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1.1 SAPO-11 % FiE %l &

O3 T A& T BRI L AR DR R TR Bk W
iR (fb 2, H,PO,85% ) . L /K 5 A1 (Lol 4%,
ALO, 72% ) | iR (L%, Si0,26% ), —IEHN
JHe Sy A5E Al ). B 4 RS 4H A 1. 0ALO,
1.0P,0; : 0.6Si0, : 1.2DPA : 49H,0, 4 i 7 il
FUGEFE PRI A A A BB RR A, ARG HK
U AR R BT e T . RR 5y a3
A 100 mL A7 FPUF L0 N AN ik 2 .
WG B AE B AR J) R F 180 ~ 200 °C i1k
20 ~28 h. gdfbr= My &k Uk . kTS 1 0 O R
¥y ERE S I TR AR IR 2 550 CAEBE 4 h i
FRAECAR A, 75 SAPO-11 J3F-4.

1.2 KESKE SAPO-11 5 F %

9 g k4% 0.90 ~0.45 mm fi¥] SAPO-11 43Fiifi
FEALR UL BT SO g A TERL X, AR R 342k
HORI#% 2.00 ~0. 90 mm ({15 YA BERP. 78 10 mL/
min [ N, SR F HHEZ RS L 0. 1 mL/min
MR TN EB 7K, 9 h G IERAEETK,
JIFEFRSNRP TR HEEE. KESLH)E 5
T4, 133k4E 0. 90 ~0.45 mm AL 5
KIAE 120 CF 412 h, LL1 °C/min [ FHEE R T
R3] 500 CJaksbe 4 h. S 20 1 sk 4 70 K il
RN L.

AR MR

F 1 KESBES &R SAPO-11 5 F it fm
Table 1 SAPO-11 zeolites modified by steam

Dealumination Processing
Sample
temperature /C time /h
SAP0400 400 9
SAPO500 500 9
SAPO600 600 9

1.3 YRR 5 RAE

XRD Wl i % il D8-2 Advanced X §F 2% fif 5 X
(48[ Bruker 2 7), Cu K, 2k, 4 JE 40 kV,
LI 100 mA, H B K Ny 4 /min, £ [
20 = 5°~50°. SAPO-11 4 T BE dh AT 5% 5
FOHSEIT AT « 5 SRR SAPO-11 43 Tk A0 445

ML A AT ST o Z A 1y, BISRJHEEA SAPO-11 73
TR b, R X 4 b e an S A G 4
AR XS 25 B = 1/1,x100 %, Hirp 1 ke i
1R % AR () 7 S i B8 22 .

ICP 43#7% Fi Perkin-Elmer Optima 3300DV ICP
ARSI E AL TR 5

AR Y MO M M BE £ 1E /£ Micromeritics
ASAP2000 %I 5 2 4 PR FfHY ( 3& [E] Micromeritics 2%
a]) BT, LA HEAG R AL Y BET LR mIERAISL
PR DUCHITRE S TE 200 °C LS 25 EBK 1 h, N, 1)
JBE M AR ER A E AE-196 C R AT, d#id Brunauer-
Emmett-Teller(BET) J5 BI04 i 1 L THIAH.

NH,-TPD il 75 H il i) TPD R G k47, Ar
NE, WIH 36 mL/min. JEGIFRIBUEILTIFE S 0. 2
g, L 10 C/min {3 THR ] 500 C, 16 60
min, SRJ5 HARFEIRLE] 40 °C, Jikim b NH, 220 ft
PO, PR 60 min DL BR 97 BRI B 1Y NH,.
FITFAT RN 2%, FRdt A s, DL 10 °C/min (1)
THE B AR THEF] 700 °C, T3 Bk <.

s AT 5 R H ST H-600-2 R4 H1 45 (SEM)
PEATI3HT

PR T MR F TG/DTGI2 ( Setaram, France )
PR E ML, PRI 10 mg A4 B T P e
SURE P FEAT I, THELE AN 10 °C/min, iz il
J& k1 800 °C.
1.4 LIOEE

e A S 7 % 2 [ IR SN R AT, Sk
Ry BOKIAR 0.90 ~0.45 mm L7 2.5 ¢, &
TR s TR IR X, HEAGTR] BN B I R A H &0
VAT, SOMATHEALRITE N, fR9PF T 540 C T
B2 h, FERER 425 C. FRRERENS, WIE T HZE
(Naphthalene ) , HHi%( Methanol ) F14 = FH 2% ( Mesity-
lene) WM ELLL 1 2 5 2 3.5 WA HA), ARG I
EHHRIELL WHSV = 0.06 h™' (RLZEHH5) (23 wofs
JEEREREN. T ave i fs , AR T3
BT, DT 38 S 0L R A 3R = O e
1.5 iR A&E

77 GC9560 “UAH (3 (i bl fE 2% 20 Wl 4
ft) J3Fr. FID A as, BN AR @GN Su-
pelco 23 A Beta-DEX-120 % £ 4145 (60 mx0. 25
mmX0.25 wm). Z3Hr A AR AR THE,
160 °C {54736 min ji5, UL 10 °C/min [ FHEH R T}
2 190 C, fRFF 45 ming JEREARFIR I A% 3 100
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Fig. 1 XRD patterns of SAPO-11
and SAPO-11 zeolites modified by steam

R 2 RESYIEATE SAPO-11 53 F I B ¥ L F 44
Table 2 physicochemical properties of SAPO-11 and
SAPO-11 zeolites modified by steam

Sample  n (Si0,/ALO,)  Relative crystallinity /%
SAPO-11 0.531 100
SAP0400 0.682 98.6
SAP0500 0.731 82.4
SAP0O600 0.792 76.7

HE 1 ATRVE W, XFHR MR SAPO-11 43 F
T RFAE 0, 2 B AS [v BE ves T /K 78 vk 5 4%
T AT 5304 (8. 15°, 9.40°, 13.20°, 15.57°)
A BB KA. XU R TEK 2% S b H T
B IR AT AEL $r4hE5H 1Y SAPO-11 43 )
AL, EFEE K78 AL BR L 19 T, SAPO-
VL -0 B4 0 37 S5 06 A AR G 3 B8RRI, 4% 1 0
(RAET 25 fi B2 S TRt #, n (Si0,/AL0,) JEF I
Frigtem (W3R 2). "I hL, H &K ZE A Y
A RABR 2543 F 0 v i e 4 e, i Lt mT DA
BREr 440, JE S MER A AR B SRR AR L A s
OY PO, BT SRS P A BE AL, A
5 S B RRAIS. AR B , DA 7 A s
B, 4T IR S Ao B R BT B, ARG &5 R AR I
VN SRR B BR, DA B AR TR
n (Si0,/AL0;) fH.
2.2 SEM

IKZES MRS SAPO-11 43 F-0i (1) SEM i |-
W2 fiR. WNER AT RUE H, R 2KZE R
SAPO-11 23 i th S KT IR R AT BU BRIk, 4
KRS, i AR B SRR Y R g
WEMERE , 107 ELL T DABERR B 2R, R A i A
JE vV, 2A X ¢ 3 e 1T T BUAEZ S A R S WAL et
G AFAL, BT ki R R
2.3 N, Wit it

3 RKZEAMAERTIS SAPO-11 4 F 1 (19 21
25 . I F s al LLF i, SAPO-11 4y T fiff 4
400 C /KR HS , 47T 0 i 03 1 BURIAY
FLILZEH R 64 m’/g F10.123 em®/g 4873 T
76 m*/g f 0. 162 em’/g. 3% 7] fER 4> T Ii7E =R K
RIS R R A T B4R, AT 4 T S5 48 K
AT A IRSLIE L B K 75 AL PR FE Y
PR, LA He 2 B FLIR B HT R AIG. 240K



334 S T

e 29 %

RS MM FRIRE 400 °C #2555 600 °C B, SAPO-11
ST RY e R WAL 119 m*/g, FEKE] 91 m?/g;
fLZ5H 0. 188 em’/g [ F] 0. 141 em’/g. X &

>

B2 kS
Fig.2 SEM images of SAPO-11 and SAPO-11 zeolites modified by steam
(a) SAPO-11 (b) SAPO400 (c) SAPOS00 (d) SAPO600

TR L KA T AR, 2 T B AL
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& 3 RESUERE SAPO-11 5 Fif Y tL REFFLIAR
Table 3 Surface areas and pore volume of SAPO-11 and SAPO-11 zeolites modified by steam

Surface area /(m” + g™") Pore volume /(cem® + g™")
Sample - : b . . b
BET* Micropore External Total® Micrpore Mesopore

SAPO-11 196 132 64 0.184 0.061 0.123

SAP0O400 119 81 76 0.188 0.049 0.162

SAPO500 119 74 45 0.153 0.034 0.119

SAPO600 91 50 41 0. 141 0.023 0.118
Synthesis parameters: 1.0AL O, : 1.0P,0; : 0.6Si0, : 1.2DPA : 49H,0

ATt B 7K 78 SO IS 2010 A LA 23 A1 0.24
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OIARZETE , XL RE R i TR K 2R AL B R UORE
] AH EHE R B HEAR AL A 1.
2.4 NH,-TPD

Bl 4 2K ZE S PERT G SAPO-11 43+ i 1
NH,-TPD 2k, KZ MRS SAPO-11 43 0
MR LR 4. WK 4 Tk 4 thal LUE &, eobEan
J& SAPO-11 43 Y BR 5 2 A K AW A8 4k, 73
1 (%) 2 it i 7K 2 A Ak B B 1) 8 v 17T A T T
We. S0 BRF 0 G200t 0 17 o M 45 SR R (L%
4), il @ik ZESAE IS 1) SAPO-11 43 1 1
SRR SRR AR R A A T R X — T
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Fig. 3 BJH adsorption pore size distribution of SAPO-11
and SAPO-11 zeolites modified by steam
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1 1 1
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Bl 4 JKZE SRR SAPO-11 731 i) NH;-TPD Hi£k
Fig.4 NH;-TPD curves of SAPO-11 and SAPO-11

zeolites modified by steam

T FR T e TR K 28 AL HE T B0E 4R AR
W, AR O B E 2R YR RO A s 55— T T Al
AE o LK 2 A BRI AR 5 7 AR I B SRR 2L
i, LRI NASH T NH, 507 2EA T 01 1
fLiE, PR RI RN A D, X 53R 3 13k
L4 RAH— 2L
2.5 KRESHIERS TR R MERE

IR B ZR AR A i WL 5. AP
A RUR L, IR K 28 UL BRI SAPO-11 731 2%
ARG R T, M B K 28 AL PR A
AT R B FEAT. 3 I A R 1 K 78 AL B R
BE, Xb o ) FLIE S OS2 R A R A 3 A
3 ATRAE Y, ORI AL B R A R T 2 T
GBI ALALAFIALAR, SGE R BRIY BLRE s 5 T

&4 KESYIERTE SAPO-11 5 FiEHIERE
Table 4 Acidity values of SAPO-11 and SAPO-11 zeolites modified by steam

Weak acid sites

Medium strong acid sites

The total acid

Sample Peak temperature The acid amount Peak temperature The acid amount amount
/C /(mmol - g™) /C /(mmol - g™) /(mmol + g™")
SAPO-11 192 0.42 300 0.33 0.75
SAP0O400 192 0.35 300 0.20 0.55
SAPO500 192 0.29 300 0.18 0.47
SAPO600 192 0.22 300 0.15 0.37
A58y 2 e b L T S R A 40 T 7 L, B
100 oo SEREPE Y. IR, 4 i A0 7Kk 2 A TR BE i 4
or —e— 5AP0400 1 4 A 00 15 1R A S — B BRSO RE i
80 | —4— SAPOS500 e
| —%— SAPOG00 AT
g | B 6 AP T 43 B K 2 AL BRI X 2, 6-
: ol DMIN e 5 B 17K 5 A BRECHE i SAPO-
S wl 11 AT F 2,6-/2,7-DMN (g HLEAE (. MR eha]
Z ol DATE 8 K S A BRI A )T 2,6-— L 3
1l SEMREPEE O3, I 2,62, 7-DMN 1 LU (4%
wl B HRBR K AL BREE T 2, 6- DMN (3%
{2 s 4 5 6 71 e MR 2,6-/2,7-DMN {9 F(HAS R . 3T g

Reaction time /h
K5 sk Z& MRS SAPO-11 AL E 25 AL LL A
Fig. 5 The conversion of NAPH comparison of SAPO-11
and SAPO-11 modified by steam
Reaction conditions:425 °C, 0.1 MPa, WHSV = 0.06 h™',
n(naphthalene) : n(methanol) : n(mesitylene)=1:5:3.5,
time = 8 h

T B i BE K 28 UL B, SAPO-11 731
MR FEAR, 2, 6- DMN fE5) 10 S 1fi K A 5744
PO R JEE AR, [] Ik it 3 70 0 F) R e PRI
AR R P o0 7= A 0 CT b A% 52 17 76 P IR
PEUZRER b7 2 5 B AR BER 19 6 (7 A P64 o
SR, BE O E A TR TR OK 25U E M TR, 2, 6-
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Fig. 6 The selectivity of 2,6-DMN comparison of SAPO-11
and SAPO-11 modified by steam
Reaction conditions:425 °C, 0.1 MPa, WHSV = 0.06 h™',

n(naphthalene) : n(methanol) : n(mesitylene)=1:5:3.5,
time = 8 h
1.9
—il—SAPO-11
1.8}k —&@— SAPO400
—A—SAPO500

—v—SAPO600

— — —
wm =) ~
T T T

2,6-/2,7-DMN

—
-
T

1 2 3 4 5 6 7 8
Reaction time /h
K 7 KZES ) SAPO-11 fi#E#4k57) | 2,6-/2,7-DMN
I H A
Fig.7 The 2,6-/2,7-DMN comparison of SAPO-11
and SAPO-11 modified by steam
Reaction conditions :425 °C, 0.1 MPa, WHSV = 0.06 h™",
: n( methanol) : :5:3.5,

n( naphthalene ) n( mesitylene) = 1

time = 8 h

P 8 JE AR 2 XS 5 b B AL SO RE B2 T, DA
KPR LI, SAPO-11 7 FiifiZt 400 “Cok 7% <Ak
MG, ZRFAR, IR P L & 2, 6-
DMN AYSCRAF 2 T RO IR B A P . X B2

IKZE AL I T ALAR AL 98, LR, s T
SR A=y i RS R .

60

55 | Il NAPH Conversion
Selectivity of 2,6-DMN

50

2,6-/2,7-DMN o
45 72,6-yield - 7
40 7
35 +
R
30
25 L

20

15 | |

10 I 1 I
5t B I -
) o R L[t -

SAPO-11 SAPO400 SAPO500 SAPO600 -
P 8 K& MRS SAPO-11 731 9 25 b S Ak
S TERE
Fig. 8 Catalytic performance of SAPO-11 modified by
steam and unmodified in alkylation

Reaction conditions :425 °C, 0.1 MPa, WHSV = 0.06 h™",

n(naphthalene) : n(methanol) : n(mesitylene)=1:5:3.5,
time = 8 h
2.6 KREBESH RS FIrRBRETAR

€9 Al 10 435124 SAPO-11 I SAPO400 43-F
O A A AR S B 11 4 T AR 45 L. i sk el

102

100

98 -

96

94

TG/ %

88 |

36 1 1 1 ] 1 1 ]
0 100 200 300 400 500 600 700 800

Temperature / °C

€19 SAPO-11 b i 2 Hi i 2%
Fig. 9 TG curve of weight loss of SAPO-11
Reaction conditions:425 °C, 0.1 MPa, WHSV = 0.06 h™',
: n(methanol) : :5:3.5,

n( naphthalene) n( mesitylene) =1

time = 8 h

& 9 F1 10 1y 50 ~ 250 °C [y 2k W N %5 T4k
) 2% T R B R BILI A PO R o e, AN 2
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Temperature / °C
[&] 10 SAPO400 Jz it J 11 2 2 i 4%
Fig. 10 TG curve of weight loss of SAPO400
Reaction conditions:425 °C, 0.1 MPa, WHSV = 0.06 h™",
n(naphthalene) : n(methanol) : n(mesitylene)=1:5:3.5,
time = 8 h

XA 2 16 3 s . X1 9wy 250 ~ 480
C YR FEIESEARF S T B K . RV 5
PRI NS> AR BB R EE . 18] 10 Hr i 480 ~
800 °C Z: T I 9 Hr ) 250 ~ 800 °C 4k H Iy fl
WAL 5 IO S e, AR 18 A — 2 . A
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0.623% , T4t 400 C K ZE A F S, 70T
Ui ) AR ik B R B 1. 643% . R 3 A I,
SAPO400 fAMR IR AL A BTt s, X f
FIF SR A= B, AR e .
b, SR R AR AR Ak AN S Ak 700 2 30 1) 2 A
M FBUR B e KRR TR iR R s 1, &
BRI L, B IR IR R b, RER TS
R P LRI 2 A 700 2 T 1) 2 A

R
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TR 0B R LR G B R AR, HR S K ZE S AL B
TS, BRI R RR, 7= A B
3T S5 05 5 B AN T I AR, R T 4 B AR UK D
AN R AR AFLARRUA B R, X2 th TR R R
BERIK R SAR PRI, (HERR B 2R E T 77
A FLIE S L.

3.2 NH,-TPD £BH, 4 F i i R 5 bl K KK
A FRELE P T R, X —Jr T e BT R
KRG BB MR R IR, AR O

(B AR RO A 5 55— T3 T T BB i K 281
Kb B ER e A AR AR I 2R LT, BLIARUR
P/ NASF T NH, 2305 1E A 2310 5 FLIE - P i R0
TR BR LA D

3.3 FUKZ& R SAPO-11 73 -0 £ 47 Ak B ok
P, TR T T RR R, NIRRT RS
AEST. U BN 10 25 0 P e i A1 S 7 ) A
PCTEVEA FTREAR, ZR BB LA T Bt s, (HRX
2, 6-DMN fiy & £ P4 I 3% $2 . 2l 3 Uk
SAPO-11 43Fiifi 4 400 CAKFESMIE , ZRMHAL
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TERERE SR, X E 2R K UL 71
LR TE, SLAAEKR, B T B A= i 9
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Study on Catalytic Synthesis of 2 ,6-Dimethylnaphthalene
over SAPO-11 Zeolites Modified by Steam

WANG Xiao-xiao', LIU Zhen-min', WEN Jian’ , ZHANG Wei’, ZHAO Liang-fu® "
(1. School of Chemical and Biological Engineering, Taiyuan University of Science and Technology ,
Taiyuan 030024, China;

2. Laboratory of Applied Catalysis and Green Chemical Engineering, Institute of Coal Chemistry,
Chinese Academy of Science, Taiyuan 030001, China;

3. Shan Xi Natural Gas Limited Company, Taiyuan 030032, China)

Abstract; SAPO-11 zeolite catalyst has been treated with steam. The structure and acid property of SAPO-11 be-
fore and after modification were characterized by XRD, SEM, NH;-TPD and N, absorption-desorption, and the in-
fluence of the catalytic performance of SAPO-11 zeolite modified on the synthesis of 2 ,6-dimethylnaphthalene (2 ,6-
DMN) was also studied. Results show that after steam treatment, some of Al was removed from the framework of
zeolite, the amount of acidic sites were decreased, surface area and pore volume were reduced. As a result, 2,6-
DMN selectivity, the ratio of 2,6-DMN to 2,7-DMN and catalytic stability of SAPO-11 zeolite catalyst increased
significantly.

Key words: SAPO-11 zeolite; steam treatment; naphthalene; 2 ,6-dimethylnaphthalene



