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2. BBRETHTiELREEES FEEN
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BE FKRESKT MeAlPO-5, MeAPSO-35, MeAIPO-18 & MeAPSO-18(Me=Co, Mn) % ¥, 3 H
XRD # TPD St H#F TR HFHETHREASKEEAANNBERT, FREXLERFFHFH EOEMLRRIT
Hh. EREARBEY S, BERMUEES, SERTERNBEM=YRERZEAR™Y. FREHNS
FREMEAR L, FRECRMEYNEEEZRTK. EEEREB T O MeAPSO 2 T £, n(EED/
nCERD WER THES K MeAIPO 4+ F . #AUNKBELE BT, AARMEZMERFH#T. HRT
R piEt B FEE A EREAR N AER Y ERESSHEY, BEXBSRM RMNEIETT I

.
XA REFHTH; €5 5 €
HESEE 0643 XARFRIREE A XEHE  0251-0790(2002)04-0656-05

MR A MR RN EERS, KO SAERERER, FRBATIAR. RRFEEZER
FHAEEHRS, EEFRAETETHEN, FEFSHRERILFYNER, BEFaRNEAH TR
NIA SR EER, BHEEEML, ERIFEREMEE. GFE, BTN SEEFERE, Bk
ZHBSTE LN R B AR &R E LS RIS L

KRB EEAABAR YR I EEIEIES BRGY LU, HEE R 03 ey AL
BBEE, LN N AR PEAREUENEANS. WERREPEENEKRTE, ETHHE
MPEFER, StEMMEER. B 20 e 80 FREAAKEI TRMNALT MY S SHRRALR MR
ARNFMBRN, TREEASFHAEYY, FE2 R ETHL FROGSATRISEEAMRMNS 7,
W VS-1, CrS-1 M CrAIPO-5 5. R EMR M P L HR U EKER T HF SV EMH, F/
ERBESFEEMFNIEMRDSEI. RIS TFEERER, LS BERE D T RE Ak
i, HERRGH DT RIR BN FR AR BRI, H x5 AR 3 71 HTH5.

1 SCEEs
1.1 EEAEE

A R B B s Ab 4 L3 1. MeAIPO-5, MeAPSO-35, MeAIPO-18 fil MeAPSO-18 £ B8 3CHik
(10, 11]AEER. UBRSHBA, BEK. BREASBEERIENISHIS FROBE, 2R, BEEE

Table 1 Molar compositions and crystallization conditions of samples

Molar composition( % )

Sample ALO P05 S0, MeO" H,0 Crystallization time/h Crystallization temperature/K
AlIPO-5 1.0 1.0 0 0 40 1.2 40 473
MeAIPO-5 1.0 1.0 0 0. 04 40 1.2 40 473
MeAPSO-35 1.0 1.0 0.3 0. 05 55 1.5 24 473
MeAIPO-18 1.0 0.9 0 0. 06 40 1.9 168 448
CoAPSO-18 1.0 0.95 0.3 0.1 50 1.8 70 443
MnAPSO-18 1.0 0.95 0.3 0. 05 50 1.8 70 443

* Me= Co and Mn.
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JBIR. & M MeAIPO-5, MeAPSO-35 fl MeAIPO-18 (MeAPSO-18) BT FI IR A 2 BIH = Z k. S
RETVEMN N - RHEEK. '
1.2 EBeFARE

FiH A% D/max-rB 8 X SRS ERE SR A, Cu$E, Ni B3, Ke BHIR, EHHEM
BHESH A 40 kV 1 50 mA; R ARF AR EBHE(TPD) Bl E MRS MR, # 0.1 g 20~40
HRAFHRERETRAES, UESIBERRE 40 mL/min) 7 873 K 42 30 min, REHEZE 373
K, & NH,, HAREHEIE, BES%WEY 40 min, R 20 K/min AERFEBEME 873 K, #
SR IUA (op SRR
1.3 FEREUREEW5H

S AR RLTE 100 mL H RIUFZH N B RBRE N L W#HTT, ERMREmMR, @A HwR
R 1 g AN 20 g FRBARNEN, BA 1.013X10° Pa EX (KNI TR ELNE
EWEHNRE), RISGEHHET 30 min WFHZE 393 K, KN 24 h.

F GC-920 i# 4T E B4, FFAP 6K (30 m X 0. 25 mm). FRIEHTEMHLH, DB-WAX
Bkt ERRY P IARRERAIR, BEFRIFELAER AERERFRITE=Y 8 EEE.

2 BR5R

2.1 EUFIRIE

XRD EE(H DERFENS FHRESEFEAERERE SHNENS FHRERBRERSE,
AHHECTERRENEAERKER, X 5CHRRE—FL . Thomas FOVE XM AR LA
HUTFERENERAZMERT =M. Krushev FUIMI K @ig S F s 5 L T3 TRENA
B, RHTHAHNHRE, MEBAESFHNEHREE, HET
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Fig.1 XRD powder patterns of MnAIPO-5(a), CoAIPO-5(b), MnAPSO-35(c), CoAPSO-35(d),

CoAPSO-18(e) s MnAPSO-18(f), CoAlPO-18(g) and MnAIPO-18(h)

FVRR P THR B I R 0 2 T B0 AL B B
%, SRATE2 B2 TR, APO-5 4T L r/”\v//\\\___a_
EENRBERBOMS L. AR L, B p/ﬁ\‘//\\\\~__
BATRAGRAERYE, B THERERBM i
BERETAAMBNBRE 0. ESEREH AIPO- L~
18 w1, 4% TPD [ I ik L0 A5 48 1 LA 7 e TR -
BB BRR MY, RAFEKLHASRE r/“\\-
EATFRHANS, EMMELRNBREELTAE —— :
SRR T A FHAOBE, FRETHE 100 g0 w0 o0 bo 8O0
SRIBHE. MSAPO-18 53 o 0 7% i 2 it 12 2 Fig. 2 TPD spectra of CoAPSO-18(a), MnAPSO-18(5),

ARRGPEREWOBR T O, ZRETARAE CoAIPO-18(c), MnAIPO-18(d) and AIPO-5(e)
(N)FRB LBV ) 4L Brénsted BP0 5 ERY.
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2.2 AESEHRSFHLEROEN RN

HEREARSEHSFHENEAMRNERGE OTR, FROELTYFE 2-, 3-, 4+-FWA
2-, 3-, 4-EEH, FRIEEATINTRMARE SAERANE. FN, RHRTOEHFRES
ALY, ERAREEATYERERN =Y R EROK -8, BARGHE 1-F82.

BWE BRI, FREELRR 4.9%. HEKSKG T FERE AIPO-5 REMLRIMEA T HIELRR
4.8%, JLFSRT RN R, ik, AIPO-5 REFMHAENE. SEMEN AIPO #1 SAPO &+ ¥
MY ERT RFRELERE RAREaRAERPEMEN SR, FTUREEX BAITH S H 31T X
. HBARFSHE MeAPO-18 Fl MeAPSO-18 43 F i L FE B ALY FE (B /n (B LR, DA
& HVERALNBT A (8D /2B WEES TAIE. B TPD &R A, MeAPSO-18 4 F i P HIRRIRE
BB EIL KT MeAPO-18 2 F%5. Hitk, MeAPSO-18 #4637 E B n(FR) /n(BE) LL AT 8ER B B0
AR . FERARBRA L EAMNE R ER, C, MBS TH#IEA, FRBRAAELEEHR/D
WK C,>C3>C,>C,.

MeAIPO-5, MeAIPO-18 #l MeAPSO-35 4+F i L4243 %1% 0. 73 nm X 0. 73 nm, 0. 38 nm X 0. 38
nm, 0.36 nmX0. 48 nm. WERNSFHEZEE, ALY BEEA MeAIPO-5 LB, BRETEHA
NELER MeAIPO-18 # MeAPSO-35. M bk, XM ENERA I REETEFYRFELENE
1k, BRsSImMRREIFYAT G Bl F 2 ERFH, MeAIPO-18 Fl MeAPSO-35 X F LB =Wk it
5 MeAIPO-5 M tt, H AR Z4. HMLHEWN, EALREHGT, FHRE/PLELH MeAIPO-18 Fl
MeAPSO-354 b7 LSRN AT REE B A AL FREMNIESBEES L L.

Table 2 n-Octane oxidation on MeAPO-5, MeAPO-18, MeAPSO-18 and MeAaiS0)-35°

. Product dist;bution (molar fraction, %)°
Catalyst Conversion(%) R®

4-one 3-one 2 one al 4_1)[ 3-al ___g-cl PA BA  Others one/ol
CoAIPO-5 12. 8 0.94 10.2 12.5 14.9 0.7 5.3 3.0 7.6 53 18.7 18. 8 2.0
MnAIPO-5 12.1 0.88 0.4 11.9 155 0,5 5.6 6.3 8.4 5.9 19.0 17.4 1.8
CoAIPO-18 18. 9 .38 13.¢ 15. % 18.1 i.4 5.5 6.1 7.0 1.7 15.0 16.0 2.6
MnAIPO-18 14. 8 1.08 13.2 15.3 17.8 2.1 4.7 5.3 6.6 2.3 12.9 19.8 2.9
CoAPSO-18 18.0 1.32 13.7 16.0 19. 0 0.9 4.1 4.6 5.7 1.8 16.9 17.3 3.4
MnAPSO-18 18.2 1.33 14.2 16.2 18. 8 2.0 4.0 4.5 5.6 2.4 13.1 18. 2 3.5
CoAPSO-35 13.3 0.97 12.4 15.2 18.0 0.9 4.8 6.2 7.3 3.2 17. 4 14. 6 2.5
MnAPSO-35 12.8 0.94 10.4 12.8 14.9 0.8 5.2 5.8 7.0 5.3 18.7 19.1 2.1
AlPO-5 4.8 0.35 11.8 13.9 16.0 - 5.8 6.9 8.4 5.2 22.4 9.6 2.0
- 4.9 - 10.9 13.3 17.0 — 5.5 6.4 8.2 5.9 21.8 11.0 2.0

a. Reaction conditions; catalyst 1. 0 g, n-octane 20 g, reaction temperature 393 K, reaction time 24 h, p, =1X10°Pa. ; 6. mmols of
2

n-octane converted per gram of catalyst in an hour; ¢. —one=—octanone, —ol=—octanol, PA=propionoc acid, BA==Butyric acid, Others

=most cracked oxygenates and few oxyenates with more than one functional group.
2.3 BREMFREMAREHKM

EX CoAIPO-5 fE#EMLT, HEE T FREFRBETHRRMRIL, GRIITR . TLUEER, EMFH
BN FRAET , LR LR R PR BB TR BN, 7E 403 K Y, FERERBELERIE 23.8%.
HR M AT A AN BRI S, KEMFEAEFTEAYOABEFASRERET
mghn, WRAE—RER MR E.

Table 3 Influence of temperature on the oxidation of octane over CoAIPO-5"

Conv. Product distribution{molar fraction, % )¢

5
T/K (%) R 4-one 3-one 2-one al 4-ol 3-0l 2-0l PA BA others n{one)/n(ol) n(Cz2)/n(C3) n(Cp)/n(Cs)
373 1.5 0.11 9.0 12.2 16.5 — 6.2 7.0 9.7 6.2 21.1 12.1 1.6 1. 36 1.72
383 3.7 0.27 9.3 12.6 16.4 0.2 6.1 6.9 9.8 57 21.2 11.8 1.7 1.34 1. 70
393 12.8 0.94 10.2 12.5 14.9 0.7 5.3 6.0 7.6 5.3 18.7 18.8 2.0 1.22 1.45
403 23.8 1.74 14.6 17.0 20.1 1.7 4.3 4.8 58 3.2 10.4 18.1 3.6 1.19 1.37

a, b and ¢ are the same as those in Table 2.

FEE R RRBEM 373 K #E 403 K, =¥ n(FEE) /nCGEED LM 1. 6 B 3. 6. FHEAIMIEE
YT RMARKNEEFERNBER S22 TREE. STHERARRMMEL=D LI, C./C,
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FC./C Yy BALF=y Lh 3R BRI R IR B R T PR, X PT RER i TR FHEE, C, M C BB R B0 Ptk
B
2.4 EAFHBXE

AT HANBUR B REZMERESTEDARHELT, BXHTTRAEFEBELE. Lempers £
WEERMAERRHE, EABBIHERETFLERVIRABAARE. Bk, RORBT hats
W, BT 12 h JE, FERBIREE T HMAR CoAIPO-5 4 FRIFEH, RI5HIRMETAELN
WIS TSR 3). hE 3 W, ERANEHBEN b N, SERREAMHL, FREL
RAEROBEMM. £ 2 ZREY, ERARLN, 24 h REROELRBTIED 4.9%. Hikk,
X 9 h ARBFRFARNEIMMEETE %L, MARBARBPNEREEFEFENE
RIfER. B, FHRBRENREZHER FHTH.
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Fig. 3 Effect of catalyst(CoAIPO-5) separation on Fig. 4 Kinelics of r-octane oxiJaiion o==r CoAIPO-5 catalyst
the conversion of n-octane g. total corversion; 6. n{octanone)/2(octunol} ratios ¢. Prod-
a. With catalyst; uct yields; ¢, octaacne; 4. octanol; e. butyric acid. Reaction

b. catalyst removal, . conditions are the same as those in Table 2.

2.5 FRELENE N5t

B 4 %M T YN E M TE, F5IE CoAIPO-5 b ERLE, AP =R n(F]H)/
nCERD W HESR. BB 4 TR, RN, FRECFERENESYN, 4205, HLEHE
BN Bl TR i, & R A =R R KRB BE. ERMIBF (ER)/2(FED
AR AL/, U 1.4 (1 h)IEE 2.0(24 h).

BHAENLEY L, RENELRNESTHHENSSALIESBNEALESE. RER
WO NNEAAEE, BREAERNEERELARMERLERN P & T ERMATS). Chen
SUIRE T RETFH TR LA CRMNENL, EREY, RAEYW -CGFE B /»GFEBD WHEGB. OB
HILFARE R A )RR R BEm L. i, flAhRNREAF OB RSB RMEE
HIFF B e EAL S A Y 43 A A O AUK BIRS A, 13 8 & B Y e/ AU X R B R Y&
iR, HABNEHKREEEL.

HEAXH, ZEZTEME MeAIPO 4 FRiVERALT M TRBRIN »FRD /nGERD HHE, ¥
SEEBROMNEFEECERFROSBERNREMER. B4, FREMHNFHRE OER, &
RRBL1h G, nCGERD /n(FEEDK LR 1. 38, HERMIBEFHENTHER/D. N, £
BIRRIAET, FREAE R D EYFIE CoAlPO-5 HEALR bk — &5 2 4 R AR
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Alkane Oxidation on Co- and Mn-containing Molencular

Sieves by Molecular Oxygen

TIAN Peng, XU Lei , HUANG Tao, XIE Peng, LIU Zhong-Min"
(Dalian Institute of Chemical Physics. Chinese Academy of Sciences, Dalian 116023, China)

MeAlPO-5, MeAPSO-35, MeAlIPO-18 and MeAPSO-18(Me=Co, Mn) were prepared by hy-

drothermal synthesis and were characterized by XRD and TPD(NH;). Their catalytic properties for the

oxidation of octane were studied by using oxygen as the oxidant. In the oxidative products, there were oc-

tanones, octanols, cracked oxygenates and oxygenates with more than one functiona! group. The selectivi-

ty over different catalysts was similar. The ratio of n(octanone)/n(sctanoi) on MeAPSO was higher than

that over the same type MeAlPO molecular sieve. Th: exverirnent of catalyst removal showed the oxida-

tion was a heterogeneous reaction. Mcreover, the effects of reaction time and temperature on the oxidation

were also investigated. According to the resuits, we discussed the reaction mechanism.
(Ed. : W, Z, XD

Keywords Molecular sieves containing metals; Oxygen; Alkane; Oxidation

2000 F EERFEBHAFTAASDICR HEY 48 Fih E R BT S TSR

(U HEFRNE)
=35 ! & 2000 SERHSIHR BWEAETF BR4EFE R
1 ACTA BIOCH BIOPH SINICA (4 #14b% 5 4R, 30 150 0.289 0. 000
2 ACTA BOT SINICA(E#1%4R, 30 698 0.434 0. 100
3 ACTA CHIM SINICA(L% 23R, H130 844 0. 435 0. 080
4 ACTA GEOL SINICA-ENGL (Mt i24%, 30 323 1. 000 0. 083
5 ACTA MATH SINICA (%4, %30 212 0. 234 0. 000
6 ACTA MATH SCICHU#EMBEH, 330 107 0.130 0.019
7 ACTA MECH SINICA (J1%%4), 330 180 0.575 0.026
8 ACTA MECH SOLIDA SINICA (B #1223, 20 68 0. 215 0. 021
9 ACTA PHARMACOL SINICA(FEZGHE ¥, #0 854 0. 485 0.105
10 ACTA PHYS SINICA-OV EDCHBR2EH- M4 R, 330 100 0.210 —
11  ACTA PHYS-CHIM SINICA (¥ {b2f23R, 30 119 0.192 0. 032
12 ALGEBR COLLOQUR¥ET, %) 25 0. 089 0. 000
13 APPL MATH MECH-ENGL (I iR %, %30 250 0.166 0.019
14 BIOMED ENVIRON SCI(A#EX¥ 5FER%E, %30 359 0. 400 0.074
15 CHEM J CHINESE U(R®EELEER, F30 1421 0. 590 0.129
16 CHEM RES CHINESE US4 2TR, X3 125 0. 260 0.016
17 CHINA OCEAN ENGCHEEHETE, 30D 24 0.137 0. 026
18 CHINESE ANN MATH B(¥3¥4ETR B &, %30 116 0.153 0. 041
19 CHINESE CHEM LETT(SsE M, 330 536 0.229 0. 042
20 CHINESE ] CHEM (R, %0 318 0.707 0.093
21 CHINESE J CHEM ENGCRE4F TR, 330 55 0.124 0.028

(TF# 699 W)



