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Aluminophosphate Bound Zn/HZSM-11 Catalyst for Benzene
Alkylation With Dimethyl Ether
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(1. Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A series of catalysts (ZnZPAlO-x) were prepared by using Zn/HZSM-11 and
aluminophosphate (PAIO) binder with different n (P)/n (Al). The prepared catalysts were
characterized by means of X-ray powder diffraction, N,-adsorption-desorption, NH,-TPD and
0,-TPO., respectively, and were used as catalysts in benzene alkylation with dimethyl ether. The
BET surface areas, total volumes and acid amounts of the catalysts declined with the increase of
n(P)/n(AD. Compared to the ZnZAl catalyst with pure Al,O; as binder, ZnZPAlO-x showed
higher benzene conversion and selectivity to benzene methylation products, and the coke amount on
ZnZPAlO-x was lower, though the coke types were similar on both ZnZAl and ZnZPAlO-z. In
addition, benzene conversions over the ZnZAl and ZnZPAIO-0.8 (n(P)/n(Al) = 0.8) catalysts
presented different principles with reaction temperature, especially at high reaction temperature of
450°C , obvious difference of benzene conversion existed.
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1.1 JE#

MR & (o A atD . m R B oy M 4D . A A Ak
oy Mrai) . BEER (= 85%). MR (65% ~
68%0) s KHTRE BRAL 2 50 JF & ol 7= fh s fB
WK 8 A (76%), SASOL Germany GmbH 7% #]
i

n(Si0,)/n (AL O,) =32 [ ZSM-11 4y T i Ji
¥y, Al K A6 ZSM-11 4 F i BB (2 (Si0,)/
n(ALO)=5O B FHERMIMMA, F 540C, 25
SANRERE 4 h BRI . SR F 75°C. 1 g 4%
FEAIN 10 mL B3 44K, 0.5 mol/L &
FACIVE AL PR 2 h, 53] 2(SI0,) /n(ALO;) =32
[y ZSM-11 43 10 S5 A

1.2 fEHFIH &

F n(Si0,) /n(AlLOs) = 32 f) ZSM-11 43 F i
JEB FURE 75 ~ 80°C . 1 g 20 T Il ¥ I 10 mL f %
W 25T . 0.8 mol /L i iR & 15 WOxk H: iE
T 3 e MEBE FREHRE B, T4,
510°CHEke 3 hy 13 HZSM-11 4y 7. FEHAE RN
—0.1 MPa Z&fFF . K 0. 46 mol/L fif IR ## % M 55
RGBT, 85°C T4 2 h, 550°CKEHE 3 hy 1% Zn it
B R0 29 60 1 5 AL R . 10l ZnZ,
LK 8 AT FBE IR TR 5 LUE U A n(P) /n(CAD )
FRERFEAE ) . ZnZ FNWE IR Bh R 45 0] 4% B B i 1L 4/1
RE¥S A, 1200C T 4 h, 600°CH5EE 6 h, 153
HIEAL TN E S ZnZPALO-2, Ho x=n(P)/n(AD,
YERXTLE, PSR AR R IR . AR RAE L R 5 il &
ZnZPAIlO-0. 8 fE Ak 51 1 A8 R . B 45 i 4k 57032 R
ZnZAl, EAEFITE 700°C . MAKZESMEAMET . K
PALH S5 h 5 B AL R 23 ) IE O ZnZPALO-2-S Al
ZnZAl-S,

1.3 fEUFIRIE

K] X GF AT Ny W BiF-JE B AT NH,-TPD
FEN AR T RAE

e H i % B BN E BUR R iE AL R Y O.-TPO,
PRI 80 mg J2 i JE B MEAL ) S T U B34, 1
WiiE oy 35 mL/min ) O,-Ar(V(O,)/V(Ar)=1/10)
RAESHEP. PL15°C/min #Y 3# R ) 70C F+ =
850°C, X FHfEE Pfeiffer /A A OmiStar B S 445 Hr
JBT T AR LA D 48 AL 7 )

1.4 BT ERETT O

SR FH 3 25 U 3 18 78 PR B 266 "8 DY A e 1 511 x4
I e A S I B PR R BE . T R T 2 S
EHIAR 2 S . BoRE. IR e ERLAR O 0.38 ~
0. 85 mm MUkL ., MEALFIR IR 2 g, RNHTLE N, <
S 500°CIEAE 1 by SRIGREZ RN IREE . 7E 350 ~
450°C, p = 0.1 MPa, MHSV (DME) = 1 h ',
F(N,)= 50 mL/min. n(Benzene)/n(DME) = 2 1§
ST AT IR e AR S

2 ZR5iHR

2.1 ZnZPAIO-x WL F 9L 1R

Bl 1 2 B il 4 (¥ ZnZAL F ZnZPAIO-x 4 4k 5
9 XRD 3%, dlE Lol L, B o 4 AR50 2 K Hh B
ZnO @i, KW Zn T UK R LT KR
LRGBS EEAE N - AL Os s T n(P)/n(AD Ky 0.8 1y
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(3G I SRR AT S e iR E 2 T 855 . 1T PALO &
PRI a7 A7 S (R AR I C 1 06 588 B B n (P) /n (A 34
I3 58, Lee % T AT n(P)/n(AD
PAILO Fh25 70l 25 1) ZSM-5 fiEE 1, A B R v i
P RHLEK SR A i ALTE SRS BE I . B T A EAE
FAER T8 PALO ShAH . B, 58 2 4k 00 o ol 4%
LRI A PALIO S A, (B o J7 41 98 R 8%
A1 511 E AR HE B A

2017(°)
1 ZnZAl 1 ZnZPAIO-x {4k %I B XRD i
Fig. 1 XRD patterns of ZnZAl and ZnZPAlO-x catalysts
T Tridymite; C—o-Cristobalite; A—y-Al, Oy
(1) PAIO-0. 8; (2) ZnZ; (3) ZnZPAIlO-1. 2; (4) ZnZPAIO-1.0;
(5) ZnZPAlO-0. 8; (6) ZnZPAIO-0. 6; (7) ZnZPAlO-0. 4;
(8) ZnZPAIlO-0. 25 (9) ZnZAl; (10) Al, O3

Kl 2 i ZnZPAIO-z {4655 9 NH,-TPD il £ .
B 2 "] 0L, & ZnZPAIO-x fi 1k ) ¥ 78 260 1
A40°C B3 B0 2 SRR UG . BRI AEAE 2 FpAS ] ik B2
MR Gt . KA HLET S ZnZPALO-2 {4k 7Y
NH;-TPD fi£k vl & &3 B AT SR 5, 45815
TR 1. AR B A 7K AL B AT AL ) B R
1006, 7K A4 3 F A Ak 700 R A2 1) A X A 43 B it 3]
FHR 1, R 1FENIIHT ZoZPALO-x Ak 5 1 2%
PEJ

100 200 300 200 500 600
Temperature / C
2 7ZnZPAIO-x £ #) NH,-TPD f %

Fig. 2 NH;-TPD profiles of ZnZPAlO-x catalysts
(1) ZnZAl; (2) ZnZPAIO-0. 2; (3) ZnZPAlO-0. 4;
(4) ZnZPAlO-0. 6; (5) ZnZPAIO-0. 8;

(6) ZnZPAIO-1. 0; (7) ZnZPAIO-1. 2

2 1AL, ZnZPAIO-o fi# 4k 7] 9 B 2 i AUR
SALRFRBE 7 (P) /0 CAD (R38N FEAK, 1l G842 B R
M BT B0 1) PALO M RTEC . R &Kk
FRAEALF A BR BB n(P) /nCAD B3N FEAK . T

&R 1 ZnZPAIO-x 4L 7 B 3R H % B A0 B 1%
Table 1 Texture properties and acidity of ZnZPAIlO-x catalysts

Acid amount/ Relative value of

Catalyst Sper/(m? . g 1) Vo /(em® « g= 1) VMiero/ (em?® « g= 1)
(mmol . g~ 1) acid amount? / %

ZnZAl 342 0.48 0.08 0. 57 20
ZnZPAlO-0. 2 370 0. 67 0. 08 0. 50 28
ZnZPAlO-0. 4 354 0. 64 0. 10 0. 48 23
ZnZPAlO-0. 6 349 0.63 0.09 0. 45 25
ZnZPAlO-0. 8 320 0.59 0.08 0.43 24
ZnZPAlO-1. 0 300 0.52 0.07 0. 35 22
ZnZPAlO-1. 2 298 0.52 0.08 0. 31 20
Sper—Specific surface area; Vo — Total volume; Vo —Micropore volume

1) Residual relative value of acid amount after steaming treatment at 700°C for 5 h
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0. 8 W ik B KAH (48. 02%) . =¥ F ML S
(19 JOT S 3 BICRR B A YRR S5 St 43 BAE 9800 ~ 99 %

ZIl, WA R S R = R R
Wy, S Bk R/NHEB I A R L R
SR, R ORI S R G RR Ol 2R AR
Y(MB), A CHREGERNEZ ALY
(EB), BARBEE #ALF o n(P)/n(AD K724, H:
AL R-DME J¢ 3% 4k 2 B fiT £ MB Rl EB W 7= 4] (1)
Er A RIAE LA AR L, [HJR ZnZPALO-x fEfk
A =y MBI JG 43 B80S = T ZnZ AL 4R BT A5
PRI MBS S B I AL T A Y EB
BABHMKTIEEMA. U EgREN, 55
AL O; FhasFI M LRI A H . R & PAIO 245 7
MIREAL TR, BE4E 5 4-DME %t 3k 5 4% 1 5% 1k %
LR AR HE 2 F 3 Ak B g ) [ B 410 1) 1 2 2 3k S R
L5 RURHEG AL SR 2 ) 43 A . ZnZPALO-0. 8 ik
A AR IR .

& 2 ZnZPAIO-x (L X-DME IR Bt R W R =¥ 2
Table 2 Conversion and product distribution of benzene alkylation with DME over ZnZPAlO-x catalysts

Conversion/ % w(Product) / %
Catalyst
DME Benzene Dry gas LPG Liquid
ZnZAl 100 43. 37 0.28 1.73 97.99
ZnZPAlO-0. 4 100 45.95 0.11 1. 10 98.79
ZnZPAlO-0. 6 100 46. 79 0. 08 0.93 98. 99
ZnZPAlO-0. 8 100 48.02 0.18 1.13 98. 69
ZnZPAIO-1. 0 100 45.43 0.11 1. 10 98. 79
ZnZPAlO-1. 2 99.92 42. 41 0. 14 1.04 98. 82
w(Product in liquid) /%
Toluene Xylene Ebz PBz ETol TMBz DEBz Cib A Cs.¢ paraffines MB EB
ZnZAl 43.94 26. 26 6.33 1.75 4.41 6.76 0. 80 8.55 1. 20 76. 96 7.14
ZnZPAl1O-0. 4 40. 99 30. 39 5.05 0.97 3. 47 9. 37 0. 74 8. 34 0. 68 80. 74 5. 80
ZnZPAlO-0. 6 41. 36 29. 94 5.52 2.91 3.58 9.14 0.73 6.21 0.61 80.43 6. 25
ZnZPA10O-0. 8 41. 38 31. 50 4.16 1.02 3.18 9.75 0.57 7.73 0.71 82.63 4.73
ZnZPAlO-1. 0 41. 68 30. 07 4.93 3.33 3.52 9.16 0. 64 5.95 0.72 80. 91 5.57
ZnZPAlO-1. 2 43. 88 30. 74 3.82 1.12 2.98 9.01 0. 54 7.38 0.53 83. 64 4. 36

m(Catalyst) = 2 g; n(Benzene) /n(DME) = 2; T = 350°C; p= 0.1 MPa; t= 3 h

Ebz—Ethylbenzene;
MB-—Toluene+Xylene +TMBz; EB—Ebz +DEBz

PBz—Propyl benzene;

R S Ak N S — MR ) R L R . R AE M
fL71 1) Bronsted B LiG{LJ5 . Wl fig5 DME 7 f#
KBRS AR ((CH,), O = CH,, + CH, O 7™
A CHy, M CHL O, 85 6 A4 i 3tk =t .
A ATRE S W B SAEAE R A . Ak

ETol—Ethyltoluene;

TMBz— Trimethylbenzene;

DEBz—Diethylbenzene; A-—Aromatics;

DME [ 406 3k, B 1 LA b 2 7 ) 5 R RN ob
A By o nl DL 3 55 48 A0 2 R — B e R, IR 2
AL E R R AL R — R AR, [,
L=y e DME S5 #9 46 F 28 ke e 4k 2 A 56 4 S
Mg R . AR R PR3 3, ) [l e 2f DME 5544
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CH;, 1 CH;Oc, . M i {2 # T % 5 CHi, M
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B PALO Zh45 500 0 78 AN i 2R 1 #4638 5%
Pt AL SN 7 ) PR
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TEZR 2 R VLA i 2ia % 27 h, HoApE b PERE
ToUl AR CR B . 7R ML IERE 1% 88 T RO G Ak
FIBFRBAE B+ AR [ O,-TPO 4 (CO, fF5) 7R
TE 3. mE 3. FrAfEfHH7E 440 F1 570°C
BRI 30 2 A0 BT 0, 156 B I AN [ 38 45 7 2R R
MR R SRR, . B AL T n (P /n CAD By 3G 0
PR U Xof 7 P WA 3 4 R 1) e 3 7 1l AR RS . U TR K
ANHT R B AR TR R ke e B AR X 220, R ZnZ AL i
R A & o 10020, 24 ZnZPALO-x 4L
0.4, 0.6, 0.8, 1.0 F1 1.2 W, FAH R B &4
WA 43% ., 28%., 35% . 19% M17% ., FEH n(P)/
n(AD M 0(ZnZAD B Z 1.2, 4k F) ik 5 12 W7 1% A%
(WL D, i TR 2oL, 28Uk
O PALO B85 700 09 m A BEAK T 4 46 R0 1 R 1
FUR LR B 2 FEAIG . T ZnZPALO-0. 8 fEfL 5] 1 FL
HEE R T ZnZPALO-0. 6 AR Y, AT BB I I Al
TR -DME H He A S 1) 4% 6 Ak 28 1 (FE T 2% 42 1Y
AT f D . AN A BB R B T s, DA gk
REW, 5 ALO, FZ55HRAH . PAIO Fig5 5 1y m
ARG T AL 0 0 R . AT A3 &80 il T R-DME
Pt H Ak SN F A AT B R 9 A B

Temperature / ‘C

3 EWE-DME RELREFELTE 0.-TPO i
Fig. 3 O,-TPO profiles of catalysts used in benzene
alkylation with DME
m(Catalyst) = 2 g; n(Benzene)/n(DME) = 2;

T= 350C; p= 0.1 MPa; t= 72 h
(1)ZnZAl; (2)ZnZPAlO-0.4; (3) ZnZPAlO-0. 6;

(4) ZnZPAIO-0. 8; (5) ZnZPAIO-1. 0; (6) ZnZPAIO-1. 2

Freiding %/ #F 58 2 W1, in A PALO % 25 7 (1
ZSM-5 4y FififE Ak MTO KR H . U HUAE 43 1 O
ARG WX TR AL O, B85 F A 10 AL
TR S 4647 F 0 A gh 25 70) L Rl B = 24 . ZSM-5 4y F
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MTP sz Jij o] DA ] S 3O e A il i) &2 5% % F 3R 4k
SR s R I R 8 R A6 57 e AR e A A . B Ak
A PALO Fhi455 1 ZSM-5 43 i i Ak 77 T MTP
SN s AT R o B A AR TR o (P)/nCAD [ 3
I, 5 08 R e 1) B s DA O
2.3 ZnZAl 1 ZnZPAlO-0. 8 &1L X £ 1L 1 BE LL B

Freiding 2" 4t 18 T SiO,. AL O, 1 PAIO %
ERINE ZSM-5 4y F i A R AL BE i e . 25 R
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o MB Jf i o FOHE B i, T EB a2 S0A R R
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Table 3 Influences of reaction temperature on catalytic performance of ZnZAl and
ZnZPAlO-0. 8 catalysts for benzene alkylation with DME
Benzene w(Product in liquid) /%
Catalyst T/C
conversion/ MB EB PBz ETol ChA Cs —Cs paraffins

ZnZAl 350 43. 37 76.96 7.13 1.75 4. 41 8.55 1. 19
ZnZAl 400 43.47 86. 69 5.27 1. 20 2.75 3. 54 0. 54
ZnZAl 450 37.22 93. 37 2.96 0.21 0. 98 2.23 0. 24
ZnZAl-S 450 51.52 96. 6 0.28 0.12 0.32 2.49 0.19
ZnZPAlO-0. 8 350 48.02 82.63 4.73 1.02 3.18 7.73 0.71
ZnZPAlO-0. 8 400 48. 81 89.95 3.23 0.76 1. 74 3.92 0. 40
ZnZPAlO-0. 8 450 50. 24 94. 33 1. 07 0 0. 50 4. 04 0. 06
ZnZPAlO-0. 8-S 450 55.43 96. 59 0. 39 0.07 0. 34 2.53 0. 07

m(Catalyst) = 2 g; n(Benzene) /n(DME) = 2; p= 0.1 MPa; ¢t = 3 h

. Catalysis A: General, 2010, 374 (1-2). 18-25.
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