F25E 1M
2011 4£2 A

G

JOURNAL OF MOLECULAR CATALYSIS( CHINA)

i fb Vol. 25, No. 1

Feb. 2011

XEHS: 1001-3555(2011)01-0069-09

THELEBERN D C—H #EE R & KL= T % 6 &5

27 271

RER 4
(1. KT A

g, Fet,
fo T2 TALAIER RAML TR TR S0E, LT K 116012;

MNAAR, FA, R

2. INARFFREAC TR A BRA T, AR {1 255400)

B /NI E R e L R e T B (NH -TPD ) Rtk I 082 B 21 20336 (Py-IR) 5 1 ik i Bk DU
WA T AEREAK ZSM-5 W41 AL L AL BN, 25 RRH, T AL A B L P PR e 1 32 22
AR AL AN 2. X8 C—H SR S AR e e 7 R s 1, JF S EUEAGR R . RIRA A T 2R
LHS TR SRR L) , i A A T A BN 2R IR O, (HEEE R R TE S IR PO b REVEAT.
DAL, 300 e e AR P 790 P T R 8R T LAAT 5 o) C—H BRI SR, B = I PR S BB, BN e 4 Lok
SHEE RIS E 450 CULEMSIE T, 7Y A T LI A RONE, AR T 1) 5 T 0 ) S A 4 S

BESECT TR AT
-
RES%ES: 0643.32 XEAFRIRAEG: A
ARk, TE IR AEAS I SR A T 3 YA AR Ak £
b K B PR A SR A YD SR AR 2B T A H
WITEST , T AE A 430 TR L A Ak 24 fie il
NIIREZ 2 T AP R F R 245k
1E, EAME S T Propylur''’ (OCP™' Omega®' 2547
P SREAR M Tl i . ENd A —LER8
TFSCHk KT Wl 47 3 1 0 45 A 2 TR g i
FHVURUR N A R R A TR, Bk
WIFSE A b B g SOt SR R m i T -1
TR (R T &8 =70% ). SCik
W], ZSM-5 W A0 1) SRR K 0 T T 0 0 A Ak 2R fi
N AR A ] XA ZSM-5 A BT K
Pabr, KRB AR AR AR
T 4 J@ A B - AT M B R AR AL SR P RR B,
Tl S R R AR Ak R 52, AT 42 157 TR M S 1k
SR PR A8 1R 1) 2 TR B R0 ek 4 il A ) S N T
71, VA RAE RGBS A By Tl bk El s, ik
RN REE R B Y. (B0, HarscEk e
)T s e A A o R s 1) S B 25 SR T R AR R
2160% ~80% , i N M Fll £ 95 1 S e B AN i 1
50% ~70% 1% BT SCHR X T 4 Ak Ak 2407 S
AT 2E A TR TSR, (EL T T A 2R A s A

Wi HHE: 2010-11-08; f&[E HHA: 2010-11-29.
YEB R R A, 1985 4R, WL ST 4.
+ JATHEE R N, Tel: 0411-84986120; E-mail; hongchenguo@ 163. com.

R AR s C—H B ; MRS BRI s T s 400K ZSM-S Ay

Fors 2%, AR SCHRN B 2 1 fif A 7 5 A
IF], DL IR PR Gh SR 2 e R Rl 7 s
AL TRITR B B 26 1 1A D0 A R L 37 i £ AR K
o, BRI R R 5356, B FCCE L
EAWHE T A= il FREST T Mk DY
R BRI T Mt — B 40%
~50%. [Hit, HIT ML RR SR B Tk S
B U JORH AR R el ELARATF I
HMTRGEHE T Thi s R ARm ) B
WAL TAESEL K HZSM-5 A1 AL ) b i 2 S
PITE U0, R EEE T AR Bl BE R FIAS Rl Ak 511
BRI N L=y o0 A, FERCEERE B T S48 H
SR BN A B A 2 - i DR 3R S L 45 2R 1 52 T
kIt SRR MR SR T RE

1 L E S

1.1 L FIH &

K NaZSM-5 b 5 (n(Si0, ) /n( Al,0,) K
25 ~30, ARRLHEEN 20 ~ 50 nm) i ORGE B TR 42
ik, A (SEM) g Gl 8% (TEM) 18 - WL 3L
BRL 14 . b1 ok R Rk B BRASEAR I, 15—
o 55 400 40 AR I IR TR & R 55 A0 8, & T



70 7 A (1

25 %

P RS BE R HS TS IR e Vs VS T A 4 il i A A AL
FI(HZSM-5) . £ HZSM-5 {670 Sk 1 >R A K 78
BT IR w4l & T4 145 B-1 ~ B-5
251 (B BREVEALF]) F L-1 ~ L6 251 (L fR A4k
F) AEA T R RIS
1.2 EALFIBR BRI

TR SR TR BT (NH,-TPD ) e 8 B Xof 254
FEFN RS FE A AR AT I . R ERAE P Toh
0. 14 g L F Bk (Rif% 0.90 ~0.05 mm) 3T U
BRI 5, ££600 C AW L.0 h, )5k
2 150 CHEH NH, RUF. FFHH G5 L TR
J5, 7620 mL/min (S G T LA 15 C/min 13
FIHR 2 600 CHATRIFFHEB A, 0% A Rl
I R E 5

£ Nicolet iS10 HI e B {21 4N (FT-IR) |
FHMEE W SRR X 25 AL R 1) B R AT L R 4y A ik
TTiE. ELRAELTRN AT e i 10 mg
A3 R, FFEHAERGE T 400 CFAH6.0 h, [
F S W E A, SRS RET TR 150 C
JL R P B B (R L RE , F AR A A A R, B
TSI G E 1 540 em™ (X0 T B BRER &) AN
1450 em™ (X0 T L AR AR 5 ) Ab it e 5 o i iy e 1
I, FH I Ay T AR L R A ) B/LAH.
1.3 EALF R B HERETEM

SN RIFFEAE /INRL T 7 R B g 2 AT, RO
PAEH 10 mm, HEALF R REEH RN 3 o FIREA
5305 RIHEAL AL 28 B 0% Bk ) itk DU R A6 0 TR,
AT &R S3% , i THs-1(C,7-1) #16.3% ,
Wi -T#-2 (C,~-2) M 33.8%, T Hi(i-C,”)h
3.0%, ThitiEha5% (571 435.0%, 1ET %
10.1% ), F4x 1.8% JyHEJe Cs " sy, iz skl
BALPI AR ALY & 543 51 29. 14 mg/m* Fil 446. 65
mg/m’ . [N F AP AE RN 4 H T 500 C R A
AIRI 0.5 h. ] N =P 4IRS B A 0T TR
HH, WA PR GC-14C B M 435X (OV-1
B4 S0 m x 0.2 mm, FID #012%) 4047, SAH
PR K 25 GC-T890F <A 8,15 ( PLOT AL, O,
EMEHSOm x 0.53 mm x 20 pm) 534, o T
AR AR AR D, ORISR B0 SO P 2
Rk, B R R R A & e R
FIEPEE.

FEIEMARIRANT

TR

C,H; mass in feed — C,Hg mass in product

X(GT) = C,H; mass in feed

x 100%

PN R PENE -

S(C7) = C;Hg mass in product — C;Hg mass in feed
; C,H; mass in feed — C,Hg mass in product

x 100%

i

Y(Csz) :X(C4=) XS(C3=>
2 RS

2.1 BB R M A0

B, L4 AR5 58T SO i R X i ) ik
VU A S AL R 53 A s e A rba] DU
PR T 975 10 24 ) D9 0 N (R G- TR T
C—C IV ) T A 1) U 8 AR S S 1y (A
SRR IE  JR T C—H 5N ) Sl 249 TN s i 28 1k 1)
FERIRN. F5—Jr i, fERERM AT TS
PR ZIE], PR T s =22 1] A - U R 2 T
AL RN E N EK.

HIe 1 AT, 2R R R ] 270 C v, C—C
SR ROV IR R A, AR (C5 ™) A AL DL B
=1 (Cs ™ liquid) . X T RN 5, R i
FE BRI A B C—C ) FZi (Wi C—C
S BABIR. ME SR TR, X e C—C
R AR, P T M AR S 4 v, A A
VAR 1y (A R I . 24 J 1 i FE 3k 31 300 °C
B, A= A USCRA B e KA (31, 0% ) . X it B
MRV EE <300 CHE, T 955G Y10 2L RO e
PR SN P 38 g i 25 TR 24 S g i B > 300 °C
T SR 0 I 2ot o 7 B AR e, DR B
VR BE AR TR VR R P R AN T R, TS
B A= AW . 40, % 400 C TN
95 R BRI RIS h 19.7% 1 15.8% , £ 510
CF 551K 37.0% F127.7%.

SR, BIEAE 510 °C Y sl T P 1 kAT
HEARTF 50% , A NAWE. mE 1 Aar L, 78510 °C
P18 v T T Mk P ke D YAk S A AR A 2 A 7 Hh AL ™
#i, ARG C SR Bk, SRR EELk LR
150 SV Tk B SR TP s BE R, B T I B ™
(AR SR G (). P 1 RO, 50 PR A 1B 2 11
FEA YRS BRI, EATER AR
7 RIS A0Sy A ). X8 C—H SR I N RETEAR



ARG TR AR S H 9 C—H B R SN I 27 15 1) i 71

®1 REREXMBERNRESE L4 EAUF ELRBRZE

Table 1 Effect of reaction temperature on the catalytic cracking of post-MTBE C, LPG over L4 catalyst

Temp. C Feed 250 270 290 300 350 400 450 510
Product distribution(wt. % ) :
c’ - - - - - 0.0 0.1 0.3 0.6
c,’ - - - - - 0.0 0.0 0.1 0.4
G- - - - 0.0 0.1 0.7 1.6 2.6 4.4
c,’ 0.7 0.6 0.7 0.7 0.8 1.7 2.7 3.1 3.0
G- 0.6 0.5 0.8 3.7 3.9 5.2 9.0 12.7 15.3
n-C,° 10. 1 10.5 10.4 10.9 11.4 12.2 12.5 12.2 11.8
i-C,° 35.0 37.5 38.2 39.2 40.9 42.9 44.3 41.2 35.4
i-C,~ 3.0 3.2 3.0 3.2 4.6 4.7 4.9 5.1 5.9
C,~-1,2 50. 1 47.0 46.0 28.5 7.5 5.0 5.5 6.3 7.5
C, " liquid 0.6 0.6 1.0 13.8 31.0 27.6 19.4 16.5 15.7
Reaction performance:
X(C,7) - 5.3 7.7 40.2 77.2 81.7 80.3 78.5 74.8
S(C7) - - - - 8.0 10.7 19.7 29.1 37.0
Y(C, ) - - - - 6.2 8.7 15.8 22.9 27.7
Paraffin and Aromatics in Cs * liquid
Paraffin - - - - 7.5 7.9 2.4 0.4 0.1
Aromatics - - - - 2.7 6.25 12.2 13.8 14.0
Molar ratio of alkanes and aromatics ;
n(P)/n(A) - - - - 8.3 5.2 2.6 2.0 1.1

Reaction conditions; p =60 kPa; WHSV =3.85 h™'; TOS =48 h.
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Fig. 1 Effect of reaction temperature on the stability of
butene transformation
(Reaction conditions see Table 1)
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Table 2 Distribution of short-chain olefins under different reaction temperatures

Temp. °C (o (o C,” "
300 C 0.4 18.3 57.0 24.3
350 C 3.8 29.3 54.5 12.3
400 °C 7.6 41.5 48.2 2.7
450 °C 10.8 46.8 41.9 0.5
510 °C 13.3 46.1 40.4 0.2

Reaction conditions see Table 1
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Fig. 2 Reaction pathway of propylene disproportionation to isobutene and ethylene
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Table 3 Butene isomer distribution in product under different reaction temperatures

Temp. °C -C, ~ n-C, ~ t-C, ~ c-C, ~
400 C 47.6 12.7 23.8 15.8
430 C 47.1 13.4 23.4 16.1
450 °C 44.7 14.9 23.7 16.8
480 C 44.3 15.0 23.8 16.9
510 C 44.2 16.2 23.0 16.6
Thermodynamic calculation'®’ .
450 C = 43.1 14.3 25.0 17.6
480 C = 41.8 15.3 25.1 17.9

Reaction conditions see Table 1.
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Table 4 Py-IR data of nano-ZSM-5 zeolitic catalysts prepared with different processes

B-acid catalysts

L-acid catalysts

Sample
B-1 B-3

B-5 L2 L4 L6

B/L 2.8 2.7

2.5 0.5 0.7 0.9
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Fig. 3 NH;-TPD profiles of the B-acid type and L-acid type nano-HZSM-5 zeolitic catalysts
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Table 5 Product distribution of post-MTBE C,LPG over B-acid type ZSM-5 zeolitic catalysts

Catalyst Feed B-1 B-2 B-3 B4 B-5

Product distribution :

c’-q¢’ - 0.5 0.2 0.1 0.0 0.0
C,- - 3.0 4.0 2.7 2.0 1.9
c,’ 0.7 11.0 5.4 2.2 1.7 1.6
C, " 0.6 7.2 11.8 16.4 16.9 17.3
n-C,° 10.1 12.8 12.1 11.7 11.6 11.9
i-c,° 35.0 40.9 41.8 41.1 39.6 39.7
i-C, " 3.0 2.4 4.0 6.3 7.0 7.3
Cc,~-1,2 50. 1 2.7 4.7 7.6 9.0 9.5
C, " liquid 0.6 19.4 16.2 12.0 10.1 10.7

Reaction performance :
X(C,7) - 90. 4 83.7 73.8 69.8 68.2
S(C;7) - 13.9 25.2 40.4 43.9 46.1
Paraffin and Aromatics in C; * liquid;
Paraffin - 1.2 2.0 2.1 2.1 1.9
Aromatics - 15.0 9.5 5.1 3.2 4.3
Molar ratio of alkanes and aromatic

n(P)/n(A) - 2.5 3.1 6.3 10.4 8.6

Reaction conditions: ¢ = 450 C; p = 60 kPa; WHSV = 3.5 h'; TOS = 48 h.
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Table 6 Product distribution of post-MTBE C,LPG over L-acid type ZSM-5 zeolitic catalysts

Catalyst Feed L-1 L2 L-3 L4 L-5 L-6

Product distribution:

c’-c’ - 0.6 0.4 0.3 0.2 0.1 0.0
G- - 2.4 3.2 3.0 2.5 0.8 0.2
G’ 0.7 12.8 2.7 2.7 2.0 1.2 0.9
C - 0.6 5.5 12.8 13.8 15.8 13.7 7.4
n-C,° 10. 1 14.1 12.0 11.9 11.2 11.1 11.0
i-C,° 35.0 2.1 41.0 40.8 40.0 39.7 38.9
i-C,~ 3.0 1.7 4.6 5.2 6.6 7.0 6.0

C,~-1,2 50.1 2.2 5.4 6.1 8.0 14.1 28.9

C, " liquid 0.6 18.8 18.0 16.2 13.7 12.4 6.7

Reaction performance:
X(C,7) - 92.7 81.2 78.7 72.4 60.3 34.4
S(Cy7) - 9.9 28.2 31.7 39.5 41.0 9.9
Paraffin and Aromatics in C; * liquid:
Paraffin - 0.7 0.6 0.6 0.7 1.0 0.9
Aromatics - 14.8 13.4 13.2 10.0 8.0 4.1

Reaction conditions; ¢ = 450 C; p = 60 kPa; WHSV = 3.5 h'; TOS = 48 h.
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Fig. 4 Possible reaction network of butenes catalytic cracking over nano-sized ZSM-5 zeolite
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Catalytic Cracking of Butenes: on the C—H Bond related
side-reactions and Chemical Equilibrium

LIANG Cui-cui', XU Rui-fang', CHANG Xu-sheng' >, LIU Guo-dong', LIU Jia-xu', GUO Hong-chen"*
(1. State Key Laboratory of Fine Chemicals, Dept. of Catalytic Chemistry and Engineering ,
Dalian University of Technology, Dalian 116012, China;

2. Shandong Qilong Chemical Co. Lid, Zibo, 255400, China)

Abstract: The cracking of butenes in post-MTBE C,LPG over modified nano-sized HZSM-5 zeolite catalyst was in-
vestigated with small fixed-bed reactor, ammonia temperature-programmed desorption ( NH,-TPD) and pyridine-ad-
sorption infrared spectroscopy ( Py-IR). Results show that, the propylene selectivity of the butenes catalytic crack-
ing is mainly limited by hydrogen-transfer and dehydrogenation reactions. These C—H bond related side-reactions
produce by-products such as alkanes and aromatics, and are responsible for the coking of the catalyst. The decrease
of the reaction temperature favors hydrogen-transfer ( especially the hydrogen-transfer of isobutene ) , while the in-
crease of the reaction temperature favors dehydrogenation. On the other hand, dehydrogenation needs strong acid
sites, whereas hydrogen-transfer can occur with weak acid sites. As a result, the weakening of catalyst acidity can
suppress the C—H bond related side-reactions, and even completely stop dehydrogenation when all the strong acid
sites disappear, but it is impossible to avoid hydrogen-transfer under the conditions of butene catalytic cracking.
When the catalytic cracking was carried out at 450 °C and above, the decrease of butene conversion occurs because
of the disproportionation of propylene to butene and ethylene, and the isomerization of normal butenes to isobutene.
Key words: catalytic cracking; C—H bond related side-reactions; post-MTBE C,LPG; butenes; nano-sized
ZSM-5 zeolite



