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ZSM-5 64 Tt (48 20 ~ 50 nm, nSi0,/nAl,
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B R PR BE R 0. 4 mol/L S PR ER TR, Ak
5 e BR VW VR AR L Ry 105, RS &R,
A2 K. BRI R A 1 he S84 5 B AR R
B TRFEIKYE, ARG TH(100 °C, 12 h) K5k
(540 C, 6 h). Ry fLIZ MU 0.6 mol/L HNO,
VSR, BRI AL A VR BV AR RR L 50 1, Ab B A
[k 24 h, A ER. BRACFE S F 2B 7K 0 i
RRIHEAT o vk, 8T pH EAMIRT 4. SR Kk
FIFEAT T4 (100 °C, 12 h) FikiEe (540 °C, 3 h) &b
B BER VAR AL (Zn/ZSM-5 ) S22k T 045 1A A
BREEHER, BRI R PR, R B
MR S Rt AR AL R B TR (100 C,
12 h) $RIG K546 (540 °C, 4 h). 435 0Zn 37Zn .
67n.97n F N Y4k HZSM-5 44k 55 DL % 3. 0%,
6.0% F19.0% Zn R4k HZSM-5 fiEfk 7).
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HEALT 1Y &8 AH 2 >k B AR Rigaku 23 &) D/
max-2400 HI X-SFERATHY, Cu Ko 55T, AR HA
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min, FIHETEHE 26 =4° ~40°. 400 1 2 Y B
[ 72 7 35 [E Micromeritics 2> 7] ASAP2020 7Y I fff
A AT, A b W B AT AE 350 °C T 4l B 48 WAL BE
6 h,SRJEHE 77. 4 K MR AR T #E4T N, W FfF-Ji5t B
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BET J7 23+ 55, BUALAR BRIl I -Plot 353155 3k 4%
HEALTRNRR KL oA P28 Ry THIRE R (NH -TPD ) o)

ME, FER AR 0. 14 g, FESRIEE 0. 450 ~ 0. 280
mm. FEFSETE 600 CF F He SR HIE4L 1 h, K
JE kR 2 150 °C, MR NH, 2 4RF1, P He K
AR LR K NH, , )5 LA 15 °C/min [ FE 7T
TR E, 78 20 mL/min [ He 0 H 4 7 BB L2 55
JBEBE R ok i NH; FH GC7890T A AH 4 3% {3 5% 47
Br. AL AR M e I e W B 21 AP St ik, 73
Nicolet 23 7] is10 {8 57 A5 e 21 AME SR F F
1, AN AR 4.0 em™, HHEFE [ 4 000 ~
400 em™. FEAIIA R ALY 10 mg A9 F L HEH R, SR
JEAELT AN B AL THE 2 450 °C I3 2025 i i
b, FEEARE R 107 Pa Rl 2s R4 E 4 h, TR
T 22 E R B RE 30 min, 35543 HI7E 150,300 F1
450 C MR E 1.
1.3 ETIRFRT i F L R

I A AR SN TE B A A € T s e L
17, O N E R U R, NAE 6.0 mm, AL
g 15 mg, HEALFRLEE Jy 0. 280 ~0. 450 mm, J5iK}
SIEE KR 0.3 ~ 0.5 mL. SO 1L
FIAE SN EE T A 30 min, SRS 7EH H A&
AT RN, RN =itk AFELR AR 51X
GC7890F (OV-101 £ 4144 50 m x @ 0.20 mm x
0.5 pm, FID fG0#%) 647 4 2 B4 B 5256 v 4
SMEE T 3 R s Rk, TR TSR IE T b (AR K
T99% ), JEEL2 A TR (2iERT 9% ), %
BE3MIRA T b (IE T %8 24. 84%, R T 4t
75.16% ).

2 R 5iTik

2.1 REMHK ZSM-5 ELF F L R

M1 A W, 40K HZSM-5 1R 8F v i s X7
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MO FLIB S5 4.
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Fig. 1 XRD patterns of modified nano-HZSM-5 catalysts
(A)0Zn, (B)3Zn, (C)6Zn, (D)97Zn
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Fig.2 N, physisorp isotherm cueves of modified
nano-HZSM-5 catalysts
(A)0Zn, (B)3Zn, (C)6Zn, (D)9Zn
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Fig.3 NH;TPD profiles of modified nano-HZSM-5 catalysts
(A)0Zn, (B)3Zn, (C)6Zn, (D)9Zn
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PR L Lewis FRCy AR, 76 1492 em™ Byl
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B, bR 3 Aol H s & 4 sl H
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Lo TEBFBCHEAE AL R, SRAE Bronsted B2 H oL 1)
1546 em™ WIS (i 25 R AIG, TR AE Lewis B2 L 1Y
1 454 cm™ W ACIG T 22400 [R]AHAE 1 616 em™ b H R
TR, SCERIA R ) 1 616 em™ Lb IR ki e
BEYIRN S HZSM-5 [ Brnsted FRH0 (HY ) & AT
BIEEETR G, B ZnO + H* -Zeo —Zn0---H " -Zeo",
IO RA Lewis BR1E, A A II6E.

HZSM-5 1 (1) 32 3L 70 PE iU 1 5 TSR IR B 7E 5+
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Fig. 4 Py-FTIR spectra of modified nano-HZSM-5 catalysts
(A)0Zn, (B)3Zn, (C)6Zn, (D)9Zn
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Brgnsted fRHULH G J34kh, AR 1 HRATIL, Bk
PEBR T XA BR FE 77 2R L B Z 81, I FEAR T
AR LT, AR t-plot A5 AL AR
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FIWr, AN T AL
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Table 1 Acidity and N, physisorp data of different Zn/HZSM-5 catalysts

Acidity per unit mass(g)

Nitrogen physical adsorption results

Catalyst

Lewis acid Brgnsted acid Sg, per , M/g Sg, mic, m’/g Sg, extern, m’/g
0Zn 75 168 312.89 190.75 122.15
3.0Zn 304 111 306.42 182.38 124.04
6.0Zn 322 89 289.81 168.96 120. 85
9.0Zn 316 56 282.60 170.21 112.39

2.2 ETHRMZ T R FEELIERE LR
M2 I, IR TE B, 78 550 “C YL
MR, BT HEEARUERIZK HZSM-S f#1E55) (0Zn)

LR AR Ty 33, 89% , T 7E £ 2ACPE 4K HZSM-S
(3Zn, 6Zn, 97Zn) b AR R = FI40% ~50% Z
] AR AR PR T, 52 T RefioR s 4ok HZSM-5
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[FIZAMET, TEAFMIEILT L5 T et e (bR #R ] 2
IR T e, U T Beft SO P TIE T ks X
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Table 2 Product distribution and butanes conversion over different Zn/HZSM-5 catalysts

nC,"(99.5%)

iC,%(99.9% )

iC,°(75.16% ) +nC,° (24.84)

Feed 0Zn  3Zn 6Zn  97n 0Zn  37n 6Zn  9Zn 0Zn  3Zn 6Zn  97n
X (%) - - - - 41.3 68.8 73.9 64.5 40.6 73.5  71.1 69.4
X, (%) 33.8 450 49.0  40.6 - - - - - 40.9  46.5  39.8
X(%) - - - - - - - - 46.0  65.4  65.1  62.1

Product distribution (S% mol)
C, 158 17.4 21.6 18.3 252 31.4 269 30.9 22.9 248 31.5 25.6

(o 21.6  14.4 9.1 12.2  20.2 8.4 9.7 9.1 19.5 11.1 7.1 9.4

C,” 16.6  10.9 15.3  12.2 2.7 5.3 4.6 4.1 4.6 5.1 8.8 5.4

c,’ 14.3 12,9 9.1 1.2 19.0 15.0  15.3  14.1 18.0 16.1  10.2  17.1

C,~ 15.1 3.5 5.7 4.0 13.2 5.7 5.1 4.1 19.5 9.2 10.2 8.5

ic,’ 1.5 1.5 1.9 2.0 - - - - - - - -

nC,° - - - - 2.7 6.6 6.0 2.2 - - - -

3C,° 4.2 9.5 7.6 9.1 5.8 6.1 7.4 11.8 5.3 10.6 7.5 9.4

Cs. 0.3 0.5 0.4 1.0 1.5 0.8 0.4 0.6 1.5 0.9 1.3 2.2

Aro 10.1  29.0 28.8 29.5 9.3 209 242 22.7 8.4 22,1  23.1 22.1

Distribution of aromatics ( S% .mol)

Benz 41.9 447 38.3 39.6 29.2 35.8 40.3 38.0 31.7 353 36.5 36.5

Tol 427 43.0  48.3  44.8 458  46.4 422 47,9 454 458  48.0  48.6

CeA 1.4  10.3 1.6 12.0 16.7 12.6 13.4 10.0 13.6 145 11.5 14.2

CoA 3.8 1.7 1.6 1.6 4.1 2.1 1.9 2.0 4.5 2.0 1.9 0.1

CppA 0 0.1 0.03 1.7 4.1 2.1 2.0 2.0 4.6 2.1 1.9 0.4

Reaction conditions; T =550 °C, P =0 MPa, Pulse reactor, d. g(drygas) . CH, + C,H,, ole(olefin) : C,H, + C;H, + C,H,

&3 £ 550 CTRTHRMIET e R K H N 5 F &R

Table 3 Thermodynamic data of the reactions of i-butane and n-butane at 550 “C

i-butane conversion paths

n-butane conversion paths

Reaction Kp Hr
1 ic,'—C, = +C,° 1450 80. 46
2 iC,°+C, "G, +iC,” 42.10 -17.72
3 iC,° +C, "G +iC, " 2.98 -6.87
4 iC,"—nC,° 1.55 9.58
5 iC,°—iC, = +H, 0.35 124.42

Reaction Kp Hr
| nC,"—>C,~ + C,° 767.10 70.86
nC,'—C,~ + C,° 19.59 91.79
2 nC,’ +C,~—C,° +nC, " 14.40  -10.36
3 nC,’ +C, = —C," +nC, " 1.02 0.49
4 nC,’— iC,° 0.64 -9.58
5 nC,’—nC,~ +H, 0.09 132.14
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TRERIEALE IE T e PR3 Hk, Nig s T ke
JEIE T, HLRs-k 5 T 24 1) 1% 1k Oy XA A k-
Wid i SR I S e X EG Al MHEZ T,
ST e BB B T 24 (4 TG Ak EE OE T B S A5 53 b,
ST RE SRBIR IR (L0 ) 22 T &5 78 s 1
FOIE T he 5 AH i e =2 i) ) S o S IO B . 3
ST 2R BE 5 2% 2 ) SRR AR S S 5
BARAAF. 2T IE T EEAER )% 1 W 2 H LT 1
(CERCHBE) LT 2 605 1k (AR b ) it 3,
A2 2 v R ST R Be s B S S b
MY &, TREIE T3 J)2& 45l Wi prik, 3¢
BR[27 %48, 530 C FIE T hefE ZSM-5 | C -C
o T 8 A PR o 1 2 P SRS AR 224 4.

TEASFIRECPEGIOK HZSM-5 AR 1, 1E T 8¢
IS T ot BN A B 75 0 ) 32 56 v 0 K e 3 .
o, IE TR SN AR S R B e R 2 3R i 3 A
ST RO AR T R PR AR 2 5. X
YL, BEOPE AR T 4k HZSM-5 155 F Ak 1k
AE. (AfERAIE, KA IE T b 09 S NG PEAS an 57
The, (HREHA RIS S TR T
BE. BR T 7R Z A0, H b 1) 18 B T e 0 K i 4
. 5, BESCHEAS U A ST b RN AR AR
BE ANt (A BE R B D, [ st i 45 0E T e S
A 8, 2 e NP e P e B T S 2> 3K A itk o
PR VPR Y28 Ak 75 R 2 B M AR SR I Wk A1 00 O Y
FFLRE TR TR, 38 T RERCAS T I a2k U A% DA I
ThEE L. Bk UL, FrolctA #2055 ok
R R TR, SRR T IE T e F S T e A0 it R 3
LA G4k, A AT A (1), (3),

(5), (6) R (11) FroR. WAL B9 Ak s s
b bF, BRekrk 224 Bronsted FRH LA R
Lewis g0, 4 fL4F A Bronsted i@ 02 5T
B Lewis i .0 HA L S R APERE, X —8i0
Weilr 2 sck o AT A R i AR (R
VD) BmssZ 5, W67 I T e S T ke 520 H )
AR AL R AR (A 12), A L &
Jot RPN o P A e

(11) Cg+ C;+ Cg+ Cy*— C¢Hy + C,Hg + CgH,, +
CyH,, * + mH,

(12) Co+ C;+ Cg+ Cy* + nC,~ + pC;~ —C¢H, +
C,Hg + CgH,y + CoH,, * + nC," + pC,°

A, M T R T R S, WEikiE(S)
o) sz 5, Al A S S 5 5 i b ik
(T)FN(8), X AEF T HETe st - &
ML B E R R 2 —. SEBr b, bR
RE T B2 R R A A ) U B SN T AR & R
I, TR/ CBE AN Bt 2B U S, S22 1k
TReA S T by ML B L B 0 N
I [F) T MR 2R T R A BT, HE, 4K
HZSM-5 et 5, ML 55 2 10 R P B Bronsted
A B T HA S AE Y Lewis B2 5, S anf] fg
TIE T BEAR T hEr I F R N7 FATTHEN , ax A)
RES IR T e A 5 T e 1) &M S AR 6. 98 SCHR i
G AT RETE B R AL R B A R L A B
AR (ZnH) TR AR, 5 B A S Bronsted 2
(H") AR HEAPERT, FTREA AT T Be i i F 2
WAk, i, XA HENA T 2 — 20 1 SEERE S

BeAh, I3 Hadnl LUKEL, R4 75% 7T
FEF 25% 1E T Bt B TR A JEOBHEAS [a) i 16 59
FEALR, HOE T BE RS T 00 1 5% 10 R 5 B — Uk}
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FOIEAR B —3. UL IE T REfn S T e e ikl
F - FE AT AN 23 A B 30 1 5 4 R R RS2

34 1’

SRRy 550 CH, S T hefe S NIA R B
T 9K ZSM-5 LR B i B AL R AR v T
IET e, (HIFMACEREEAR T 1E T he. T 395 1k
JESE TReMIE T Fery B2G AT 20, W m Ty
AP ERN .
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Aromatization of n-butane and i-butane over
Modified nano-HZSM-5 Catalyst

Al Sha -« Nu La Hong'?, LIU Jia-xu', ZHAO Wen-ping', WANG Gui-ru', GUO Hong-chen""
(1. State Key Laboratory of Fine Chemicals, Dept. of Catalytic Chemistry and Engineering , Dalian University
of Technology ,Dalian 116024 , China;

2. College of Chemistry and Chemical Engineering, Xin Jiang University, Urumugi 830046, China)

Abstract; The conversion of n-butane and i-butane over HZSM-5 and Zn/HZSM-5 catalysts were evaluated with
mini-scale pulse reactor in terms of reactivity and aromatization selectivity. Results show that, i-butane has higher
conversion than n-butane at 550 “C on both HZSM-5 and Zn/HZSM-5 catalysts, however, the aromatics selectivity
of i-butane is lower than that of n-butane. Demethylation is the main path of n-butane and i-butane activation, and
which is also an important factor to affect aromatization selectivity. Zinc modificatioin remarkably increases the con-
version of i-butane and n-butane and, at the same time, promotes their demethylation activation. When the mixture
of n-butane and i-butane were used as feedstock, no difference is seen in terms of n-butane and i-butane conver-
sions compared with the pure butane feedstocks, which implies that there is no obvious competition between n-bu-
tane and i-butane during adsorption activation and subsequent reactions. Nano-ZSM-5 zeolite is beneficial to the
conversion of i-butane due to its small grain size, short channel and lower diffusion resistence.

Key words: butane aromatization, nano-HZSM-5, zinc modifycation, mini-scale pulse reactor



