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Fig.1 Schematic diagram of catalyst preparation process
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Table 1 n-Dodecane dehydrogenation performance of different catalysts

Catalyst Time /h Conversion /% Selectivity/ D /%
a-olefin mono-olefin olefin
2 26.8 422 79.0 92.7
Sn/Pt-SI 4 26.0 42.4 79.0 92.8 53
6 253 42.5 79.7 933
2 23.7 42.1 79.0 92.7
PtSn-EI 4 22.7 423 78.8 92.7 8.1
6 21.8 42.0 79.0 92.9
2 29.1 414 77.3 91.5
PtSn-HI 4 28.6 41.8 78.0 91.9 6.2
6 27.3 434 81.0 93.0
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Fig.2 UV-Vis spectra of different catalysts (a) precursor solution and (b) pre-calcination catalysts (w: water; e: ethanol)
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Fig.3 (a) Pore size distribution diagram and (b) XRD pattern of different catalysts
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Table 2 N, adsorption and desorption characterization data of

different catalysts
Catalyst Sper/(m™g ) Voo (cm™g ") Apore/nm
Al,O; 133 0.729 21.9
Sn/Pt-S1 128 0.697 21.8
PtSn-EI 126 0.677 21.6
PtSn-HI 116 0.673 23.2
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Fig.4 TEM images and mapping images of different catalysts after reduction (1. Sn/Pt-SI; 2. PtSn-EI; 3. PtSn-HI; a. TEM images; b. Pt+

Sn mapping images, yellow: Pt, green: Sn; c. Al mapping images; Insertion diagram in (1a): Sn/Pt-SI high-resolution TEM image)

M0, b 137 AU TR AR AN 26 3 B /5. M mT 0583 R P 7
S LGB RIE E S RN 2 B A [R] A 5

SKHT CO Jik i miz B it ke e AE A AL R 19 Pt 43
MORREE. Gnk 3 PR, Pt Y43 H0EE T 4 PtSn-HI >
PtSn-EI > Sn/Pt-SI. 33X — il J3° 15 55 i 14 & 4 i 37—
0, Hhl& 6 AR HA RAFIIZMEE R (R°=0.994),
2 WA (A9 268 A %) 553 A P 67 o O 388 T D P Y
AT AT e S AT PR IR AY PtSn LS
WA O AR — P 5 iR I A 7E 42— 8, #
HIBR T 32 3 Pt 430 REMAb, 16 PR 52 B H A P 2
FA ).

2.2.5 H,-TPR

RHESRRPTHRE RS T 3 B 1) i
bR, WA 7 s, 3 R AR R SR AR B 5
EAFAE 225, R SR e AT 1 00 U (i A
270~280 °C Wik JR WA R 2 5 4 A B A B 55 A0 B
YEFIRG PSR, T7E 350~370 °C A4 142 Pt Al
Sn 4 J& S AL W) Y LA i, 420~440 °C 16X R Y
Je Sn*/Sn” I G EAR T M T AE I Sn®'/Sn” AL,
570~600 C fY U4 Xof 7 Y 2 5 244 5 A AR Y
Sn*"/Sn’” BYIRJL. AN 4 SPULE R BR, HUEE T 1)



52 1

TS HIRTTIET P-Sn-K-Mg/y-ALO; HALTI IE -+ e i S M B A 52 i) 135

(a) ALO,

Intensity

100 200 300 400 500 600
Temperature/°C

(¢) PtSn-EI

Intensity

100 200 300 400 500 600

Temperature/°C

(b) Sn/Pt-ST

Intensity

100 200 300 400 500 600
Temperature/°C

(d) PtSn-HI

Intensity

100 200 300 400 500 600
Temperature/°C

5 ORI NH,-TPD 4-ig bl &
Fig.5 Peak fitting diagram of NH;-TPD for different catalysts
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Table 3 NH,-TPD peak fitting results and Pt dispersion measured by CO pulse adsorption for different catalysts (Temperatures from

low to high correspond to peaks I, I, and 1)

Total adsorbed

Peak fraction/%

Catalyst . Pt dispersion/%
NHy/(umol-g ) I I 1
ALO; 155.3 317 543 14 -
Sn/Pt-SI 128.7 40.9 59.1 - 38.8
PtSn-EI 136.2 43.2 44.9 11.9 43.3
PtSn-HI 195.8 48.9 38.5 12.6 59.9
65

60
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Fig.6 Relationship between weak acid percentage and

Pt dispersion
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Fig.7 H,-TPR peak diagram of different catalysts
% 4 FREELH H-TPR HENSER
Table 4 H,-TPR peak fitting results for different catalysts
I I I v
Catalyst
Temp/C Area/% Temp/C Area/% Temp/C Area/% Temp/C Area/%

Sn/Pt-SI 272 50 361 2 424 31 594 16
PtSn-EI 270 53 351 11 431 22 594 14
PtSn-HI 280 54 366 6 439 24 572 16

&l 8 fi 7, Sn 4ds, AT LL43K Sn*'. Sn® Fl Sn’3 4
MU B ) Sn’/(Snt+Sn” ") U A PtSn-
EI(0.053 7) > PtSn-HI(0.052 0) > Sn/Pt-SI(0.034 5).
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Pt L& B AAATE, B HA Z 2 Pt YN Sn A4
REIR I o Z AN, PR A SRR [19] FTUL, 4 J@ 35 Sn Y
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X —25 5 H,-TPR 43 Hi 19 PtSn +H B 11 FH 58 55 I
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Fig.8 Sn 44, XPS images of different catalysts after
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quasi-in-situ reduction
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HI H' Sn FI# A AH BAE R, 5 F iR mapping 3
TESE FAHAT.

RIS 72 AR R WA E M Sn
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JFHAYE Pt 143U 56 45— 2. PtSn-HI 73 i
KT PtSn-EI 1 Sn/Pt-SL, i fifbF b & B i £
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Table 5 XPS semi-quantitative results of surface composition of catalysts in different states
Element atomic content/ %
Catalyst Catalyst state Sn/Al
Al Cl K Mg Sn
Fresh 92.61 1.68 0.72 4.15 0.85 0.0092
Sn/Pt-SI Reduced 92.23 1.71 1.15 4.13 0.78 0.008 5
Used 93.07 1.50 0.83 3.84 0.75 0.008 1
Fresh 92.93 1.87 0.96 3.34 0.89 0.009 6
PtSn-EI Reduced 92.99 1.69 1.22 3.27 0.84 0.0090
Used 94.16 1.37 0.80 2.93 0.75 0.0080
Fresh 92.59 1.83 0.80 3.91 0.87 0.009 4
PtSn-HI Reduced 92.17 1.20 1.43 433 0.88 0.009 5
Used 93.50 1.52 0.86 3.39 0.73 0.007 8
3 _Z'i'l:l: 'L/[,_\' lysts and the deactivation characterization[J]. Chem

FHER R IR 1% PtSn-HI L H 5 2 Bt
Bt (PtSn-HI) AU 12 5% (Pt/Sn-SI) #EAL A L, %
UM T de A 0 T e I S G T T AR A e e
PE, G A T .

AR Ty i & A AR ) 22 5% Pt Sn, 2%
TR ] FRRE BV 2506 Pe 43103 . 6TAT Sn” #0975
FEAE RN, X HE— A T AR 0 e R R S ) b
TP T EL A AR R 437 . 32 ) 1 48 Tk R s e
HA g R AT T B AT Pt 058, M4 s i
ferErE. KL, SRR RR IR 5T 15 31 P 2 0% B
151 (59.9%), MTTTE MR A T 2R 791 A i 951,
A AT PtSn (8] B8 55t 0 AH B AR, AR 75 & i
R Z R PtSn A4, TEPERAR, FRE i 2z,
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Influence of Preparation Methods on n-Dodecane Dehydrogenation
Performance of Pt-Sn-K-Mg/y-Al,O; Catalysts

WANG Shuai'?, SUN Jie’, CHEN Cheng’, WEI Hai-guo’, CHOU Ling-jun',
YANG Jian'"", SONG Huan-ling'
(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,

Chinese Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences,

Beijing 100049, China; 3. Department of Petrochemical Industry, PetroChina Planning and Engineering

Institute, Beijing 100083, China)

Abstract: Pt-Sn-K-Mg/y-Al,0O; catalysts were prepared by sequential impregnation, ethanol co-impregnation and

hydrochloric acid co-impregnation using n-dodecane dehydrogenation as a probe reaction, and the effects of

impregnation sequence and solvent on the structure-activity relationship of the catalysts were investigated by

using characterization methods such as NH;-TPD, CO pulse adsorption, H,-TPR and quasi-in situ XPS. The

results showed that the catalyst prepared by co-impregnation with hydrochloric acid aqueous solution exhibited

the best initial activity and better stability. The increase of weakly acidic sites of the catalyst facilitated the

dispersion of Pt, which improved the catalytic performance. The co-impregnation method using ethanol as the

solvent is more favorable to the formation of stronger interactions between PtSn to generate more PtSn alloys,

which is unfavorable to the initial activity but has less effect on the selectivity.

Key words: long-chain alkanes; dehydrogenation; PtSn alloy; impregnation sequence; solvent effect
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