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Prepar ation of gradient-pore mordenite assisted by sodium dodecyl benzene
sulfonate and its catalytic performance for dimethyl ether carbonylation
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Abstract: Mesoporous composite mordenite (MOR) catalysts were prepared by solvent-free method using
tetraethyl ammonium bromide (TEABr), sodium metaaluminate, sodium hydroxide as well as silica sol as
raw materials, and sodium dodecyl benzene sulfonate (SDBS) as soft template agent. The MOR was
characterized by XRD, BET, NH;-TPD and pyridine infrared (Py-IR), and the effect of SDBS additive
amount (based on the mass of SiO, in silica sol, the same below) on the catalytic performance of MOR for
dimethyl ether (DME) carbonylation was analyzed. The results indicated that the addition of SDBS
enhanced the relative crystallinity, specific surface area, mesoporous pore volume, and total pore volume of
the mesoporous composite MOR catalyst. Under the conditions of reaction temperature 200 °C, reaction
pressure 0.5 MPa, gas hourly space velocity (GHSV) 2000 mL/(g-h), and n(DME) : n(CO)=97.5 : 2.5, the
MOR catalyst with a SDBS additive amount of 4% (4%-SDBS) exhibited the best catalytic activity for
DME carbonylation, with the DME conversion rate of 88.9% and the selectivity of the principal product,
methyl acetate (MA), close to 100%. During the MOR preparation process, SDBS induced Al atoms to
preferentially enter the 8-membered ring channel to form strong acid and medium strong acid centers,
thereby increasing the number of active centers for the DME carbonylation reaction.
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Fig. 1 XRD patterns of meso-microporous composite MOR
catalysts
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8%-SDBS ) 147 L i LY 8y T 750 K% o6 - i o 52 L 2
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H4 BUHEIFR , A% SDBS J& s fL5 1A F|
LR R, TR T BB AL A2 Y,

M 2b AT LLE Y, KU SDBS M &
(0%-SDBS ) A FLILAZEFTE 10~50 nm; FHN
SDBS Ji, 1%-SDBS . 2%-SDBS . 4%-SDBS .
8%-SDBS ¥t BFLI%E K 2~10 nm B/ FL, HALE bl
SDBS ¥ £ A 38 A AR S 34 ks 4o
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FLAEIE
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Table 1 Specific surface area and pore volume data of
meso-microporous composite MOR catalysts

PR, SBZET/ VMi§to/ VMesngMacm/ VTo:;al/
(m’/g) (cm”/g) (cm”/g) (cm’/g)

0%-SDBS 492.9 0.185 0.015 0.200
1%-SDBS 507.7 0.188 0.022 0.210
2%-SDBS 485.9 0.181 0.018 0.199
4%-SDBS 512.3 0.190 0.023 0.213
8%-SDBS 518.9 0.187 0.020 0.207

I SBET?‘]H:%%E*H; Picron VMeso+Macro VTmalﬁEUﬂf’w{}L
LA ALFRALALE . B

W& 1 ATLIAE W, FiZ&E SDBS W& (0~8% )
RS, FEMEY LR AL, MALfLE . AfLRRAL
LA LA B AL KRB T = a3 . 2%-SDBS FE 5 1)
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RIFLBRA G, X T bR mA (4859 mYg). 4
LA RALALE (0.018 em’/g) VUM s FLE (0.199
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JE R AT BEJ& SDBS WK, Hlf& ik R K&
B SEITEERREETE 2B MANRA AYS), R
21 MOR #9 b fbid 72 o
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MOR A6 5] 4 HH 53 R 0 RT3 R H 0 () R B #0 A
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T AR K (3.59 ), 4%-SDBS %55 % o 04 T
BURK (3.71); Hk, MEmH.ogEmBERE, M
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Fig. 3 NH;-TPD spectra of meso-microporous composite
MOR catalysts

#2 AL S MOR HEALF Y NH; M B AR 345 R
Table 2 NH; desorption peak area integral results of meso-
microporous composite MOR catalysts

NH; Jfid B 06 i 1
FE 121~320 °C 321~700 °C 50~700 °C
(Chsgmghe ) GRERPG)  CREPL)
0%-SDBS 2.99 2.77 5.76
1%-SDBS 2.82 3.44 6.26
2%-SDBS 3.59 2.75 6.34
4%-SDBS 2.65 3.71 6.36
8%-SDBS 3.09 3.43 6.52
2.1.4 Py-IR

W5z W], 78 DME #3105 i i3 72+ , MOR
i \JCEF (8-MR) | 14$ T3 fii B fR 0 A FkFE{b
TR, T 12-MR H ) B R H 0 T 25 S AR Rl O
R, SHEE S A 12-MR AR O B0 R AT R4 2
Mr b e B2 e W B 38 F R PRI H-MOR (1)
12-MR 3B RN 5 o T IERE o T AT R,
R BErEdEA 12 JCHHP AR 0, ik, Py-IR
FO2E FAENS I IEER 8-MR 2 AR U i 28 AL ML
K 4 AN iALE A MOR LT Py-TR 314, M 4
ATLLAEH, B RRAT L B> IR 1545 F1 1445 em™!
A B IR AL g, 0 T FRURR 4045 SR LR 3.
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Fig. 4 Py-IR spectra of meso-microporous composite MOR
catalyst

3 NIALE A MOR AR i bk 5 B 17 A1

Table 3 Pyridine adsorption area of meso-microporous
composite MOR catalysts

v MbE I WA o 1 R
#un =) 1=} R4 =)
B k& L MR poNvaiiy
0%-SDBS 2.845 0.406 3.521
1%-SDBS 2.532 0.103 2.635
2%-SDBS 2.532 0.224 2.756
4%-SDBS 3.166 0.268 3.434
8%-SDBS 1.256 0.038 1.294

MFE 3 ATLIEH, SDBS WinEX M gfLE &
MOR k58 12-MR H(%) B R . L R L R
HREx i R L A8 A SDBS 253 12-MR R /b .
XS KN, SDBS G55 Al R F1E AL 7 A 8-MR
T B HP ik R RS R HP oty DA T 52 M) R 1 T P O B
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BILA MR S mAE R R B, RIS IS TE B
HFLIB G5 il D SE RO, X E—E
PR LR T MOR EEMM LM, 456
NH;-TPD fil Py-IR 453, SDBS 5 U4 IR
HYAH EAE S B0E £ 8 Al T3EA 8-MR H 158 iR
FirpsRmR A, MMIE R B FRA L Rl .
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L% DME B 54k S 0 75 = W W] 5 45 7%, DME fx 15
AR AR T XK, S SDBS il 45 ) MOR
AT LML 2 (£ 1), smfb 17 AL i
RO, AT RN YRS N Y YT RO AR, I
FHETH MOR 4L A DME $ Ak 2 b i 4 o
1%-SDBS . 2%-SDBS. 4%-SDBS. 8%-SDBS f#1k
) DME ik 51k 2 I Fe K 5% Ak 258 w8 IR 4
4%-SDBS ( 88.9% ) >8%-SDBS ( 84.5% ) >1%-SDBS
(82.7% ) >2%-SDBS ( 77.1% ). iX5 NH;-TPD i
(R 2) It S DA HE P AR N o X2
Jy, EARHE SDBS Wi (1%~8% ) HYH,
1%-SDBS. 2%-SDBS. 4%-SDBS. 8%-SDBS [ i
iR OB B T R (6.26~6.52 ), H2E I AN i .
ShEA Ny W B - B0 BFF A IR £k B Py-TR 4545 3 40 it
4%-SDBS f#{k ) DME #iFEAb 1 DME #%4b % fix
IR, AT e IR R oL Bl LA LR S 4K
HX., — M, 4%-SDBS EHA T KA FLILE
(0.023 cm’/g) FLEFLE (0.213 ecm’/g, £ 1), 1%
TR R s B— T, 4%-SDBS A £ AR R
Huty (3,71, 3R 2), SRR O BRI 3 98 B N P Y
W 2 T 4 B Bk S T P 5 [F3E, 1%-SDBS
L) DME BiIEAL S0 #4635 T 2%-SDBS & K]
9, 1%-SDBS % 2%-SDBS (¥ EfL% (0.210 F
0.199 cm’/g ) WK, HEFAETLZHHBAFLE,
W HAG MR Z R IR oL (3.44 F12.75 ), 45505
B, AL & MOR #EALFIE L DME $ik B4k S )i
) DME bR &%, LA mmb.ofiE . m
JEIL[RAE T 45 2R
ML Sb Hf B ;B B X MA e B84 5% ] DL

H, 7E 5 M iALE S MOR fi#E1k#] (0%-SDBS .
1%-SDBS ., 2%-SDBS. 4%-SDBS. 8%-SDBS ) /3%l
HEAL R DME BrBEAb S i rh Bl S B[] ) SE 4
MA [ B LA S B S T i i W SR AR i £ < U™
A3, MA S E>99%, Ll 1%-SDBS i
BRI, MA MEEETER K, 4 99.8%. XZEH A,
MOR J 5 FLZ5 F9 % DME i L4k 52 107 3 #2114 Hh 7]
P EA RAFR R AR AR o RS S s [ f SE
K, MA ST, X2EN, RNEY
TEALIEY B fir, EmRth.O BB T 3o fa ok
DURBRY B SEFLIE W T MA 1k #EME 24 SDBS
WISl 4%, 4%-SDBS fi bt DME Jih:
oS T PR Feff:, DME Ak sl 88.9%, F7~
Y MA BYIEFEESRIT 100%.
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Fig. 5 Evaluation results of DME carbonylation catalyzed

by meso-microporous composite MOR catalysts
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B, DRI as HCs OB A AR

3 #it

KT R A Lk, L J57% SDBS M,
il T 2RI IALE S MOR HEALF] . 454 XRD,
BET. NH3-TPD., Py-IR %XF k¢ S EATRAF, I i
DME ¥k 54k 5 iy % 4 4k 770 6 47 PERE PR AN, W 2
SDBS MR AETR N

(1) SDBS WA 4w T ifLE A MOR
WAL A XS 25 fh R . R A A FLALA AL
25, g TR RO B ECE R A A, AR T Bk
AR

(2) SDBS &l J¥ sty i fL fr O 8300, 5150
FEREVR Hh [RIARE S 67 L A 1) DU F2 5 AR TR AR E A5 4%
WA —EE BN RS wh S5 R e, Mg
Hom bS5 A AR P R PO B, SO TR
B ATAE

(3) TE R e 2515 T DU FR I 5 AR R AR A1 Je
ANTEIAFLIBE Y T3 47, TR H 5 R B R R H 0 o
NG DR R 2, HEER R TR R I L
PR 5[] B 3 e B Je TR i A LA R FLFLIE R
f5> DME 1 MA =Y P (L i fhimiE, &
TP R AL SO R TRROR o

(4 ) DME #3400 3R 52 MOR Ak 551 B i
L A AT RIS TR A LT 520 . 4%-SDBS HAT 5
KAYEFLEZE (0.213 em’/g ) I ZAY5RAR .0 (3.71),
H: DME #1b% (88.9% ) H i, MA ML
100%, HA ffEM ML DME BIEibig M.
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