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FEE . R ERXT & A ik A5 09 {6 5k 47 LU ZSM-5 940K & AR IR A7 el E Ab B0, I8 L% T 0 P 4 1
(DMM) S AR AL & B A FE R H B (MM Ac) OB 45 SR 3801, i ad PR P b Wi A B A 1R W LA 5% itk T o]
# ZSM-5 A3 T B pE b B AL PR o, (1 0.2 mol/L P4 RRTE 80 °C T AL 12 h J5 Y ZSM-5 4319 i) 345
59.5%DMM H AR 59.3% ) MMAc £, MMAc YR M 16.9% 428 =5 35.3%. it SEM, TEM, ICP | N,-BET,
Py-FTIR . NH,-TPD FFRAETF- B AT AT AN RAE 0T, A0TSR A IR AL BRE ], AT A5 90K SR 4R
& ZSM-5 73 TR B RRAR, JF2 8 h T 2 iR B B 08, [RIRF 34 K470 b R AR R ALIE AR, BRMEALA M)
B AR DMM Fe b3, IR R AG  tege AR R FLIE AR A 38, 78 Bl 984 v (8] 9 1) B2 7 B 72 I
PHcREE, S HER RN, R BARSE Y MMAce R BERRE.
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FESES: 0643.32 MHERFRERL: A
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MMAc) J& 52 f 4 T A, AR]85
JHe | 4ErE 3R B6 S5 G R, (R A] A Sy BE A D
BN AL = A B R e 2
SR, YRR 323 MMAc $94H T 25 2k 758
S | IR, MRESEAEALT], FATERA T, A
JE k| 7 A B AR R AN R, R
R EHT L = AL G o i 2k
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— KR FATHE R AR LI S AR, kiR
GUIA T LM TEGE. BT 5 X — g4k, iFoE AR
TFRET — RV SE. Celik % 1 5 % Bl H-FAU
3G R AL 4 SR B AL, 7E 100 °C,
0.3 MPa %4 F, 3K T 79% ) MMAc & £ 5
20% W, H DMM B b ME— B B R 3k,
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BHNFE 90 C, 5 MPa &1 F 313 T 99.96% I
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AT THWRAIRIT, N NBRBRYERF RS, 2010 T
B ALIEZS i 1 R /N 45 52 ) 25 v ) 7 ) 1Y) P Ak %
&, SR B AR B s Badmaey 551 4l
P Z A EARRR MO AR T DMM SR B L A
5T, NN Brgnsted B2 3 & 5 ML TERE X R & V). 18
FATH R TR, AT %5 T ZSM-5 43 1 i i fk
DMM JEAL R PERE , K& 2 ZSM-5 TEA
FESR L DA S OB 1A 2 rh S AR A = 24 ] 5
M ERE P T ZSM-5 B [ USY T Y R
5 B N Ty PR R R PR ARRAE , T 45 5 16 2 Koch HLIH,
R AN 23 () T RE R M 7= ) MMAc Ry pE
PRIt GngeR FHIE itk — 20 45 ZSM-5 iy fLiE
ZURPEBTRIRPERFE , KA B T 50 70 42 T+ L 4
BIAEAL SOV PR RE.

it R MRV OG- U 43— 2R A 7 20 ol 5 Ak
PRIE PR 531 Ui SV M BT S PR VR R AR Y 7 1 22—
Shao %I FHAN AR . £RAR . WER . S-BE 3L KAGIR
FPR A A R 55 22 A R MR 1 6 ZSM-5 43 F i i
TTJa b, e BRAL PR 1) 435 0 vl S i1 758 o3 FE I
J, v A ) B AT A R A A R D R 7 R
Wang 25" iR AN B (9 ZSM-5 T H-im 5 1L il
2R (GTA) , K IUIRFNGS IR AL AT LA SE 22 B4
B R ARERRERR AL, IR G R Ly
SEUTURE IR R XS ZSM-5 HEAT IR AL EE, B
g5tk ZSM-5 73 i SR, IR HAEAR — R
(0-X) SR S H 3% 1 5 Tian 250 W98 & LA
FHIE e BEAT B R AP AL BE TR T HB 41 I iR
LR IE , SR T HAE A 5 N b B4k SO
H S M, T RE K S 1 0 A . X LB SRR A 45 TR
AL T FE4r 0 JE R, X ZSM-5 JEFT IR AL B AT L) ik
A HARATERE.

FPEIR ( Citric acid, CA) &2 —FERAHLIR, A
HEAIER, RER &K= 0, #Em5 01
TR AR s AL R AR E R A, R
FARFRERR MM ZSM-5 430 A B X 43T ik 5 L %
ZUPERTH TR, SR S AR YRR k. %
Tt 8 FAR R B A7 A6 B X 4 K i SR AR A& ZSM-5 43
T T IR AL, PR TRAE REOE ik DMM
JEURE, RN AT AR IR i PRI IS 43 O o B A g
f2E5%, HFH XRD, SEM, TEM, ICP, NH,-TPD
Py-FTIR | N,-BET % ZF RAET- B, /MR xf
ZSM-5 SUGPE it S BRVEFFAE (52 ), PR 5% 38 15+
i SO BT J A A 1 2 S ) i A

1 SEIGER S

1.1 BFE &

TER R B P AR A 31.49 ¢ 281K,
73.21 gPUPNHE A B LA (TPAOH, 40.6%) , 7T
A3 PEE 20 min, AN 52.08 g IERERR Z g (TEOS) ,
iR TR 24 h, FRETR 60 °C, #E 14 d 15
F| ZSM-5 FhFp.

1.2 ZSM-5 5 F i fl &

A3 0.62 ¢ IRARTREN, 0.11 ¢ A fL4,
7.01 g PUPNEE A AL B AR IR 58 5315 il T 48.57
g BEFK, IRIFRIZINEEE, BIA 17.01 g i
I (40% (RS 80) Si0,) J& , FEIIA 0.29 g ZSM-
5, RSBt 2 h, ¥ BRI AW E 100 mL
R UGS AR N 28 1, SR I YA
NigRr, 170 C R Ak 40 h. i e ilE , Pk
RN R E R, B, B0k PER pH H
o, 110 °C FF4E 12 h, 550 °C FR558 6 h 153
Na-ZSM-5. RG] 1 mol - L™ 48 Ak Sk K v v % 4
#1 Na-ZSM-5 7 Fifi A7 3846, BRIk 4 h, 846 2
K, 153 NH,-ZSM-5, B fE2 AT, 550 C
8RS 6 h 15 H-ZSM-5.

1.3 ZSM-5 B 4bIE

B3 g Hil45 1Y ZSM-5 2 T CE F 250 mL
ek, BEJS A 0.2 mol/L HYAT A R %5 i 90
mL, 80 °CF 3+ X h, BL.0/K¥EZ pH Ak,
110 CF T4 12 h, FEM a4 HZ-CA-X (X =
0.4.12,24).

1.4 U FIRIRA

G2 ue [l 2 NS I R S S T /AN
D2PHASER #! X M R AT S (XRD) 5 43
T I8 Sl 1 B A8 fL 7 R 20 & 4k 1 JSM-7001F
P37 % A L BS (SEM) 1 JEM-2100F 3% % 51 i3
I LT AR (TEM) HEF T USR5 3 4 T 1Y) b 3%
TR FLAARFHGH 5 78 S5 8 27 5028 B Tristar 11 3020 H
SR A L AT R R N A BT 8R4 TRk
PE43 M BET & t-plot 733150 R AT 4H
R 26 [ 2% 2R R BB A BR A F] Thermo
iCAP6300 HLEHE 5 55 B & OGS (1CP) Tl &
Sy BT; A F R I R AR SR &R T T I R
(NH,-TPD) Stk 21 A B 638% ( Py-FTIR) 4347,
A3 5€ [ 22 78 /8 ] Auto Chem 2920 £k 274 W%
AR 6 EI BN R /R BB A BN F] 1850 {8 HL i
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AR LTS GRE .
1.5 LR

UM DMM B 2 A B I 75 [ PR b BEAT . BURE
£ 0.450~0.280 mm AHELLT 1 g 5 SFRBUR £1 9
PRSI RA NN 6 mm ARG, ik
FIRJZ BT W 703 & Semb, 2 S5EZ A
YERRRRIT 5 A CO RMRYERE S v s J1 R e 7E 1.2
MPa, #4# CO ¥ii#E i 100 mL/min; FTHFEHRE,
44 DMM HERLHE %N 0.1 mL/min, KFR 25 3 K
4200 h™', JHETILHE 2 200 °C, #ifk DMM 557
S, TR IPEALRIRZE 2 130 C, PG
WHIKBEEGIEE. V4 h 5, YR &, INAN
Y — & — 1 — W Bt ( Diethyleneglycoldimethyl
ether) , SRHZHEM 78908 “AH 0354 43 #7447
Y, I EREE S e TSN P I B AL 8 X, R
B R A

Xpww (%) = (nyyue + 2730y + 1/3ny,04 + 2/

30y )/ ( Npyy FNyae +27/30y + 1/3nMe0H+2/3nD\1E) X

100% (1)
Swmac (%) = 3nMM,\c/< 3nyyac + 20y + Nyon +
20 ) X100% (2)

A, X (%) F S yyae( %) 53 W75 DMM 154k
FH MMAC BYEFEME ;) nyy 7580 E9 DMM FE R
T3 Nyyae s Dyp s Dygeort « My 7300 0 772 008 107 490 J5 1Y)
F%;J_\'i, SMF N SMeOH N SDME%%E SMMAC%,&C{[J'

2 BRIt

2.1 FriEER Ab B X3 46 AL I Y R A M R A &2 M

K1 AP RR B BT S ZSM-5 431 Y XRD
K, Frf ZSM-5 5rFififE 7.8°, 8.8°, 23.2°, 23.9°
F124.5°40 ¥ HHBE ZSM-5 43F- i ) SL AL ARk 0, HL
TS e B VIR TC I B 25 5, RIIFT IR AL LS (1)
ZSM-5 5y T a5k 31 A A= A i A8k, Ud B ARGV
JEFFIGE IR AL BRI (B 7E 24 h X ZSM-5 431 45
JEETC B 2 52 e, RO 2 3 A7 S 0 R A 7. 80,
8.8° B 75 b ST B) A2 < W AT B, X TT RE U AT
T R A B AR B BRI R AR A

K 2 45 T AP IR AL PR S ZSM-5 43 F i )
SEM &} TEM [&l. Hy SEM KA LIFE i, ZSM-5 43
T I R4S RS AT 300~ 500 nm 442K 4y
REWIEH (HZ-CA-0) . JE—LMEE TEM &, 7 LU
BRI TF0 E B 50 nm A2 47 B ZSM-5 44K Gk
ISR A I . W) AT 16 R AL BT IS 43 ¥ 0 T2 36

%535 %
M Jhl HZ-CA-24
3
3
& HZ-CA-12
Z -
=
=
=
HZ-CA-4
HZ-CA-0
M,
1 | 1 | |
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P 1 R AL BT ZSM-5 43 F- 0 9 XRD %41
Fig.1 XRD patterns of the ZSM-5 zeolites before and

after citric acid modification

FRAE, TR S JCI 0 25 5, Uh B e (IR B A7 15 1R
80 C&MF FALEE 24 h pyad R, 43 F 0 o] LIARARR
LBt SNELRNTE 5 LNy (I W SR g s Rt DA Y
TEPE.

Bl 3 25 T Frig i ad BT 5 20 0 0 0
BAEIRER. ol LB AR, il Tty 2
PR T RIAETRLR ) T MR ) B L R B R R0
REFFERRAL L) 57 F 0, 76 p/pH KT 0.4 )5,
T 1 5 2, U B i) 8 o0 0t A B B E8 o A fL
FRIE; SRR EM RS , iR E L LA
Ak, Bl AL B E) Y 3, WIS B S B RS I
/N, HZ-CA-12 230 e R A IR 2R, 10 BH 3 2o el AR
PR A B RS (1] ] DLy BT ] 8 4R OK SR S AR 43
T FLIAZS FRAAE. 5340, SOCHERT S /Y 53T 0 i e
I R W S AR R BB, D6 -
DI LB 2540 T, HALIE EZRG0K MR
IE R HERRAL.

G T ERUYERT S ZSM-5 4> T
T ZE R AR fb. AT LA, Bl A A i Ak 3L
[P ARk B L 22 18 3G O, 1 I feff P A7 A
iR J A BR AT LT FIF ) 4% ZSM-5 431 0 47 38 43
B, SocmkRaiE—2Y . R, AR TR,
Sy L2 ARSI S 9/, o HZ-CA-12 1
bR AGAS] 436 m® - o' FE— M &L, FERS
BERRAL S A AL N R S, , AN
TS, 2% Ak T B2 B8 ) 20, 2 52 e 43 0 bb 3% T
AL I B R XV, 5 Vs ST FLIEF



4514 N2 AP RRALFEAS ZSM-5 73 F A8 T SRR AL PR RE A 52 IR 25

500 nm
—

HZ-CA-24

500 nm

HZ-CA-0

50 nm

HZ-CA-12

G T P —

Pl 2 FPise R AL BTG ZSM-5 43F-fi ) SEM K TEM [ f
Fig.2 SEM and TEM images of the ZSM-5 zeolites before and after citric acid modification
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Fig.3 Nitrogen sorption isotherms of ZSM-5 zeolites

before and after citric acid modification

V. 026 HEIZE 0.42 cm® - ¢!, BEIE AR
A, AR LA d, Wk A B A AR A, T
IR AT REANS . TR )T ZSM-5 43
T (%) J A BRAE FIOL A & A T o I A0 3R T B4 K
SRR ) FIRIAL , Bl G R Ak BT (1) 1) S
K, TR AR 40 A AR B 2R BR By TRl I, T R
15 )54 9K R RTE S HERRA LY Rl
TYUK R F AT OB A fL, 30T
HZ-CA-12 430 e K0 Le R T AR ST 4 fL AR 4R
1T, RPZe3hnm Ab T ], A 250 A I i ek B 42
B ik — B 2 | 0K G R IR B IR ALTE B
(A FLEE K6 TT R AR B8 3 58 8 1 0 100 34 i
By, X RMHEASHE 9K Sk ] 1 45 G R R i — 20
hag, HERREE N R, 13 HZ-CA-24 43 F Ui Lb %
TR R, A LA
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F 1 IERBLERTE ZSM-5 5 FiFR AN K &R
Table 1 Pore structure properties of ZSM-5 zeolites before and after citric acid modification
Sper” Seu” Sicro Viiero” Vo Der
Sample Si/Al* ZBET B ;X » P 3, - 3, -
/(m* gy /(m gy /(mteg) /(em’ -g)  /(em’-g) /nm
HZ-CA-0 17.6 357 110 247 0.11 0.26 2.91
HZ-CA-4 18.0 371 127 244 0.10 0.29 3.16
HZ-CA-12 18.6 436 175 261 0.11 0.42 3.90
HZ-CA-24 20.0 349 99 250 0.11 0.33 3.76
Note: a: determined by ICP; b: determined by the BET method; c: determined by the t-plot method
K 4 25 kMRS ZSM-5 43 F i i NH,-TPD
£, b SO BRI O iR B2 4 R A0 5 0 7 ) B acid . acid
weak acid :
: HZ-CA-24
|
[}
|

Intensity/(a.u.)

100 200 300 400 500 600
Temperature/°C

(5] 4 FriE MR Ak BRET S ZSM-5 23T i NH,-TPD i<k
Fig.4 NH;-TPD profiles of the ZSM-5 zeolites before

and after citric acid modification

FRPEE BE B4R C. M NH,-TPD & Al LA, &
FA WA SR B, — B 120~250 °C
Z0E), FH—AHELE 300~600 °C 2], 2% R 4
-5 B 55 R 57 o, R R 67 5. 1T AR, BlE A7
PR AL RN R A ZE K, REER LL RS2 123, 55 1R 5 5k
T P 38 B i [ EIR T A% 20, 100 B 4 7 i i
JEGNIRES , SRERA D, ThaRERA S Z. K5
i — D25 Y T ZSM-5 430 W B L BE 5 79 21 40
K, A T 1400 ~ 1580 em™ ZJa]. i T 1450 5
1540 cm™" YL E IR BFEAV 15 53 B4R R Lewis R (L
i) 5 Bronsted B2 (B fR) 7). MMLBE LT A &
ATLUERBE, FrA B oo, B R AT B KT
L PR UG TR AR, 150 W A2 I Ak B4 i 5 40 07+ B v 7
LI BB N, IR AH L HZ-CA-0, HZ-CA-4 . HZ-
CA-12, HZ-CA-24 RILHTEE M B RS L g, Ui
WP IETRAL B S AR SRR B HH £ 1 B

Intensity/(a.u.)

)
i HZ-CA-12
|
!
| HZ-CA-4
i
; HZ-CA-0
)

I 1 I 1 1 | 1 I
1580 1560 1540 1520 1500 1480 1460 1440 1420 1400

Wavenumber/cm™
& 5 ¥R AL FRET S ZSM-5 43 04 Py-FTIR i%&
Fig.5 Py-FTIR patterns of the ZSM-5 zeolites before

and after citric acid modification

PR L R A0 25

32 25X ZSM-5 4y Tt (R ER A A . 55 TR
fimi ., B RIS K L R o s b AT 8 i o b, AT LR
AT IR AL BRI K SR AR S 10, o5
gt & B 8 L iRt ¥ kA T W A8 fk. 43+ Tii iy
Rk F RT3 1O v AR B 2R R U, S
AP RR A PR S, RERR S 3m, o482
I, iR R AL, HELAIE 12 0, T
i SR A H 1.30 BME] 1.53 mmol - g7', ERHER
1 0.48 BN % 0.63 mmol - g™, B R 1 30.77 14
JNZ 92.55 pmol « ¢, LR 7.72 ¥4 % 38.31
pmol - gfl. E S AP TR AL B R 5 A0 Eb 26 1 AR
AAFUARFRI AR AR O, HE0 T T & 1 23— 07 D kA ek
SRNESES R NV 7 N IR i OF: AT = 3 SO = =4 (L 3 O s
T P R A 25 LA S 7 FL 1 B P28 45 T
SEEIE R IILRE RGeS 70 5 ZAE M, DABUE M
B EERRE K& B B2, L BRI K. A S Ak
BRI, DA RS R T | 9K A SR AR AL Ak LA
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Table 2 Acidic properties of ZSM-5 zeolites before and after citric acid modification

Acidity by strength’/(mmol - g™")

Acidity by type®/(umol + g™")

Sample Weak Medium-strong Total Brgnsted Lewis
HZ-CA-0 0.82 0.48 1.30 30.77 7.72
HZ-CA-4 0.79 0.62 1.41 58.62 21.72
HZ-CA-12 0.90 0.63 1.53 92.55 38.31
HZ-CA-24 0.75 0.58 1.33 65.80 25.55

Note: d: determined by NH,-TPD; e: determined by Py-IR

BedE BE A FImAL VAR e A T B4R, i3 b , [ o cons

T AL R, B ER T 2 MRS, R HZ- To M

CA-12 RIHRZM B IR L R L SR i, (HARLL3E wl

KALFPASIEI S 24 b, RICIE MRS B Y §

FFRAIE D, BT BE 54T o 22 10 U A LA RS isw

PRI TR PR 5, BV S 5 Ak B () R | i — 2 3

T T SRR BB R A AR B R S 220 n .

Sk RS A R AT A LA g, &

YK 7 B S A LR S 5, SRR L AR T

B b 2T LL AR, AR 0.2 mol/L o Lo , l ,
P EERR b B 4 O K 5 B ZSM-5 B, 12 h 7] 0.4 N o 1.6

AEJE FL A A1 oAb B[],
2.2 DMM #$EL ELIEN

K683l % 58 T #E AL HZ-CA-04) T i 7E A
[ S W EE | CO Ty, MRS i (GHSVY) %45 T
R R i BE SR SR SR AL PR RE. NI 6 RTLLE Y, Bl
ST i FE M 90 14 2= 150 °C, DMM %% 4k % % i 7
1= . MMAcE £ 2 i T B, Hob 130 C B R B

100

—HE—DMM Conv.
—@— MMAc Sel.
—A—MMAc Yield

Conv.& Sel. & Yield/ %

0 | | I
90 110 130 150

Temperature/°C

&L 6 L BE R SRR B AL SN (19 5 MR
(GHSV=4200 h™' |, P,,=1.2 MPa)

Fig.6 Effort of temperature on Vapor-phase carbonylation
(GHSV=4200 h™' | P,,=1.2 MPa)

Conv. & Sel. & Yield/ %

Bl 7 CO Js J3 08 SR A B ) R )

Q

Fig.7 Effort of CO pressureon Vapor-phase carbonylation

(GHSV=4200 h™" . T=130 °C)

50 -  —m—DMM Conv.
—@—MMAc Sel. [ J
45 - —A—MMAc Yield
40
35
30
20
A
15 | m
| I 1 I

80 920 100
Gas hourly space velocity/h™

Pl 8 AR S UG AR B R A S I 4 5 71
Fig.8 Effort of GHSV on Vapor-phase carbonylation
(P=1.2 MPa, T=130 C)

BRI MMAc R IERE 7, CO I 0.4 5%

1.6 MPa B3t #2Hr, DMM B9%4% 163 H MMAc S8tk

AR, YIS T 1.2 MPa I, DMM #5465 F0
MMAc #5384 F [, MMAc OR300 £
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Uo; I8 AT LLE t, B A2 3 M 3360 1 &
4620 h™', DMM #% L R AR, MMAc B #1E TH s,
25 4200 b I SR AR R AU ;  IA R A Y
i, DMM 7EAE AR i B8 AR g, 454 SCikii
VR AT RS A R T CO R DMM WY
(Rl =4 ZOCH, OCH, W A )i, ZOCOCH, OCH;,

P75 MMAC SEEMETHS. 255 % 18 H AR =Pk
R [G|BFHE R N RERE , LYE1ERE CO JEJ) 1.2 MPa,
PRFHZS 3 4200 h™' . RV EE 130 CAEH DMM S,
FHERIEAL A PEA 2.

TE ORI 25 3Rl 1, 36 3 45 T AP iR
e A S a0 K fh 3 S R ZSM-543 - i i DMM Bk 3t

%3 BIRBMAIERS ZSM-5 5 F 0 MR A 6t

Table 3 Catalytic performance of ZSM-5 zeolites before and after citric acid modification

Products selectivity s/% MMAc
Sample DMM Conversion x/% )
MMAC MF MeOH DME Yield/ %
HZ-CA-0 354 47.6 19.0 0.0 334 16.9
HZ-CA-4 49.3 55.0 14.0 0.3 30.8 27.1
HZ-CA-12 59.5 59.3 11.8 5.9 23.0 35.3
HZ-CA-24 48.8 55.3 12.3 0.3 32.2 27.0
TfEAEPERE, S W o FH AR B TR TP G ( MMAc ) 5 ZOCH,OCH, By Iy #fg I al 4, HZ-CA-0 PHI 3R

b AETEH BR B RS (MF) | —F ik (DME) | P
(MeOH) 25 B = 4. Xt H 4 Fp o0 TR AL TG 1, AT
BB R SR &, R~ 5 3 F
ZSM-5 43T At B B A0 &b B AT 9 4 10
AR BB Bl AR T Ak B o [ A < S 1 i s sk s, G
T HZ-CA-12 I S AER L TEE, DMM Fb %
}159.5%, MMAc BE#:1EHR 59.3% , WHE N 35.3%.
454 NH,-TPD 5 Py-FTIRFEME M 455, 2 Fifi gy
HR R i 1 HZ-CA-0 23T 0.48 mmol - ¢~ #4/i
% HZ-CA-12 1% 0.63 mmol - g, BlJ5 L FAKE] HZ-
CA-24 73 F i i) 0.58 mmol - gfl , 52 XN AT
i B R & 30.77 B8 % 92.55 wmol + g~ FEREAR
) 65.80 wmol « g™t X LLAR b L 2 N JER
DMM b3 08 4 i BE — 30, f UL g B iR
HEDLE DMM #Abp EE N R, X B 5 AT
gﬁi[lﬂ .

HE— 20 %] SN ) o3 A #EAT 43 BT, 5 HZ-CA-0
L, HZ-CA-12 RIS % = ) MMAc BE8EME I
TR AR e B . DMM 764> F 0% I 0 S hE B 5
R B R R B R (1) 5
(2)"F DMM A5 5T A B R AR T 4R
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Effect of Citric Acid Modification of ZSM-5 Zeolite on Vapor-Phase

Dimethoxymethane Carbonylation

SUN Ze-ping' , WU Jian-bing'*" | LI Peng’, ZHAO Yong-xiang'**"
(1. School of Chemisiry & Chemical Engineering, Shanxi University, Taiyuan 030006, China;
2. Engineering Research Center for Fine Chemicals of Ministry of Education, Taiyuan 030006, China;
3. Synfuels China Technology Inner Mongolia Institute Co., Lid., Taiyuan 030006, China)

Abstract; The nanocrystalline aggregate ZSM-5 zeolites with low Si/Al ratio were synthesized by a seeding tech-

nique and modified by citric acid. Their catalytic performance in the vapor-phase carbonylation of dimethoxymethane

(DMM) to produce methyl methoxyacetate (MMAc) was investigated. The results indicated that the catalytic per-

formance of the ZSM-5 zeolite could be effectively improved by adjusting the citric acid treatment time. Zeolite trea-
ted with 0.2 mol/L citric acid at 80 °C for 12 h could obtain 59.5% DMM conversion and 59.3% MMAc selectivity,
MMACc yield increased from 16.9% to 35.3%. Various characterization results of SEM, TEM, ICP, BET, Py-FTIR

and NH,;-TPD show that the acid strength could be reduced, more medium-strong Brgnsted acid sites were exposed,

the specific surface area and pore volume were increased by changing citric acid treatment time. With the increase

of acidic sites, the DMM conversion rate was increased; while with the decrease of acid strength, the increase of

specific surface area and pore volume, the reaction path and diffusion of intermediate species were regulated, some

side reactions were weakened and the MMAc selectivity was improved.

Key words: ZSM-5 zeolite; citric acid modification; carbonylation; dimethoxymethane; methylmethoxyacetate



