276 A2
2013 4£4 A

a0 T
JOURNAL OF MOLECULAR CATALYSIS( CHINA) Apr. 2013

Vol.27,No.2

XEHS: 1001-3555(2013)02-0131-07

% 5% 14 4L 7 B SER K S R B9 52 I

FR?, RAANT R A
(1. R e A BT T Sk & LS P AL E K T AU IR =, HO 2 730000
2. HEBbEBERSE, dbat 10049;
3. EBEABE M AR EAR SARG BT, TR JR0 215123)

AE: RMEABIN L RBUAS & T AR K,0 & & K-Cr,0,/AL 0, L], JF ] BET XPS, UV-Vis H,-TPR,
NH;,-TPD Fil TG S5 HEARXMEACRI AT 1T 3RAE, 5 THEALTRIN 5 T4 (2, 4, 4-= I ) 1l SR D Xt — |
KA REALTERE. GPREW], KU LAREAR AL A R R, T ELA Bk 115 PR 2y Cr 7ERIAR I 190 B K,0

BN 1. 5% I, HEAGTR R I S L RE Ik B f
REEIA : AL B X TR AR
FESZES: TQ519; 0643.32 SCBRARARED: A

X B (PX) 2 A il TR H 2™ 4h, F5
AT XR R (PTA) YA, Bl SRR ok iyt
MR, PX R i a B T, [ E R
b PX A 2R . HIE N PX A9 fE 4 A e
TR, HAT, PX EASRE T AT, Hlnik
B IR R HOR B T R AL SE. AR
oK, DAL AR B U5 2o v A Al S I AR AL IOk
N RIERFAAL, A% PX T2, RIS LA 2k
TR A =S T (IB) , sl 5 TH — 2%, RA
TS T (DIB) BEAFREAREC PX Y KR PX AR
Y — AR T A AR CIOET A B . R T
I EIME T PX A R A B R, AL
BT R L A S 8. A SCHRIRAE Cr A4k al
R 45 Bl 2 I AU B R0 A B U
HI T OREIR BE w4 b B A R R, R
FEALR™ L R R R R R A
AL, A SR B F i [R)ARE A7 A 1A 1Y T
AT BRI X AP REDEA T 0S5, 91 0 T e <5 s 1
W AL T FRT, RS RAE EHEY Cr i fE
FHT DIB A3 S L R SCRREL D B AT
FIFFRAE T KB 0288 Cr AL, B4 T M
P SR AL SR PR RE, IR T K XL R Y

AU

YR EEA: 2013-01-06; {£[E HHEA: 2013-03-12.
EEWE : MR A PFE I (SYG201219).
TEER T ALl (1987-), ), WHERRA, Bt

1 L E S

1.1 I &

FEALTR R 4 R BUR Bk i 45, 2Rk y-
AL O, /NBR, RifE201.5 ~1.7 mm. ZR{RF 600 C ks
Fed h g 5 G0 BR A BOR A, =I5 10 h
&, TELLAMT A T, SRS 7E 5 9k p b 600 °C
JEke 4 h, FEDLRVRE AL PRy SR B R %, il 1S
K,O (55 20 5040 5 4 0.0. 75% 1. 5% 3. 0%
4.5% () Cr,0,/ALO, fEfL 7], Hrp Cr & &K
6.8% (Lh Cr,0, BT fEit). 73 %l 45id K ACr,
ACrKO.75 (ACrK1.5 ACrK3 ACrK4. 5.

1.2 fEHFIEMR

PEARTR R S I Ak Bz 1 e T U 7 [ R A b S
NG E T, AR AN 18 mm, fi{E5]
I A 10 mL. DL Tk DIB Sk}, 4iifE>99% ,
Hep2, 4, 4-=HE- 10N 77.3% , 2, 4, 4-=H
F-2- N 22.0% . VS FEJ10.1 MPa,
S 500 C, N, MR, DIB/N, =1(FE/KIL), J7
Flas s LHSV S 2 b i fEAb 7156 LA 50% H,/
N, IRESF 500 CifJ5i 0.5 h, FEA N, 1%390.5 h.
AR/ E2 S U R 2 1 = s o =S KW Dk /3 |
A=, SARE R R C,-C, MR, DATEZR
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M) . VBB B HIBAH P BER% 5 min BL—IKAE,
JELIYEAT SE-54 F¥BAMERE(0. 25530 m) FID ol
A A E BT . & FEH LA GC-
MS E M54 (Agilent 6890N).
1.3 fELFSRAE

PEARTR A b 2R AR AN AL AR 23 A1 7E 55 [E] Microme-
ritics 24 F) Tristar [[_FJU3K, FTAL#A R 300 C
3 h. H,-TPR A BB 85 mg, N, UK
T 200 Cok493 h Ji5, @A H, ¥E R 5%/ H,/N,
R UL, AW HEN 40 mL/min, FHE# R 10
C/min, R 100 ~700 °C. NH;-TPD JUix : f#
£ 100 mg, N, 4T 200 CLREF 3 h 5% 100
C, WM M, 723 H K 50 mL/min ) N, X
P A 10 °C/min THE BT 2 500 °C. XPS iR 1E
91 [ Thermo Fisher Scientific 2\ 7] ESCALAB 210 7
JHL FREIEAY B AT, B K 0.1 eV, DL Cls
(284.6 eV) g 5E i bp AL IE. P I 72 MET-
TLER /A7 TGA/DSC-1 [#4T, B 12 ~ 15 mg {4k
F, 2303 50 mL/min, L1 10 °C/min [ 35
HTHE] 800 C. & HIH FL 3 BRI 4 1) Lambda 650S
A0 WOGIEAX (Perkin Elmer 23w ) #4728 4b-7]
NS B sl
2 BR5WH]
2.1 Lk REMFLEE ST

MR IFRIEGRATLUE N, fERE K Z )5,
AR LR T LR FALA BT A TR, WTRERE R
IRy KRG P BAR LN BE . T H 2 KB 8 E
I (0.75% ~1.5% ), FH-EA B E UL Y
Py HEEAE.

%1 K-Cr,0,/AL 0, EAFIMLLRER ALEMATER

Table 1 Specific surface area, pore size and pore volume results

of K-Cr,0,/Al,0; catalysts

K,0/%  Sp/(m* < g™)  V/(em® - g™) d/nm
0 144.4 0.44 9.4
0.75 136.0 0.38 9.4
1.5 137.7 0.38 9.3
3.0 126.2 0.36 9.3
4.5 126.4 0.36 8.9

2.2 I EAFINRESE

XA K, 0 &Y K-Cr,0,/AL 0, AL 1T
T XPS RAE, W 1(A). @E 1(A) A, AFH
K,0 4 B AL 1 C2p W I f7 25 5, 1
Cr2p,, WEERAL & P AN, A3 I F B, =577 Fi1 579
eV BT, XM IE5r 5100 8 T Cr F G Ol Cr
FEAEAET 2 IR R N SR, BB T 3
TRl 2o N A NI G I U T N3
AL O, SR IR, Cr ZEfEAL
FIAZTE LA Cr™ i Cr® BT SAFAE , 18 15 20 WL 5
AL B Cr A E B o, I HLS 2R AR A 1
B L BER Cr ST I R U
Cr pfbiarm R4, Cr )Y ELp) ETF, B 271k )
FETE ALK B A A, DAPRLA | A A A it AR 17 R
BAAED T WA PR, IABIH K G, G ARx
Cr" iy H A BT 42 5. AR ¥ Cavani 1 Rombi [ 4§
K B ACLL K, Cr0, #i1 K, Cr,0, BT
BT Cr" BTEAE, Cr® 5380k 2 A 77 7 5 58 1 4
YEFE, (145 Cr PyFP e fH Ak 70 2 i 43 B0 54T
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Fig. 1 XPS spectra of K-Cr,0,/Al, O, catalysts with different K,O contents, (A) before reduction, (B) after reduction
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AT L(A) H C2py, W, T G 1 G Y
Fepl, MRIAE RS TR 2. HiE K aEdE g n,
G 5 O f H il B 2 s, i HLER T Cr 5 AL
%ﬂnﬂ/ﬂtt’fﬂ n(Cr)/n(Al) lﬁjﬂiﬂ%, FH K BIMAE

AT Cr FERARLR A L. WK 2 B IEH, E,
(Ce2ps, ) (EREH K G280 1938 I 1a] 5 45 5 BE07
%, XU K 358 1 Cr 55 AL O; 2R 2 [A] 9 H 5.
TEH.

&2 AE K,0 81 K-Cr,0,/AL 0, fE{LFIH) XPS £5R
Table 2 XPS results of K-Cr,0,/Al, 0, catalysts with different K, O contents

Catalysts o Eb(Gr2py, ) eV o '/ Crt e/
ACr 576.2 578.9 0.28 4.3%

ACrK1.5 576.7 579.5 0.50 6.1%

ACrK4.5 577.5 579.9 0.56 6.5%
2.3 T [RELF B R IS 278 366

FA T S AL R [ K-Cr, 0,/ AL O, ik 75 \/v e

6 5 730 AL B 00 P4 4 Cr LM \/\/ %
IR ION AL B IB)RR K0 i 2 N T NN Y
) K-Cr, 0,/ AL O, LA S 19 XPS 3. AL \f\/\\ -
RIS, HFIE C2p,, WIBABL, WA W& 1 E \,\/\\m
W, P RETEREID. UL T Cr 4140 1E 2 \\m
HOfL2E R S A BRIRS R T Ak, O MR S~ | ]
Bk G R, SR RE AL RN LG, i 8 e o
25 Cr 5 AL YyFh i Lb 4] e/ A FAAAS il 200 300 400 500 600 700 800

AT Fad ik s, RS PR 7 Cr A9 20 e
JETFBEA L.
2.4 ZEHM-TTILIE R HIERIELE R

Kl 2 AN[F] K, 0 & f K-Cr, 0,/AL O, fEALFIAY
UV-Vis DRS . g, K-Cr,0,/A1,0, {467
£ 278 1366 nm ALA7 SR, X 2R IE Cr' Y
O™ Z Iy TR RS Uy > 7. B K S iy
S, PSS S A T s, 2 WA AL R 2
Cr I HL I K &I mig ok, 5 XPS [k
MEZ R 5. AEALFAIAE 463 nm F1 600 nm &b A7 1
Wt , 7E 600 nm AR R ISCHE I F AN 2., X AN
HE T ' ) d-d B FBRE
2.5 H,-TPR F1{E

Kl 3 AR K, 0 B K-Cr, 0,/AL Oy AL 1Y
TPR #h2k. A& Kif, fEHITE 352 CHH—4ik
JEWE (a i) , O 5 BARG A B 1 O A TN
Criffy H, HAEUES, SCHR[4, 17] R W, #ikh
AL O, 1y Cr AL I, mifh Cr HABRA Ll Cr'.
SR, 5 KA Cr AT 78 5 il A2 1 BLAR — Ak
J5ildg (b ), JF B KA I, a b id Jt i 15

Wavelength/nm
Kl 2 AJH] K, 0 51 K-Cr, 05/AL O fEALFI 1Y
UV-Vis DRS i
Fig.2 UV-Vis DRS spectra of K-Cr,0;/Al,0; catalysts

with different K, O contents
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with different K, O contents
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6] R B R 2l ik Fe WAL B SRR B K A3 A
MREAT. X T K15 Cr B4 TR, TR T Hr
[ Ff, Cavani''® 2530 K 9N A £:9E i K, Cr0,
1 K, Cr, 0, TE M. A0 S5 ) WA 7T i
el T K, CrO, i1 K, Cr, 0, L T HA P Al G
TER IR A S (600 ~700 C) . (HAFTEERE,
5 a HUREE K A3 [ F ik X R 5, X Ui
K LR T HiAl C* b ol 5. 5340, fmA K
JG, AR B R H, W REREA BT, B K B
AR T Cr* f L f.
2.6 NH,-TPD £{E

L K BT Cr Ak 30 2 T vk 1 S i
PEFT T AR NH, B, 18 4 AT K,0 &
i K-Cr,0,/AL O, AL i NH,-TPD 3% [&]. 41 [ fip
7, A BRI NH, BTG, 43 17E 185 °C AN
280 CHHE, )8 TG M P s B fr. K BA,
LA K 53000, 5552 10 B VA8 32 1 S A1, i
TR K X5 R 0 i P A

ACr

NN
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Fig. 4 NH;-TPD profiles of K-Cr,0,/Al, O; catalysts

with different K,O contents

2.7 I B S IR R R A

DIB 1 K-Cr, 0,/ AL O, AL 1 9 i A FF b 2
R4 B AR R 4. Foh S
EF R TR 5 TR A2
(C, ~Cy F) Mgl 4URANZE 3 s, sty
B, K RO RO i T 0RO b
RS AT PX R Cy ke, BAJ MR C, R A
PR ER VAR 00 C, JEJ7 0.1 MPa, JFURHR
I 2 h &R, 5 THE K-Cr0,/ALO,

HEALHR) LB S A R AN IEL 5 frzs, Horh Al
WA= PX YRR (18] 5a) , PX AR (K
5b), JERHEE LR (T8 Sc) KL Sd A g A
o, AR K ) Cr05/AL 05 {46 55 A H
K,O Figliad 1. 5% B AR E v T R, PX k%
P iR K DIB Fefb A7 K, 0 &t 1. 5% ik 31 it
K, TBAR =4 SR AE K, 0 58 0.75% ~1.5%
B AT AT AR P A M T e AR Bk I
T, 25 TIRERAME R, N R ERAELS
Wl LA, R K AIARTE 2855 AR Rk
i, HAESR & Cr B0 HOPE R, 7R n] LIS 245 4 5
Cr SEARMFEAET, T T 1 0 A S
Ik, XtF6.8% Cr,0,/AL 05 (LT, EHEA K,0
AN 1.5% .

®3 AEK,0 SEEAFIREABSESNSH
Table 3 Gas-product distribution over catalysts with
different K, O contents

Yield/%
K,0/%

C, C, C, C,
0 0.5 1.7 1.3 56.1
0.75 0.6 1.3 1.5 40.1
1.5 0.2 1.3 1.1 37.3
3.0 0.4 1.6 1.5 34.4
4.5 0.4 1.1 1.2 32.6

Reaction conditions; 0.1 MPa, 500 °C, DIB/N,=1 : 1,
LHSV=2 h™" , reaction time; 20 min

Cr,0,/AL 0, F1% 1.5% K,O K K-Cr,0,/AL 0,
TR TR SIS SR S ] A2 A DL
6. &6 FIA, FEWA b PX A HEFRE (
6a), PX IR (181 6b) , JEURHYFE AL (] 6¢) L
LR (K 6d) |, & 1.5% K,0 § K-Cr,0,/
Al O, L3y Cr,0,/Al1,0;4 ARKFEEMSES. MH K
AR A =4y b PXC ) 6 4 BB IS [8] A 28 1
Pk A T, dial Cr AR B R R
FEAEE. [V 45 min J5, 5ROV 1S min R
FHLE, K-Cr,05/ALO; HEALG] 1 PX 9 i & T B
6% , Tii Cr,05/ALO; HEALTR b PX AR T
9% . W] K BI5IALESG N T AL B S ER L B %
PER RN B i 1 HEAL R RO RS 2 V. BB BN Y
7, MG RPERE TR, W RES th T ROl # rhIE
JR AR B i T AT AT 1 PO
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Fig. 5 Results of diisobutylene dehydrocyclization on K-Cr,0,/Al, O, catalysts with different K,O contents
Reaction conditions; 0.1 MPa, 500 C, DIB/N,=1: 1, LHSV=2 h™', reaction time; 20 min

65 30

[=a)
=]
T

25

wm
>
T

15

PX selectivity/ %

w

w
PX yield/ %

[ ]

=l
// .

15 e io e
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
100 50
90 | ¢ 45 d
= N
g80r 2
z S35t
z2 70 <
: T a0t
g 60 | =z
a 25 +
- e 30 e
10 15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50

t /min t /min
6 Cr,0,/ALO, FI% 1.5% K,0 f{§ K-Cr,0,/AL 0, [ — 5 T4l SRk 52 i 45 5
Fig. 6 Results of diisobutylene dehydrocyclization on Cr,0,/Al,0; and K-Cr,0,/Al,0; with 1.5% K, 0 loading
Reaction conditions: 0.1 MPa, 500 °C, DIB/N,=1: 1, LHSV=2 h”'
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XPRNE 1 h 5 i AL R #E4T TGA/DSC i,
A K, O &b I B i3k 4 iR, A%
it KB Cr LRI ARkl 4. 1% (5050
K,O it hy 1. 5% i), Bk N IR 3.0% , i
K,O0 Wy g L A2 3% 4. 5% )5, fE1EF B R
WA BT 5] 4. 9% F1 5. 4% . WA/ K By
ARG AL 70 1 R, K 1 2k & KT 3% )5,
AN I 40 ) e A 70 B

%4 FEK,0 £21 K-Cr,0,/AL0, &350
Table. 4 Carbon deposition of K-Cr,0,/Al, 0, catalysts
with different K,O contents

K,O content/% Coke/%
0 4.1
0.75 4.0
1.5 3.0
3.0 4.9
4.5 5.4

DSC 4nfel 7, KE# K BAIA, TR 4 107 B
REAAAL, HRAET 365 CRIT, BlbK I 2 LAJCRE
TRy 21T, T T 2 T B A O
Wit S5 7 s ) T~ o P B A

/ ACrK4.5
z ACrK3
=
z ACrKL.5
3
=
ACrK0.75
365
ACr
1 1 1 1 1
100 200 300 400 500 600 700
Temperature/°’C

7 I K, 0 4 BE K-Cr,0,/AL, 0, A1) DSC i
Fig. 7 DSC profiles of K-Cr,0,/AlL, 05 catalysts

with different K,O contents
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Diisobutylene Dehydrocyclization over Chromium
Catalysts Modified by K

LI Pin-hong'*, ZHU Gang-li""*, SONG Huan-ling" *, XIA Chun-gu'
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation , Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 73000, China;
2. Unuversity of Chinese Academy of Sciences, Beijing 10049, China;
3. Suzhou Institute of Nano-Tech and Nano-Bionics, Chinese Academy of Sciences, Suzhou 215123 | China)

Abstract; A series of K-Cr,0,/Al,0, catalysts with different K,O contents for dehydrocyclization of diisobutylene
(2, 4, 4-Trimethyl-pentene) were prepared by two-step incipient wetness impregnation. The samples were charac-
terized by BET, XPS, UV-Vis, H,-TPR, NH,-TPD and TG methods. The dehydrocyclization reaction in the pres-
ence of K-Cr,0,/Al,0; catalysts was studied. The results showed that the addition of K can reduce the acidity of
the alumina support, and promote the dispersion of Cr on surface of catalysts. The optimal results could be obtained
when 1.5% K,O was loaded.

Key words: chromium oxide; potassium; para-xylene; dehydrocyclization



