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Abstract : The adsorption of H, at low temperature (773 K) and partia oxidation of methane (POM) to syngas
at low (773 K) and high (973 K) temperatures over SO, and Rh/ SO, were investigated by *H MAS NMR.
When H, was adsorbed on the catays , four forms of hydrogen species were formed, i. e. , the reversble and
mobile hydrogen species (H,(M ,0 = - 100 - 120) , theirreverdble and immobile hydrogen species (HH O =-

100 - 120) , the hydrogen species named* hydrogen fog” or“ hydrogen cloud” (H ,0 =0 - 100) , and the
sill-over hydrogen gecies (Hg ,® =3.0). When Hy, and/or H spilled over to SO, and weakly adsrbed on
bridged oxygen near Rh particles, the Hg, pecies wasformed. It wasproposed that the bridged oxygen could be
activated and extracted from the SO, framework , forming the active oxygen ecies of OH"™ for POM. Once
willed over back to Rh particles, the OH™ species reacted with CH, forming the CH,O fecieswithd =5 7.
Gas phase O, participated in the further oxidation of CH,O to CO, or replenished the oxygen vacancies in SO,
left by the extraction of bridged oxygen. At the higher temperature , O, preferentialy functioned to replenish the
oxygen vacancies and this resulted in the POM reaction occurring by the surface mechanism.
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Fgl HMASNMR sectraof SO, and 0.5 %Rh SO, pretreated with H, and then purged with He for different times
(a) Low-field region, (b) Highfied region

(1) 90O, pretreated with Hp at 773 Kfor 1 h; (2)

and then purged with Hefor 1 min (3) , 5 min (4) and 10 min (5) , respectivey

(5) 0.5%RN S0, catdys pretreated with Hyat 773 Kfor 1 h,
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2 H, O 0.5 %R SO, 'HMAS NMR
Fg2 'HMASNMR wectraof 0.5 %Rh S0, catayst pretreated with Hyor O, before and after partia oxidation of methane (POM)
(a) The catdys pretreated with Hp at 973 for 1 h (1) , then exposed to air (2) or exposed to
reactant gas CH4/ 0,(2/1) (3) , and ater (3) exposed to ar (4)
(b) The catdys pretreated with O, at 973 for 1 h (1) , then exposed to ar (2) or exposed to
reactant gas CH4/ 0,(2/1) (3) , and ater (3) exposed to ar (4)

0.5 %Rh/ SO, 0 =20 4.2 SO
, 0=6.0 9.0 Lewis ( ) .
, 060=1.5 1.0 . 973 K 0.5 %Rh/ S0,
0.5 %Rh SO, , 0 =6.0 973 K 0.5 %Rh/ SO,
9.0 , 5 =3.6 % =00 , S0,
. 0.5%Rh/ SO, CH4/ Oy , 0 =0.0
5 =36 ., 8=00 POM ,
. 0.5 %Rh SO, S = .
3.6 _ Harris [%] Rh S0,
2 , )
0.5 %R SO, d =42 3.0 Rh :
) POM )
S0, 0 =30 , ,
S0, 5 =4.0 _ . Teichner [?! ,90, ,Al,05  MgO
0.5 %Rh/ S0, SO, =30 973 K 13
, . Dmitriev %% , S0,
0.5%Rh S0, , :
d =3.0 , Lewis , . Wu
POM (7l Ru SO, ,
3 =3.0 S0, (§-0-9) :

2.1 . 0 = . )



11 : RW SO, 913
Ru 7.0 CH,O
Ru , 3 973 K 0.5%
Ru Rh/ SO, CH, CD,
, 'H MASNMR
, Rh/ SO, POM 5=0.0(S-H) d =10 1.5¢(
SOH) 8 =2.0(SOH) ® =3.0( ) O
, H, , =6.0 9.0( Lewis
Rh ) . CH, CD,
“ Rh =50 7.0 , CD,4
so, Rh 5 =5.0
,CHy Rh b5 =50 7.0
, CH, H, H CH,O CH, ,
S0, CH,O : ,
, OH . OH~ , 5=6.0 9.0
Rh POM CD,4 ,
CH, , CH,O CD,0 , D
, ( ) ,CDxO
S-H , CH.Dp(a+ b<3), H
. CD,4
Rh®*  CH, RK° .
,Rh 90,
,CHs Rh** @
Rh-O- 9

Rh-O-9+CHs; - Rh CO,+H,O+S 0O (1)

d=4.0 9.0

S0,
, (1)
S-H (6 =0.0).
S-H
d=5.0 9.0
0 =5.0 7.0,

d =5.0

3)

3 0.5%RN SO,
'H MAS NMR

CH; CD,

Fg3 'H MASNMR sectraof 0.5 %Rh SO, catayst
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(1) , (2) The catdyst was pretreated by H, at 973 K for 1 h and
then the pulse reaction was conducted with CH,and CD, , resective
ly; (3), (4) The catadys was pretreated by O, at 973 K for 1
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