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Abstract 190732

Preparation of nickel over cerium oxide supported by using Colloidal emulsion aphrons
(CEA) was studied. Three different synthesis investigated methods were (1) incipient
wetness impregnation, (2) impregnate the support into CEA loaded with nickel solution,
and (3) co-precipitation in CEA of support and active metal. The synthesized particles
were characterized by various techniques such as XRD, TEM, BET and ICP. It was
found that the particle size, surface areas and nickel content of each method were (1)
6.42 nm, 118.6 m%/g, 10.0%, (2) 10.9 nm, 89.64 m?*/g, 9.1%, and (3) 5.11 nm 117.40
m*/g, 9.9% respectively. The performance of all catalyst were tested with steam
reforming of methane (methane: water 1:3, temperature of 900 °C). It showed that the
catalyst prepared by method (2) exhibited the highest methane conversion.

When considering the influence of calcinations temperature, co-support and nitrogen
atmosphere, it was found that at temperature of 900 °c the surface area decreased while
crystal size increased. In addition, the hydrogen consumption decreased whereas in
steam reforming methane conversion increased. For co-support by zirconia, the surface
area increased with Ce-Zr all molar ratio compared with non zirconia. The crystal size
of Ce-Zr at molar ratio of 1/3 was the highest with surface area of 135.9 m?/g and
crystal size of 11.59 nm. However, at 3/1 molar ratio the best hydrogen consumption
and methane conversion obtained. Calcination in nitrogen atmosphere of Ni/CeOa,
Ni/Ce-Zr [3/1] was found that the surface area was lower than that of atmospheric air
calcination while the methane conversion in steam reforming of the particle decreased.

Keywords : Cerium Oxide / Colloidal Emulsion Aphrons (CEA) / Catalyst / Reforming
/ Ceria-Zirconia / Nickel



= a
fAnanssulszma

Y v s |2 a a o <2 a HAq Yo (=R
mwmwmmnwa:Qmmmwwﬂsﬂunwmuwuﬁ IA.AT.0UUN ‘iﬂ?ﬁﬁﬂf}ﬂ ‘Yl[lﬂﬂ'lﬂiﬂ‘laﬂuﬂ%

' v
a J I

o d 19 9 1 aa S Aq ¥
ISFEA TG mmmi‘luﬂsﬂu%uuﬂﬂnmm HASUDUBDUR M SA.AT.UIAA LHATATNIU ‘V]zlﬂ

' '
o a4

Suuzhiiamu@uiaznaasuduswljasn i lavaaee veveuque1n1sinssum sy
suilsznoudie si.a3.31501] yy$1uauine uas sa.as. Inma aenqenie flWiAosauay
goznm s uusihfuauisei YovaLAMUD1ITazBun W Tan Hooua uazyAaINg
Uszieslfiianis nndnsnisuail fennsanuazadnuazldsuuzihiidinlasaaen
vovougauiouainAnu Ty Innnvim wazMoiiqavevouguasouasIvesd v

Tasmwzweuazwinaivayuidslanlasaaoa

i 4
' =1

d @ { a a a 4 ' ' 1 1
ﬂﬁZTU‘ﬁuﬂuﬁlﬂﬁlﬂﬂ%'lﬂ'J'VIU'I‘LI‘WHﬁL'ﬁlluUﬂulﬂuﬂﬁu“]’]ﬂﬂ'nnﬂém'\‘llﬂﬂnﬂ'ﬂWUﬁﬂaTn”

i
=)

Yy Y Y Y
YNAU VINRIUDUDUNISAMUUT T Tomail



CARIILY

unfagen iy lny

UNAAIDONIHIDINGY

Ananssulsene

GAPSIL

UNTATN

s1wmszidsznou

ANNTINYUAZNUIVDINUITY
1Y o

Togiszeen
YOUWAYDINUINY

sz Tominamanez 1asy

a v d' 1 )
2. NUIRVENHHNMAZNHBA)

2.1
2.2
23
24
2.

2.6

QNUITENHIUIN
A a J
mssznoudiSonenn laa
Q 1 aan IS)
ausalgnsounil
=) Q/ ' aaa

MsIAsouAIGNTe

a o @ ' aaa
M3 AATITHANTNYAIN

14
nszuums31daeleri (Steam Reforming)

3. MIAUHHN U

3.1
3.2
3.3
3.4
3.5

=1 o :; 9

asaTazmMen 1% 1uNINAang

A oA ¢
insoelionazgunsol
v
JUADUNITNATDY

a 'd [ @ [ aaa

mmﬂswwﬂmanym:mmmmﬂgmm

Anvlszantamausalgnsenlunszuaums Steam reforming

10
12
13
24
26

28
28
28
29
37
39



¢
4. HAMINADBINAZIVITUHANTNAADY
a P St a ' Yy aa '
41 mswsoudisoueen leaniinsdn Tangdos 1idwiEmin1en
a a a 4
42  dnswaguugivesnisuna lod
a a o [ d
43  dNEWAvYDIRIIBISUDEN luAI I

a a d 9y
44 oniwavesmsunalaanioldaniz lulasiou
5. agUwamInaans
51 unergy
52 YolauBNUE

19NA13919049

o 1 o Jd @ ' aaa a
MANUHIN N, W'J'ﬂ{n\‘lfniﬂ']u?ﬂlﬂﬁﬂﬂigﬂﬂnﬂlﬂﬁﬂjliQl]{]ﬂﬁfﬂ llazwaﬂqﬁﬁnﬂﬂ'ﬁﬂﬂaﬂﬂ

40
40
55
59
64

69

69

70

71

76

82



FEUNININ

MAIN wn

2.1 n_l?ﬂmﬁuummmmsnmmmsaﬂusqﬁeﬁaﬁya 4 ¥iia lumsihldiAereamsdndie 24
LM lRLRianuseM

4.1 ﬂm5mgmzwNmumwmmﬁméaﬂﬁﬁ?mﬁa 375 47

42 sundvveslSmmigenlzney (% Taerimiin) 11nnME Y SEM/EDXS 49
mmﬁm'aﬂﬁﬁ?mvfa 3735

4.3 f1 Methane Conversion k2% Carbon formation 910N NATOY 54
Steam reforming ﬁ’huﬁmummﬁms'aﬂﬁﬁ?mﬁ"lﬁ'ﬂmmif'fqmswﬁﬁgq 3735

44 AUENHUTNIINMUNNDIANT IR una'ladigamaii 900°C 57

4.5 §1 Methane Conversion 11ag Carbon formation 31NMINATDL 59
Methane Steam reforming

4.6 ﬂmﬁﬂym:memumw‘umﬁmiaﬂﬁﬁ?mﬁﬁﬂ15Lﬁmmaﬁmﬁu 61

47 §1 Methane Conversion 118 Carbon formation 31NNINATOL 64
Methane Steam reforming ﬂlmﬁméaﬂﬁﬁ?mﬁﬁmsLﬁmmﬂﬁmﬁﬂ

4.8 amﬁﬂymx'vmmﬂmwmmﬁm‘iaﬂﬁﬁ?mﬁuﬂa"lcnﬁmﬂiﬁ"luimmu 66

4.9 §1 Methane Conversion i8¢ Carbon formation 31NNINATO 68

o ' aaa { Jd
Methane Steam reforming vodisaufasorfiunalasnieldussomalulasiou



2.1
2.2
2.3
2.4
2.5
2.6

2.7
2.8
3.1
3.2
33
3.4
4.1

4.2

43
44
4.5
4.6
4.7

4.8

4.9

4.10

4.11

s1msjlilszney

Tnseadananvodisoneon lea

Tn33er519904 Colloidal Gas Aphrons

Tns9e319u89 Colloidal Liquid Aphrons

Tn398319989 Colloidal Emulsion Aphrons

ANYMULUDY CEAs *umzﬁmmﬁynmwﬁamnﬁmaaﬁmé’mmﬁmﬁ
ANYUZNIINTLIWAVDI CEAs 1iag W/O Emulsion
Juhasefitmsnuue

Tas9ad19909e15 AL IAIAD

msGmﬁwmmiaﬂusaﬁaﬁﬂm‘%
SuneumsnIouFEoueenlad

]
add

Y
FJUABUMIATONAATIPATE1ITN 1

ada

SumpumnIoudausal§Asn s 2
SumpumswIoni s fasenis 3
Na‘mﬁmswzﬁﬁ"lﬁ'mmmﬁﬂmsL"Symmumaﬁaﬁsé‘ﬂcﬁ
Y09R 39 [NT01 Ni/CeO, N 3 38

wamsains e e nmadiamsideannvessiind
YoIAAINHNTE1 50%Ni/Ce0,

TEM Photographs anHYEa11A CeO,

TEM Photographs ANHM£01AA Ni/CeozﬁﬁammﬁTm‘i%ﬁ 1
TEM Photographs GNHMZ0YAN Ni/CeO, fifains 11 Tag 351 2
TEM Photographs §n¥§Z0YMA Ni/CeO, Rifuns 1z 1au357 3
SEM Photographs dN¥MEYN N Ni/CeOzﬁﬁ'\uﬂ'ﬂZ“rﬁﬂUﬁ’:Q 373%
f1daves 250

SEM/EDXS Photographs (f183010 8.5x10°)

SEM/EDXS Photographs (a3t 15 x10°)
wami%ms1:ﬁﬁ"lﬁ'mﬂmﬂﬁﬂmi?ﬁﬂ%’umuqmmﬁﬁiﬂmmu
voarsalfAsei ldnnismsmsouaiu

11 Methane Conversion 910NINATDY Steam reforming ﬁmuﬁqmﬁ

Sl 6 hr Ngamgll 900°C Yo NI NIA301 NirCeO, Az CeO,

11
16
16
18
18
19

20
20
30
31
33
35

41

42

43
44
45
46
48

50

51

53

39



4.12

4.13

4.14

4.15

4.16

4.17

a I a Y v ag @ aan
Naﬂ’li'Jlﬂ51$ﬂ'ﬂulﬁ’i'l']ﬂWIﬂuﬂﬂ’]ilaﬂ')l'ﬂuﬂlﬂﬂ5ﬂfﬂﬂﬂ°ﬁ"\l’t‘)\3ﬁ')ﬁ\3ﬂ§]ﬂiEn

4 a g Y
Higuugimsuna laad1aiy

a o a Ao W ad
Hans N3N IdnnmaiiamsSanduaugungiin lusunsy

VY

[

@ aaa dy v oI a
vosRasalfisoii Idsinmsunalaangungiinienu
a sy ¥ a dy v adg
HAMIAATIZHN IRDINNATAMIIAYAVUYDITINONCY
@ ] aaa o o Jd
yosfsalfisedisesiveen leasam
a s a oo @ ad
HANSIATIZA N A nmATinmss anduaugungiii lusunsy
@ [} aaa o a o ) @ @ g
vesfassasoniidauaes Indluiludsesiveen lads oy
a o a dy v ad 4
HANSIATIZHN 1A ININATANIIIALAVUVDITITONY
(g ] aaa { L4
yosusafasniunaleaneldanzlulasiou
a PV a = ad
HamMs A5 IR Idnnmatinnssanduaugungiin lsunsy

yosrauselgnsonunalanniold lulasion

2

56

58

60

62

65

67





