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LR S 8 LR HTELIEF, HGAERN 15mm, FH 10mg. B ST LR
EIRYAH CaF, A OMmaRasin P by, FERYHNAR, SFEEYERT
600°C.

3 Pt-Re/AlL Oy LM GO G R 2 /0 TR AEEELN, WA
S CB-7, Pt &Hth 0.22%, Re &35 0.43%; S &Y 1.20%; Pt/AL, O3 f Re/AlO5 i1k
A RAE EA TR y-AlOs, RS CB-7 i B & LR sHEY, RS HAE
a5 CB-T .

STAPSCH AT AL R RO S S, 40mL-min~', 200°C 4 1 /hef, EH
MEK, BEMES, 40mL-min-', 500°C T4 2 b, REESEHRETFIR.

B ER P ES, BEEY 107%Pa. 7 2.7kPa CO 5 NO B4 4h it Sl
CO £o4peilt, TREVMESH CO, FiE NO, iDBMLIIMERIZE CO 5 NO S5 BE T
M SEida NO Lokl HEiESH NO, Fi# CO, idFM/ti|ildE NO 5 CO
gL AR S

AL 3% RERA B R E QKA F E™H FTS-65A L6l LT, HHE
% 2em?, FIEVCED 64, FEEE Y 20kHz.

2 R 51t

LM R, LA B BT ERE, £ 40mg. CO 5 NO G940 FH i 3% e
AT ek B E TR — k.
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R 1hE, BR 500°C B IE 2 EfE, CO MMM BEE S HEMmESH CO, |
# NO EREH CO 5 NO BPWMO/tiE. Edey 2200cm™! /iR CO HETT
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%1 H1% CORNO FRUEaENYN BUREAER
Table 1 Frequency, intensity and assignment of IR spectra of adsorbed CO and NO in Fig.1

Coml, CO4+NO
Catalyst Term ad. CO CO band NO band
afem™! 20557 20606 weak
PefAlOs T{Ajg-cat) 0.73 0.7
Assignment Pt Pt
rrjn"{:m"l 2026.8 1969.1 2032.2 19384 1870.2 1765.4 -
Re/AlO, I{Ajg-eat) .51 .44 .44 (.28 0.35 1.14
o Assignment Re Re I't Re Re [e
af(:m_l 2061.9 2065.3 1B63.8 1766.7 .
Pt-Re /Al Ox I{A/g-cat) 2.00 0.91 0.18 1.32
Assignment Pt ., De 't , Re e e

Pt/Al;O5 fifb¥], CO #: 2055.7cm ™ fy3REMUCEE R CO (F Pt 7 LA H K
M. CO 45 NO #HWMn, CO BMULHEH 2069.6em—", ¥ 5 Wi Bah; NO 1
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1806.2cm ™! bA7 - HRlEE.  CO 14 NO BHWEHTE M RECRITLH BHFNE. XH
IR Pt/AL O, fifb i Lo 384 Pt RE R CO.

Re/Al,O5 4k, 75 2026.9cm ™" #1 1969.1em ™" 4L B AT AR dgEs. CO 78 2026.9cm ™!
F i B CO 78 Re R L2EURBF MM R, £ 1969.1cm™" ZbA MR CO 7 Re £
W EEFR e B CO 4 NO S4mWHE, NO fF 1765.4cm™! 4y —@MicEs, 7
1870.2cm ! 4b — TR, T CO £ 2026.8cm 1 #1 1969.1cm ! {5375 1-60 B 4478
g, XFILEFEE Re/AL Oy fE{biifs CO 5 NO B4, 34 Re XmMWHE CO, 3
4+ Re Wi NO.

Pt-Re/AL O3 4k, CO WMBEHMILE 2061.9cm ™! fbH — T EMRYEE. CO 5NO &
Sy, CO 7E 2065.3cm™" &b —3EMusE, NO #£ 1766.7cm ™" &b — 3R, R
CO 4 NO %P\, 5 Pt/AlO5 #l Re/Al; O3 fi{k# CO 5 NO ES WML ML
#e, CO £ 2065.3cm™! BRI A S5 Pt |ET A Re REWRE CO MLAMRE N, 7
NO #F 1766.Tcm™" B9WMcEEMI B Re HHMHE NO Mot iy, LR RES CO £4
FIREFAYELAN G L A RESLMRIEIRGE Pt-Re/ Al Oy bl g9 Rm S E MM EWL, T CO
5 NO SoF 36 55 9009 L0506 5 00 0T Sk il B By B A E .
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ofem o em
1 Pt/AlOy, Re/Al:O; # Pt- g2 Pt/Al,0;, Re/AlLO; # Pt
Re/ALO; fifeME%S 200°C Fi# Re/Al;O; fiftmiEMs 200°C T
L /et 88 500°C R 2 MhHE. 1 6t B% 500°C FE 2 IHE,
CO WM CO 5 NO Z9EMMaTYH NO BMi NO 5 CO S8BNTs}
K i
Fig.1 IR spectra of adsorbed CO and Fig.2 IR spectra of adsorbed NO
coadsorbed CO and NO on and coadsorbed NO+4+CO on
Pt/Al,;0;, Re/Al,O; and Pt- Pt/Al,0;, Re/AlL,O; and Pt-
.Re_,l"Alz'Dg, catalysts after drying Re/Al; 04 catalysts after drying
in Ny at 200°C for 1h and reduc- in N; at 200°C for 1h and reduc-
tion in H; at 500°C for 2h tion -;n H. at 500°C for 2h

2 90O iR Pt/AL O, Re/Al,Os #1 Pt-Re/Al, Oy fE4k# 4514 200°C HST
ML bt 500°C EAURET 2 i, NO W ER L0506 060 58 4 B 533 22 504 NO, Fragt
CO EFRMH NO &5 CO REpmpR LMt Hde CO f NO Mesi oy d, Mo i St
=58 51 F 3 2.
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Pt/Al,O5 fifkl, NO WEfel, ¢ 1600-1850cm ™' EF7 -HWIgH. NO 5 CO F#
PEEE, NO f8MREHFR%, [ CO 7F 2076.9cm | b8 —MMliris. XFII M ITE
Pt/Al; O3 fifb#l, NO 5 CO TEHWmHeS, Pt R LEWE CO, thif Pt RE®E CO &
S HORA NO g3, X EEE 1 Mk | Feey-—-F.

Re /Al Oy fiEdbi, NO WEE, 4 1866.5cm™! # 1769.1cm ! 4k CO G H 3R
. NO 45 CO EHmEer, NO fF 1864.8cm! # 1770.3cm ! - HME-EREYEE, XM
ATl L s NO Wt 6 NO Wbk gy, SEmEEsseri; Mg, #NO 5
CO TwHMWE LI PIRFTERN CO MBIy, X M Re/AlL Oy fEfki. TR
f NO, Fif CO 5 #PHEE, Re #BM7T4H NO EHE, 5 CORTHBXR, B Re &
W H NO @R e LB CO 38, Re REHIXFAPFHENMEIE Pt-Re/Al O3 b AIME
A AR .

Pi-Re/Al, O3 #{k#], 840 F NO WAt £ 1772.6cm ™" &b, NO H—1EdE. NO
5 CO S REE, CO £ 2081.0em ! AhHEWWiks; NO 7 1856.0cm ! #l 1765.9cm !
LHTEARB Y. NO 5 CO FPMEBHLINil, #KiE L& Pt/A1L,O; M Re/Al, 04 filidt
# NO 5 CO #4MEMTd, CO Wi HE T Pt @, 7 NO BUENISET Re £
M. XEHH NO 5 CO FHMEBLLI T4 JRIEERE Pt-Re/Al O3 LI E Pt 3
T Re /.

®2 H2¢ CO%MNO FRBEENY THEEEFHER
Table 2 Frequency, intensity and assignment of IR spectra of adsorbed CO and NO in Fig.2

Coal. CO4+NO
Catalyst Term ad. NO CO band NO band -
afem™! weak 2076.9 -
Pt/Al: Oy I{Afg-cat) 0.85 —
Assignment Pt - -
n‘.l'll"ﬁ:l’ll_1 1866.5 1769.2 - 1864.8 1770.3
Re/Al; Oy I{A/g-cat) 0.46 1.24 - 0.49 1.36
Asgignment e Re - Re Re
rl:l',l"(.‘l‘I:L_l 1772.6 2081.0 1856.0 '.I.Tﬁ-'l.?l
Pr-RefAl Oy T{A/g-cat) 1.61 1.05 0.47 1.29
Assignment ', Re Pt Re Re

SR Pt-Re/Al,Oy fEfbi M EA7 Pt-Re 45 & S FFHIEARN, &8 Pt # Re (HF
FRPE AR B — & Tl A T Ak 9 Pt/ALO; 1 Re/Al,Os fE{bHMLLAMBI S R4 )8 Pt
# Re 3¢ CO 7l NO @R BHHEHARMETR]. HEEE Pt-Re/AlOs fidbH&Em L4 Pt-Re
BERFFHIEA, BiFXH Pt-Re 4 &M F 78 CO 1 NO fyMH LN 58 &R Pt 1 Re
AP EG), XFHERNLE NO 5 CO BHMMMLINEE EEmili¥. 55 L Pt-Re/Al Oy
HEEF A NO 5 CO BH WM AL EIFRELRE Pt/ALOs 1 Re/Al,Og fiE{bH a9 Y A0
(P 2).

EiREE R, DA TIREE NO & CO S99 L0516 R o 4K 13 09 B BEE 48 42 01T
4 Pt-Re/Al,Oy fifbM2em Lt 8l 8e Pt-Re G &SR FEANS, Pt M Re (rfiEfk
Ml RE A B R A, F W TR NO & CO 35 4 Mg B a9 £0 40 % i 12 0] 41 B R AE 0L R3S
Pt-Re/Al.O5 #E{kfFm F Pt #MA Re £
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Fig.3 IR spectra of adsorbed NO
and coadsorbed NO4+CO on
Pt/Al; O3 reduced at (A) 300°C;
(B) 400°C; (C) 450°C; (D)
500°C; (E) 800°C, for 2h, re-
spectively

B 3 % Pt-Re/AlLO; k& 200°C
WATH 1 de, 48T 300°C, 500°C,
600°C, g5 &R 2 efE, NO BmH (£
) fl NO 5§ CO E$WH (FH) 4t
¥ife. B CO 5 NO Wik, |
BEREMLOEYITE 3 . £ 3 MEERERM
Pt-Re/Al, O3 fiEfkHfy Pt i, HEFTER
BTk, 500°C @A FEEERF
#hE 600°C, Pt BB CO EEHEHF AN
Bk, #/EAS 500°C, 2 MEHEEEHRIEL
MEWT SRR, WEFRE®Y 300°C B,
HEbSeRFERE 4%, X5BFEHE
ERATHFREFER—FWH. 7 Pt-Re/Al,04
fEedb ) s & Re 0, WL IIR A THE T
Ao EIFEEMN 300°C 778 600°C, #¥ik
MR FRERMT 3.4 £, #AHBERT
S ibBaEE 29 AR, NO 5 CO %
SR o B Pt-Re/Al, O3 fi

o7l R RELE FOR B p %, FARAGEM. FFLL A NO 5 CO BPMMLIE
RS B FALE R Pt-Re/ AL Oy fik# L Pt REF Re RERT7HY.

#3 EH3DCORNO HZREMHESN REREROR
Table 3 Frequency, intensity and assignment of IR spectra of adsorbed CO and NO in Fig.d

T/oC 300 4040 450 S00 GO0
afem™! 1760.1 1764.9 1769.3 1772.6 1773.7
ad. NO T{A/gcat) .68 1.12 1.45 1.61 1.74
Assignment Pt , Re Pt ., Re Pt , Qe Pt , Re Pt ., Re
afem™! 1753.8 1758.7 1762.7 1765.9 1773.1
Coad T{A[g-cat) 0.45 1.01 1.11 1.29 1.52
Assigment Re Ie Re Ie BRe
NO NO band 1‘!||"4'_'n1'l 1845.3 1853.1 18533.5 1856.0 1851.7
+ I{A/g-cat) 0.26 0.39 0.40 0.47 0.68
c0 Assignment Re e Re Re Re
afem™! 2074.0 2077.0 2077.5 2081.0 2080.2
CO band  I{A/g-cat) 0.78 0.85 0.93 1.05 1.04
Assigment I't I Pt Pt Pt

3 it

S PRET L IR TR RAE M 0 e R R A S5 LA ACUIRAR T RO FHREHL b
Fo il iEARAE TRl Pt-Re /Al O HORB AN o) R0 R MMAR, SRRV, A LEER
fF, EEE Pt-Re/Al Oy fifbdl e m A B4 Pt-Re &L THFE, Pt Re
fEfifE MR LR EEFE: NO & CO FHMM LIk I RIETFE Pt-Re/Al; Oy
fidkf £ Pt Femifl Re @RI, Hidh AL EESFECLRE Pt-Re/Al Oy i

G40
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fbifl b Pt 1 Re a2 &5 #EALA Z LT LI AL T NO 5 CO ZHMEMLIEHE
RARIE, AMHE—HWREE SRS, REANMALEEEMAXEERENEL
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Infrared Studies of the Surface Structure of Commercial Pt-Re/Al;0; Reforming
Catalyst

Hu Yongren Zhang Lanxin

{The Research Institute of Petrochemical Processing, Beijing 100083)

Xin Qin Gao Xingtao Ying Pinliang

(State Key Laboratory of Catalysis, Dalian Institute of Chemical Physics, Chinese Academy of
Sciences, Dalian 116023)

Abstract Infrared studies of adsorbed CO and NO on Pt/Al;03, Re/Al;03 and Pt-
Re/Al;03 were made to obtain information on the surface properties of Pt and Pt-Re
reforming catalysts. The Pt/Al;03 and Re/Al;0; catalysts with very low concentration
of supported metals and commercial Pt-Re/Al; 0y catalyst have been studied. The con-
centration of Pt is 0.22%, and Re is 0.43%(mass fraction). The results indicate that the
infrared spectra of competitively adsorbed probe molecules NO and CO can be used to
characterize the surface structure of Pt and Re on reduced Pt-Re/Al; O catalyst, and to
make semiquantitative analysis. More direct evidence of infrared spectra of competitively
adsorbed NO and CO indicates that there is no formation of Pt-Re alloys or metallic
clusters on the surface of reduced Pt-Re/Al; O3 catalyst.

Keywords: Infrared spectroscopy, CO, NO, Pt, Re, Surface structure
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