Journal of the Korean Chemical Society
Vol 36, No. 1, 1992
Printed .n the Republic of Korea

HXIE eitesiE &Roj oA ofEHe| MBS

TR
eRoeaTE BAATYE
(1991, 6. 26 <)

Methane Conversion over Supported Lead Oxide Catalysts

Jong-San Chang and Sang-Eon Park®
Korea Research Institute of Chemical Technology, Daedug-Dant,
POBox 9. Tagjeon 305-606, Korea
(Received June 26, 1991)

£ & a, B, ¢TI @ MO FAE Agslo &xE GARE g Azt A"
FAISHE BofAbelA] oieke] G, w3z W3 MgO dA&vjdA G Adxrst Uz o
B on, y-&dFulvt @x PhO 2afelxe CO, AdEr} wotv) 223 0-2Fol A Fole e F
ZRE ] §Alo] o on, p-AdFort GxEafol e FAde] Ao vehtA] Gsket oY WSFEAHL
Zoj o) AzpAbAS B ZA )& o, w3 AL ] §4-¢ ghAlle} ARE ke 4343 oA 9
QAo oispitghel 3 MgO @A ZujolMe X-Al HAEAMNA dele] gAML PbO I3HES
(002)m 2] =2 47]7} (111)e] A7l vjst ¥4 27 Jebd 7122 & o o5k Oxidative Coupling2
o]&un} Structure-Sensitivedt HF3-2] & 72 4= R, %3 Oxidative Coupling el 2] E
ARE-HA AEA4(S0SDH Y ¢ A= ARl

ABSTRACT. Supported lead oxide catalysts were prepared by using a-, B- & y-alumina, and MgO
as a support. Among the supported lead oxide catalysts, MgO-supported catalyst showed the highest
C,* hydrocarbon selectivity for the methane conversion into C;* hydrocarhons, but y-alumina-supported
PbO catalyst gave the highest CQ. selectivity. And a-alumina-supported catlyst showed the medium
activity, whereas B-alumina-supported catalyst gave little activity. These reaction characteristics seemed
to be largely dependent on the activity of lattice oxygens in supported catalysts, which would be influen-
ced in the interaction between the supports and lead oxides and the properties of supports. Especially,
much higher ratio of (002)/(111) peak intensities for PbO phase on MgO support than on the other
supports in X-ray diffraction analysis was considered to be an evidence that methane oxidative coupling
of methane might be so-called structure-sensitive reaction, and this seemed to be an example of surface
oxide-support interaction (SOSI) in the oxidative coupling reaction.
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Table 1. Effect of support on activity and selectivity over supported lead oxide catalysts

. Conv. (%) Selectivity (%)
Support  PbQ loading (wt. %) CH, o, CHGH. o o, Sc,+ C:HJ/C.Hs
MgO 10 10.2 100 238 40.1 45 316 68.4 0.59
a-AL0; 13 55 50.5 18.6 36.1 - 453 54.7 0.52
B-AlOs 1¢ 14 38.1 10.2 388 - 510 490 0.26
y-ALO; 9 6.3 98.2 140 18.0 - 68.0 320 0.77

Reaction conditions; Temp.=720C, W/F=1.14 g-sec/m!, P(CH,)=28 kPa, P(CH,)/P{(Q:)=8.7.
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Table 2. Effect of PO loading over MgO-supported catalysts

Selectivity (%)

PbO loading (wt.%)  CHi-conv. (%) i o o 0. C,* yield (%)
0 33 278 436 - 28.6 24
5 132 22.7 377 15 371 83
10 102 238 401 45 316 7.0
15 9.1 284 389 72 255 638
29 100 236 400 29 335 6.7
100 25 234 4638 - 208 18

same reaction conditions as Table 1.

Table 3. Effect of temperature on activity and selec-
tivity over 10% PbO/MgO catalyst

Table 4. Effect of oxygen partial pressure on activity
and selectivity over 10% PbO/MgO catalyst

CH,~conv. Sco+

™ e S0 CHJCH,  PCHIPOY o™ % CH/CH,
650 47 753 22,0 <01 104 83 756 0.52
700 65 951 61.1 0.44 87 102 68.4 0.59
720 102 100 68.4 0.59 74 114 63.5 0.64
750 122 100 717 0.30 56 133 573 068

same reaction conditions as Table 1.
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Fig. 1. Scanning electron micrographs of supported lead oxide catalysts. (a) 10% PbO/MgO, (b} 13% PbO/

a-ALOs, (¢} 10% PbO/B-ALO:, (d) 9% PbO/y-ALO:.
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Fig. 2. XRD patterns of supported lead oxide cataly-
sts. (a) 10% PbO/MgO, (b) 13% PbO/c-AlO;, (©) 10%
PbO/B-Al0s, (d) 9% PbO/y-AlO, (a: (111) plane and
®; (002) plane of PbQy).
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Table 5. ESCA results on supported lead oxide catalysts

Binding energy, eV

Surface composition®

Catalyst

Pb 4f;, 0 1s Al 2p Mg 2p Pb/Al or Pb/Mg
13% PbO/o- 5 137.7 530.5 738 - 0.03
10% PbO/B-ALO; 1380 530.6 73.7 — 0.17
9% PbO/y-Al,0, 1381 530.7 739 - 0.02
10% PbO/Mg0O 139.2 530.6 - 50.4 0.09
5324

4all binding energies calibrated to C 1s at 284.6 eV, ‘atomic ratio,

Ao 2 Azs|sict.
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Mg-OH %4 0 1sE AFE F 3ot 222 @A
AR Zojold ALY o]2F O 159 Al
WA Peng $V3 Dubois F'%e] #d3 0 o
0, AAade] Advz|shz Xel7t glomz #
Welja] o) 59 EAle Ao A% F Yo} Wy
A gAsE o Adei4] OCM kgl $4-8 o}
el BERALLE-E AP Axdre O o)
o2 7R

TH, Pb 4.9} AR MgO P3| &uf &
Aeysl: #7e] 2efo] R3] 137.7~1381eVE
Qo Kim F70] PbO,NA #A3gd 1379
eVe}l Blsstgicl. ey MgO @A &of o 29 Pb
4,8 AYPIAE 1392eVE T}E 20old] u|3)
11~15eV o) ¥4 dojHch o|FA ¥ Pb
4%} AP & Argawal 59 AF-AR AN
4] DAY uwl ek 2EL Fu) Hwdeld W4k
3p2o] ghid(PhCOs) o2 257 Wil ¥&
A7} G o2 dgsisict 2eyv &

379 ESCA A3 C 1s ¥ O 1s) Aol
vzle} Ao 28E] @Akgde} Eaflo) o FAE
AE 5 dock Mg0 gx2ej 4ol FA4 #49
F423E-2] o]2{ Pb 4f;, AR E dP3}7)
AN AP4dT) o] Bisolel 3 Reg A
2k}

zt Zofej 2] Pb o] Al(EE Mg)8) iz
AR O] @ Bl A9 Fatel A HRE Z
T Aok B-AFuIt FEAFZofN A YR R
AEZ7E A2 0172 & Zole u]F] 2u]ei A
6 7tx] FA elgeh o] 2%} p-dF e} =] Fa)
FH A HPEe] AP HIAEY FHE
2F Exee] QR & wheist, o)A Al
AR A7t Asalg-el o A Qg
B-AFv| A vl A uhg-BA 9] Ml wig
ofeigh falell 2t AL 5 gk o JUnx]
2ol 2 Bulkg] Fxo Hl#) Fo] Xy} 9
Uehlz gle B2 adtEe| 9 Eilq) 3 HA
Ad&e ¢ 4

S} GAlekE 7te] MSXEH GMET. 9
A3 ZofdelA OCM uHe-8 Ph?* o] 23} Ph
S43te] AN-RQAAA ofa) dojuke Ao
oA Qdch, Wendt $72 AlslES] Y%7}
wh3-RAdel 33e Fe F83 2AYE AE2HY
3, Asami %2 PbO/MgO Zrjolld MgOr)
PbOe] ARLBA4AY 3L FAAA wHEe
B4e] FolAck: A wl ik 22} #YA
DEALE Zo)o) 213 OCM 2158 2 F40]
29 A3l o) Arse] ghon), Akh
Zo| ¥ wol U3E ek

OCM Hh-3-oll 4 Aki%ol o &-& Lunsford 28l
o8] A& Bzd v vk &, Lunsford 5& &
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Beledg AREA g FE5E 244 Fof
Aol Q7 Abxolgell o2 YA vied AL
MIESR(Matrix-Isolation Electron Spin Resona-
nce) S AHEsle] AR v} slPR £} Gafii-
finey 2 Na,0y/PreOn Zvi4elA Na0:9] Per-
oxide S°1(07 )ell &3 nigtolA dRiez A
vk AgsiedePl

g, Carreiro 32 PbMoQ, PbWO, PbCrO,,
Pb;(PQ,)2, PbSO, R PbO 59 HIHEE Zui2
A% W Asz R FHabikae] -4 OCM
kel ohF 2o 3 ok AP
o) 5 53 $¥A4e) € AL E R
BB e Cr e FAsqich = Tho-
mas 52 Kentrolite(PbyMn,Si;0p) 2= 4|2 3
82 Zuir} ¥ G AdzE vjehiing, 59
A7} Zeje] Hapakae] 342 Peidetz v
ek u} sik

£ AFolA B-dFeivte AR Gl 4
Zahgo] & Yotz QUEE & 4 Asich AR
b @l Aabika g E2RIE e v-2F0
vholl AgteFe) Fakstgo] FAld Fojo e A&
A48 FE vtdd AL gAo] YT A
CO; A7) A3 =4 e} =3 9714
A4gHEq) MgOoll HAE Fojjoll e PhO A7}
429 YAol Ay on zAS o9 g Hg
&3 G AdEs) dejAch 2 F49 o
Fojitell FRH SFuioll & PbO AR §4
& 2A FAAFAE B3R @42 PbO A
3}3e) vy wBA ¥ FUAYTY Aol
Aok a=bA G ulg ole ¥ v F
olg F& OCM W5~ 9= ‘FAlstHE Soi4ol A
2] A B35 Gael GstERe] 4iag
2] Axpabsel] g 2F A ZA §¥dect
€ AL & F Ak §3] @7 PbO Fojeli4
MgO walo] 2% w49 Fsizhs &94
2E7} Falohe] Ar38(Surface Oxide-Support
Interaction{SOSI) Y2 2.2 PbO, (002)He] #i7)7}
24 271 o2t vehd Ao oAAZch

7 &
a-, B- v-¥Fuivst MgO Aol dabstEs
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AR Zoffell o] wiigke] OCM W&ol it
HR-5A T gae S =AM A o3 e
e8¢ 4 T Ut

L. w58} OCM "Hg-2 HHe- 257} 71l wat
ugke] AREF G AYE, odd of oide] &
ul7h Zhzh Frhside) dhd, Ak Bgbo] FUME
o mWeps] ofgke] He-E T} oddA off owte) Evl
7Rt et G AddEe ik

2. 34 FARE FolJoll A vfeke] OCM 2H3-&
MgO Z=|&ujo A wgde] dAgga CF dd=st
2 dojzon, y-dFul g el CO;
Aol ol of ogde] Eurt 7H Esicth
231 -2 Fo GAGZwe e FUPES] &
Ae] dojFen, g-dFoht GR&rlo e B4
o 79 viehiA] stet

3. o12|¥ RS oo Akt A4l
A ejadlen, £ HApgse) UYL e}
AR e AEaes A9 A 2A 2%
& 2otk 53] MgO 2R &wlellxie PbO Ab¥E
e FaAletE-dAN A2 24-(80Sh 2.2 PhO,,
(002)R9} 47)7} 24 F7}3te) OCM Wgol g
Hrhe] wkgdo] doixct
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