-34, (b) SP-N-0.03 M-3 h, (¢) SP-N-0.05 M-3 h, (d)
SP-N-0.07 M-3 h, (e¢) SP-N-0.1 M-3 h.

Intensity (a.u.)

Figure 5. SEM images of the SAPO-34 and SAPO-34 treated with
NH;: (a) SAPO-34, (b) SP-N-0.03 M-3 h, (c) SP-N-0.05 M-3 h, (d)
SP-N-0.07 M-3 h, (e) SP-N-0.1 M-3 h.

A F7HaThs 28 oeldnt 53,0
S AR FAeA & el 84
e Lahet Ael golow A7t
oA WA Azko] APATh= A vl

Zro] Ay 54 Ela] A8l Al wE 2 235 Table 20
gskslo] YeRith NH, A28 9] BET < Ay w2t
7Rt fhaehs 4@ Btk 2efut 9 EAS 8 m’ - g
oflA 55 m’ - g' 2 F7IILE o] NH; 8o 23 SAPO-34 HH
HEHo] o] o) mHHo] Frkek 31 oJu|stH, SEM ©]u]X]
oA BEE A3 Axs}. A, Wz AT FrME BEEQE),
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Table 2. Textural Properties of the SAPO-34 and NH; Treated SAPO-34 Catalysts

Catalyst Sper® (m? - g Smicro” (0 + ) Sext’ (m” - g Vi (m’ © g Vi’ (cm’ * g")  Vineoo (cm’ + g)
SAPO-34 525 517 8 0.303 0.267 0.036
SP-N-0.03 M-3 h 513 495 18 0.301 0.265 0.036
SP-N-0.05 M-3 h 490 444 46 0.282 0.231 0.051
SP-N-0.07 M-3 h 488 433 55 0.276 0.236 0.040
SP-N-0.1 M-3 h 496 468 28 0.275 0.253 0.022
* 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. ¢ Smicro
= SBET - Sexts Vmeso = Viotal = Vimicro-
Table 3. Calculated Acidity of the Prepared SAPO-34 Catalysts
Acidity : NH; desorption amounts (mmol - g")
Catalyst Weak o Strong o Total amount
—_ () (230~234 C) (419~437 C)
5
o SAPO-34 0.899 1.497 2.396
% @ SP-N-0.03 M-3 h 0.768 1.376 2.144
E (c) SP-N-0.05 M-3 h 0.754 1.209 1.963
SP-N-0.07 M-3 h 0.697 1.050 1.747
©) SP-N-0.1 M-3 h 0.688 0.989 1.677
(a)
100 200 300 400 500 600 700 Demetalation
Temperature (C)
Figure 6. NH;-TPD patterns of the SAPO-34 and SAPO-34 treated NH, etchmg ,_ f_‘
with NH;: (a) SAPO-34, (b) SP-N-0.03 M-3 h, (¢) SP-N-0.05 M-3 h, " i
(d) SP-N-0.07 M-3 h, (e) SP-N-0.1 M-3 h. | JI
L
o NH; -§9i0] Zujl 274 278wt ohe} Uy FHolx JFg Sk '\Mp
WA HE AT R A0 Mt T2t 007 M ol i .U TR
= Aele SAPO-34 S0l A%, o1 E A vz ATl 7st | | a |
T AF%E Btk ol F AlFE TSk &40] B vet i | — | :
U= At Abg, ! ' | '
SAPO-34 %19} NH:Z #]2]3F SAPO-34 9] &4 791 4 4 4 1IN _| (- J
£ B4317] 98, NH;-TPDE 433 1 Figure 60l 232 Y hollow

R ZujjolA 2709 NH; B2 93+ #A-2(230~234 C)3 11-2(419
~437 CyollX B== U=, 242 ekt A 7 AE gw|gte) oF
A AS EFul A% mde] EAlsAY Bekdd Ao s &
ARl Ago] op7|¥ Si-OH%} 22 3FO|=FA]7|(hydroxyl group)ell
oJg Zo)a At L vl F7 Si-OH-Al Al 2%k Bl =
2to]Th38].

NH; &3 939 A FEE YRlsta 9a9] A=
2F A71E Gnlsh=t22], olF g #skste] Table 3o UERHTE A2
H Fuje] A A7)k AF A O] FE= SAPO-34 S ek v]aslo] NH;
TN A sETF SIS ashe A BAtE 539, &

‘Eﬁ% Al A o]

Ao s B A7 A7 s Zlo] W E I Zhao &
Aol EAl Fufjol] 2] F&Ae 27 A2sigle ), si vgol

gallEo] =7
of B skIth39]. webA SAPO-34 %UHJ NH;
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Figure 7. The proposed etching path of SAPO-34 catalyst using NH;
aqueous solution.
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