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Effect of K Promoter on the Performance of Pt-Sn-K/y-Al,O; Catalyst for
n-Hexadecane Dehydrogenation
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Abstract: A Pt-Sn-K/y-Al,O; catalyst was prepared by complex impregnation under vacuum. The effect of the K promoter on the catalytic
properties of the Pt-Sn-K/y-Al,O; catalyst for the dehydrogenation of long-chain paraffins to mono-olefins was investigated using
n-hexadecane dehydrogenation as a test reaction. The catalyst was characterized by infrared spectroscopy of pyridine adsorption, CO pulse
chemisorption, temperature-programmed reduction with H,, thermogravimetric analysis, and temperature-programmed oxidation with O,.
The results show that the addition of K decreases the interaction of SnOy and Al,O3, promotes the reduction of SnOy species, and suppresses
the catalyst activity for dehydrogenation. The K promoter also neutralizes the acidity and decreases the amount of strong acidic centers of the
catalyst. Thus, the side reactions on the catalyst are inhibited, and the selectivity for monoolefins is increased. The stability of the catalyst is
slightly enhanced with the addition of K because of the increased resistance to coke formation on the catalyst. However, the synergistic effect
of active sites and acidic sites is weakened by the excess addition of the K promoter, which results in a great decrease in the activity and a
low stability of the catalyst.
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Table 1 Composition of the Cy¢° reactant

Component Fraction (%)
n-Cy 0.1
n-Cys° 0.1
n-Cy’ 98.9
n-Cy;° 0.0
n-Cyg’ 0.8
Total normal paraffin 99.9
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Fig. 1. Dependence of the dehydrogenation activity of n-hexadecane
on the reaction time over Pt-Sn-K/Al,O; catalysts with different K
contents. (1) 0; (2) 0.4%; (3) 0.8%; (4) 1.2%; (5) 1.6%.
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Table 2 Product distribution and selectivity of n-C,s* dehydrogena-
tion over Pt-Sn-K/Al,O; catalysts with different K contents

K content Product distribution (%) Selectivity for
(%) i-Paraffins Mono-olefins  Others” mono-olefins (%)
0 1.9 15.9 1.6 81.9
0.4 14 139 0.6 87.9
0.8 0.9 10.8 0.5 88.6
1.2 0.8 9.2 0.4 88.7
1.6 0.7 8.1 0.3 88.7

"Diolefins and aromatics
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Fig. 2. IR spectra of pyridine adsorbed on Pt-Sn-K/Al,O; catalysts
with different K contents. (a) 0; (b) 0.4%; (c) 0.8%; (d) 1.2%; (e)
1.6%.
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Fig. 3. Hy-TPR profiles of Pt-Sn-K/Al,O; catalysts with different K
contents. (1) 0; (2) 0.4%; (3) 0.8%; (4) 1.2%); (5) 1.6%.
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Table 3 Pt dispersion of Pt-Sn-K/Al,O; catalysts with different K
contents

K content (%) Pt dispersion (%)
0 85.2
0.4 63.8
0.8 62.4
1.2 60.7
1.6 60.0
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Fig. 4. Carbon deposition after 24 h reaction on Pt-Sn-K/Al,O; cata-
lysts with different K contents.
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Fig. 5. TPO profiles of the used Pt-Sn-K/Al,O; catalyst with differ-
ent K contents. (1) 0, (2) 0.8%, (3) 1.6%.

FT0 G JBAL (Lactive) FHFRYENE (Lacigic) - IR 1 20 24
UL A &5 T4, OV Pt-Sn/AL O, fiE 46 71 17
G315 M Nactive:Nacidic = 0.74, TS I K W75, Vactive: Lacidic
W AR, 4 K75 5l 1.6% I5F, Lacrive: lacigic M9 0.36. 3X
T KA, AN e A 751 1) SRR i 9 /b, iy HL
S B A IS PE AL b AR R A R B A AL Xu
o 12514 e ILA 42 1 750 (9 51N HE T Pt-Sn/AlLO,
PEAL TG AL b B AR R nl B Ak BT, AT 2
TRUR 5 AT ()3 1 4 e A R

3 4

K I AAE Pt-Sn/y-Al,0g 11 B e 468 i 200 1
A A0 BRI, A BRLARS 0 328 36 P KT 4 vy, i AL ) AR
PE A BT, K5I NHISS T SnOx F1 Al O [1] 1]
AHEAEF, R HE T SnO I8 &, BRI T 4 Ak 75 1) Pt
A3 HRE TR T A A 3 1 R R R A, KO N D2
TR R H R — Uy TR AR T R PR EE R
PR R A, B T e R Iy — T T AR ) R
R B FH % PEAL B R RO 5 48 49 DA RRAIG, 4w 17 1
AT R AR PTRUR B . AE S I K AR TS T
THE AR TR 1) e A7 - R P A7 T I 0 1 T, DA K 5
BAALG 77 A0 700 PR35 A TR R e M e i e e BR . xet
T Pt-Sn-K/AI,O5 4 ot J it &1 4k 71017 5, b A i
H 1 K 554 0.4%~0.8%.

2 % x &

tergent & Cosmetics), 2008, 31: 1

2 gkl sk, EIMdE, 4eE, LR, BB Y
L2 4]% (Zhang Y, Zhang G Y, Wang P W, Niu J P, Guan J
C, Gu H X. Acta Phys-Chim Sin), 2005, 21: 161

3 AR [ ae 30 K R e KE
PEHFSET (He S B. [PhD Dissertation]. Dalian: Dalian In-
stitute of Chemical Physics, Chinese Academy of Sci-
ences), 2009

4 Praserthdam P, Choungchaisukasam P, Assabumrungrat S,
Mongkhonsi T. J Chin Inst Chem Eng, 2001, 32: 143

5 Wang LS, LinLW, Zang T L, Cai H L. React Kinet Catal
Lett, 1994, 52: 107

6 Cortright R D, Dumesic J A. J Catal, 1995, 157: 576

7 Gokak D T, Basrur A G, Rajeswar D, Rao G S, Krishna-
murthy K R. React Kinet Catal Lett, 1996, 59: 315

8 Casella M L, Siri G J, Santori G F, Ferretti O A,
Ramirez-Corredores M M. Langmuir, 2000, 16: 5639



440 o W Chin. J. Catal., 2010, 31: 435-440
9 OfZE, JubhTr, Sakds, S, MREE. k2= dR (Qiu 18 Carvalho L S, Pieck C L, Rangel M C, Figoli N S, Grau J

AD, Fan Y N, Ma Y F, Wu P Ch, Chen Y. Chin J Catal), M, Reyes P, Parera J M. Appl Catal A, 2004, 269: 91

2001, 22: 343 19 Afonso J C, Aranda D A G, Schmal M, Frety R. Fuel Proc-
10 He SB, Sun C L, Bai Z W, Dai X H, Wang B. Appl Catal ess Technol, 1995, 42: 3

A, 2009, 356: 88 20 FanY N, Xu Zh Sh, Zang J L, Lin L W. Stud Surf Sci Catal,
11 Annual Book of ASTM Standards, Petroleum Products and 1991, 68: 683

Lubricants. Vol. 05.01. 1993, D1159-98 21 BRmET. BEIEIRAEFAMN A, bt B E A A
12 HeSB,SunCL, DuH zh, Dai X H, Wang B. Chem Eng J, (Chen X Q. The Production Technology and Applications

2008, 141: 284 of Alkylbenzene Sulfonate. Beijing: China Petrochemical
13 Llorca J, Homs N, Leon J, Sales J, Fierro J L G, de la Press), 1994. 267

Piscina P R. Appl Catal A, 1999, 189: 77 22 Afonso J C, Schmal M, Frety R. Fuel Process Technol,
14 Tasbihi M, Feyzi F, Amlashi M A, Abdullah A Z, Mohamed 1994, 41: 13

AR. Fuel Process Technol, 2007, 88: 883 23 IRVTE, JEERES, TR¥E. AL (Xu Zh Sh, Zang J L,
15 B2, JabhT, TR, W&, Rk, BRek. BRELE Zhang T. Chin J Catal), 1986, 7: 230

2% (Qiu AD,Fan Y N, Wang Y, Xu Y, Wu P C, Chen Y. J 24 Praserthdam P, Mongkhonsi T, Kunatippapong S, Jaikaew

Fuel Chem Technol), 2008, 36: 197 B, Lim N. In: Bartholomew C H, Fuentes G A eds. Catalyst
16 Bednarova L, Lyman C E, Rytter E, Holmen A. J Catal, Deactivation 1997. Amsterdam: Elsevier, 1997. 153

2002, 211: 335 25 Xu Zh Sh, Zhang T, Fan Y N, Lin L W. In: Li C, Xin Q eds.

17 Biloen P, Dautzenberg F M, Sachtler W M H. J Catal,
1977, 50: 77

Spillover and Migration of Surface Species on Catalysts.
Amsterdam: Elsevier, 1997. 425



