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Regulation of HMOR properties and its effect on DME carbonylation by post-
treatment
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(*Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, Liaoning, China; 2University of Chinese Academy of Sciences,
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Abstract The acidity of mordenite (MOR) shows a decisive effect on the carbonylation of dimethyl ether (DME), and the
precise regulation of acid properties is the key and difficult point to change their carbonylation properties. In this paper, the
effects of the concentration of tetraethylammonium hydroxide (TEAOH) solution and temperature on the physicochemical
properties and DME carbonylation performance of MOR were investigated. The results show that the acid site distribution of
MOR can be regulated selectively by changing the treatment conditions, and enhanced performance of DME carbonylation
can be obtained consequently. Beyond 98% DME conversion can be obtained for the HMOR zeolite prepared using the
optimal modification conditions whereas that of the original zeolite is only 22% under the same reaction conditions. This work
provides an effective strategy for the design and preparation of a high-performance DME carbonylation catalyst.
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Na-MOR (Si/Al = 10.6, ML) ;5 NHaNOs (s #ral) ; DY ZFEA A KIEW (25
wt%) o

PANalytical X’ Pert PRO #! X-BFZRATHL; Magix X RI98E 01 ; ASAP-2020 7Y 475 I
1%; Autochem 2920 ZU{k 2R 4% ; Hitachi SU8020 %Y &y #id7 & it 4l 4%, TENSOR27 BIZ14M
A%, Agilent 7890A S AR REAY, & .
1.2 fELFIHE

NH4-MOR K & B 28 e 75 v 045 o 5 A3 25 K A DU & R A A oK FA b 88, i Y S A2
T: 59 NHs-MOR 4> 7 i 2] 50 mL % &y 0.5 mol/L MY 2 E: A Ay, #2533y 500 r/min
THEHE 5 min, WA, REBYEERS 150 mL 1 EARBWURLEN RS ES T, 1E 180 °C%
PER AR 48 h; I UEVRIR IR EARES, 76 110 °CHLAE T T ; FELE 550 °Ciizh A b ike 4
h, M HIS SR 26 A 0 F i fh . A SCE S A 1 VU £ 3 SR B TR R 0 kb B3 B X6t 43 1 0
JoR R ER B AL BB 1 52
1.3 EAFEETEN

AT 250 7 1o T 3 482 [ o A S N 2 . b R AT I MRV . B 0.5 g fiEALF) (20-40 HD BANEN S8
mm FIRFEN S N E T, RN RTSEE N2 A F (30 mi/min) T, 400 °CTiALFE 2 h. Z JEiRERKE
200 °C, HANMMNIBES(DME: CO: Hy = 5: 35: 60), MMN/E /N 2.0 MPa, A 1800 ml/gea/h
5% 3600 ml/gea/h. S5 FISAMAGE I NIV 2L S N Agilent 7890A iU HHATE LR 0 HT, %A &%
PLOT Q B4+ M TDX-1 HH7sHE, HH437I#: FID 1 TCD Kl 5

2 EWHER5ITIE

21 MZESE#® (TEAOH ) iREHEME

FEIRE 180°C, W 4515 0.1 mol/L. 0.3 mol/L. 0.5 mol/L. 0.7 mol/L #1 1.0 mol/L %k F % %<
TV 2 E A R BE X 2256 A 4> T I0A . ARSI LGS S B R sem . B 1 4,
TAFIDY 2 RS B R B 4 R AL AL S XRD B3t . RIS, BT FE I SR8 MOR A
AT 9 S HLATS 58 LA R, BEEH DY & 2 S A R B2 AR A IR A 2 B B 2 e 22 6 0 I i 2R e e . R
B OOHIKEWM IS SECERIR T ERESIRH, Wt 7 a2 WA 2, H TEATAZETE
DLE SRS 2R PR &, EHEASTIE AL, o7 4 2 Ay 0o 1, MRS, B ar L
E i, B 23 S A A B IR B ek 1.0 mol/L, 8 2R 6k 22 Y63k A 401 07 14 B 2R 77 AR A B B IO B AR

K1 ARG 2 A AR BE AR R B XRD 3%
Fig. 1 The XRD patterns of HMOR samples treated with different TEAOH concentrations.
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Table 1 The Physicochemical properties of HMOR zeolites treated with different TEOH concentrations.

P SUAl B Rz /mmolgt BET #Mif/m2g MALE T A m2gL B /Mgt LR m3g L
HM1-TEA-1 102 0.74 451 411 0.23 0.19
HM1-TEA-3 9.3 0.80 450 414 0.23 0.19
HM1-TEA-5 9.2 0.79 429 387 0.23 0.19
HM1-TEA-7 9.2 0.77 466 421 0.25 0.21
HM1-TEA-10 93 0.76 460 416 0.24 0.19

Bl 2 4ot TRES AR BB o ASIR] DY £ S AR A e TR P A B o 38 D A K HOIR AR e S S5 A
TSR RSP A e A AR R, Xt R 78 TEATST B REHMMGEY R, SEKE OH WAL
T 1 A S R P AR R R

22 63 A T T S L A F R A S e 7 120, ] 3 4 T N DY LR A R AR
AbFRAE 5L ) NHs-TPD RAFEZE R . B A A Sl 38 B W A B0 P 0, b oy R B8 B 08 3 i T 5 S R A6 m
(Rl B BRALA) MHEAEFHE NHs, TRIERIE RIS T 99RA0 5 B NHs, FEZZ Lewis FRA7 sil3
W, B DY O EE A AR BN, sl I PR VA S SR R AR AR A, SR N B, 0 B IR AR A )
A RIRIR A W, Hd HM-TEA-3 FF 5 iR P55 R B i, € & EA2EIH B B
RN 0.80 mmol/g. BEFE VY S A AEREZ M 0.1 mol/L #4/m% 0.3 mol/L, TEA*AI OH B [
B30, (B BE B IR B S N BT SR 5 B A R Re D R, T T R R R R . (H
B VR P — 2D N, OH-X 28 5 - [ Vs Al 36 i, A L 1 1 251 52 I 5 AR 386 o vy 204 R 1% AL 4
B, BMEPY R A A BB N, S s R L B W 0 A B AR, Ul B AR BRI B (3G AN R e B
FRORE . MIEREE RS FokE, 0.3 mol/L AL & 3 A S A sk

K 2 AEDY 20 A A AR AL PR ) SEM ER
Fig. 2 The SEM images of HMOR samples treated with different concentrations of TEAOH.
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Fig. 3 The NH;-TPD profiles of the HMOR samples.

TEL2 P A 57 T IR LA ETE I SCEk A, AT A 3608 cm b IAX MG 5 £ HIHET 12 7t
LB WIS 4S5 (3610 cm™) AIHJET 8 JuIAfLIEW Brensted BRA7 A MIKMIE S (3590
cmD) EATMAISL, Rk, ALK RS EXT 3608 cmt 4SS HEAT 40 M SR BN R TR0 FE 4 T
AN AELM BRI A . K 4 4 d TARFEFE S OH HRah X 20 4h itk B DL K LB REE . T ZRE AN
B4y iv 0.1, 0.3, 0.5, 1 0.7 mol/L B, J\Ju¥ B B& /& Lbsrslh 39.8%. 44.4%. 43.1%.
40.0%, B TEAOH ¥REE SN Je 3 s K, 43REN 0.3 mol/L K& s, XA NHs-TPD RAEL
RIHA 5,

K 4 R[R IO 23 S A A R A FRE i 7E OH X I 41 40 e il B 2 3608 em 4045 5 (1 B R4 B (A0 3610 em ™ RIMIR ST 3590 cm {5 5 4
AixtF 12 JEIFLIER 8 S FLIE AR R .
Fig. 4 The v(OH) vibration region of the FTIR spectrum of H-MOR samples treated with different concentrations of TEAOH and the deconvoluted
result of signal at 3608 cm-! of different HMOR samples. The HF and LF signal correspond to the acid hydroxyls in the 12-MR channels (HF) and 8-
MR pockets (LF) of H-MOR zeolite.
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LB T, R, AR T AN D 2SR E AR B R AL B % E O R R R A s B R . P
5 Z5H1 T 4E 200 °C. 2.0 MPa £/ %2535y 1800 ml/(g h) &1 A FIRE G b = FF Ik % Ak R I g S 1) 1)
WK FR. ATLUEH, Bl SN R 2K — kR ARG AN R T a3 Bl DU 2 38 A S B I P 3
i, ZHEBEEAGRR O TR W RE R 2 R 2L ARG . MR T, HML-TEA-3 Ff & — HERFE (LR
(56.9%) , XA HM1-TEA-3 il 8 JLH R H O S LLERT AR P R M T EY A .

5 ANIF] DY 2 F= S P B AR PR A SR o5 TR TR B R R IR AL SR BN () AR A R R . [RBLZ A 200 °C. 2.0 MPa. GHSV=1800
mig—hl,
Fig.5 DME conversion over HMOR sample treated with different concentrations of TEAOH after pyridine adsorption. Reaction conditions: 200 °C,
2.0 MPa, DME/CO/H, = 5/35/60, GHSV = 1800 mL/ (g+) .

2.2 IFAEEEREN

R EAAIARN — AN EERY. SE—PER T RANGEAA L E LR (0.2
mol/L) , W45 HIN 150 °C. 160 °C. 170 °CHI XHEALTFIMEREFISZm, FE4 2 MR~ N HM-TEA-
150C. HM-TEA-160C. HM-TEA-170C.

Bl 6 AN[F G A BEIR R R RE SR XRD fi7 45 B %
Fig. 6 The XRD patterns of HMOR zeolites at different post-treatment temperatures.
2 A7) J5 A B RE TR o (R AL A A
Table 2 The Physicochemical properties of HMOR zeolites treated with different temperature.

B Si/Al B BgiE/mmolg! BET #&fif/mg AL B T R /m2grt B Mg AL R m3g L
HM1-TEA-150C 9.2 0.80 470 428 0.24 0.20
HM1-TEA-160C 9.3 0.88 465 425 0.24 0.20
HM1-TEA-170C 93 0.87 455 419 0.24 0.20

AR BE R AL BR A 2200 Wk A BE L ) XRD BEIEANIE 6 B, AT LAFE Y = MioRe i 25 D 45 R 22
Jeb TR, RUIEEE A BRI R, 20tk 1 E 2 e B RS BIR AP O 4R . — ORI,
WE &R I N, OH-XT 70 1 i i ZR IV BORE ] 2 180 i, (2 TEA'HR T “UGRAL I RE T B2 0o .
PRIk, R FE ik 170 °C A 206 22 30k A 73 i B0 B R b A 7 26 B2 IO

R 2 g TORFIRE S D ER AL AV o AN RV B AR A it LU R TR AR DL R SLAR A — 2, BUAE S
S IEVEE N, DY O R AR 5 A BB W B AR e o TR AL BT . e AR IE R AR AL
I, P AS 2URIRE S 2 N GUOK PR AR U HE S S50, B A RS A, XIESE VS REH N, ait
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Fig. 7 The NH3-TPD profile of HMOR zeolites with different treatment temperatures.

ZFPFESL ) NHs-TPD 2Rl 7 Fiom. S TF e i, o e Aot B e oo 58 o S 2 w3, i W /5 b 2
AR 22 e i A B A B R . DU SR AR B K I G AR B, VAR RN T A R RIS R A, T
PR AR AL E AR 5 3 ARG 3R . 4R 150 °CTHR & 160 °CHY, 5:ERMEZ &/ 0.80 mmol/g & 2 1Y
i 0.88 mmollg, UiHAEZIEELE N, BEASEANTHELEIT. HIEEH 160 °CA 2|
170 °CHf, BREMF TR, (HARMAIE, FRUIFE %R P AR A0 B 45 & R 9 8 2 T TR A X
Wi 5 52 AN K o e il e B U () A BAR R B BR AT 5 E, W LUK BB 4 Jo A BRIE BE AR AL, v iR 0 B 0 R
FESEAKE R, 6 AH B 9 A 2 52

FEAS AR B Jim A FE A O 34T — IR B Ak S I I FR Ik A Ak SR BE I 1R AR Ak an P 8 Fras . HMIL-
TEA-150C £/t %y 86%, HM1-TEA-160C Al HM1-TEA-170C KR =T 98%, & & T
AbFRIEE A 180 °CHYH) — H k5L R (53%) , X i3 BH J5 AbHIR B A7) 1) — ke S A v e B
WEMER . fEE A 1800 mi/(g h)iF, LAk 2% T AL EEAS R AL HM1-TEA-160C 7£ — H ik Fk
FAb b 2R W R 25 77 A 3] 3.8 mmol/(g h), & E K410 HM1 [3iL 5 £%(0.8 mmol/(g h)).

8 ANIF]JE AL B IR FE IR i B R I R A B A 3 (L) AR AL S5 TR AR BERE s 5 BEAR 43 TR TE B B S I L TR BRI B R R L . B
f£: 200°C. 2.0 MPa. GHSV=1800 migh-.
Fig. 8 DME conversion over HMOR sample treated with different temperature after pyridine adsorption (up) and MA space-time yield on HM1 or
HM1-TEA-160C sample (bottom). Reaction conditions: 200 °C, 2.0 MPa, DME/CO/H, = 5/35/60, GHSV = 1800 mL/g/h.
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