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Abstract —The sintering behaviors of the nickel model catalysts supported on 7-alumina were studied under

wet hydrogen atmosphere as a function of sintering time and temperature. Two types of initial crystallite
size distribution, i.e., the aggregated and the uniformly dispersed, could be obtained by controlling the
sputtering conditions. The same region of a specimen was examined with a transmission electron microscope
after each heat treatment to follow the change of each nickel crystallite. The surface of nickel crystallite
was believed to be in the oxide state as observed by the electron spectroscope for chemical analysis. The
various events which had occurred during the first one hour were identified, and they could be explained

by applying all the possible sintering mechanisms, i.e., the crystallite migration, the atomic migation and the
combination of the two.
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1. H; cylinder 4. Ouartz tube
2. Distilled water 5. Furnace
3. N, cylinder 6. Specimen

Fig. 1. Schematics of sintering apparatus.
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Fig. 1 3 #+o] 313 2 (tubular furnace) oA 43
Be 7tdsiuiA AHS Paich WA 72 e E Fig.2. Transmission electronmicrograph showing
o) &l o] 2] the -uniform distribution of nickel partic-
;ili;—”g;ijlqﬁo ;j%ji;ﬂ:{? ji les(sputtered for 24 seconds at 258'»280
bt e B = = = mTorr).
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Hef e FEg A

UA ol=zleo] HLAlAbe) & sputtering A 7kl 2 A| Fig.3. Transmission electronmicrograph showing
=

. . s L . the aggretes of nickel particles(sputtered
stdch. 24% %<t sputteringdt A2 Fig. 2 9} ¢ aggretes P (sp

4 R for 10 seconds at 250~280mTorr).
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o}, A7HE 10~1122 b4 Fig 3 3+ 3o aggre- Ao W Y2 FAFE Frhao(10).
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t}, o] aggregate2] 272 ok 200A A x.0lc}, o},

Sputtering® ol o} Z&7tx o] gte o] Frhslud ¥ oA Fol A& sputteringwf ] o2 gf# o]
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Fig. 4. Particle size distribution of Fig. 2.
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Fig. 5. Particle size distribution of Fig. 3.
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Fig.6. X-ray photoemission spectra of nickel on
7-alumina film. Three spectra were obt-
ained for three different locations of the
same specimen for the sake of the con-
firmation on the peaks.
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Fig. 79 (a) = A slA

Fig. 7. Transmission electronmicrograph of the
model catalyst showing the effect of
heating in the wet hydrogen. To follow
the same region, the same specimen was
observed : (a) fresh catalyst (b) heated at
500C under 1 atm of wet H, for 1 hr.
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Table 1A. Possible mechanisms and examples
of the events of Fig. 7 observed on
the electron micrographs.

Type | Possible mechanisms Examples
1 Coalescence of small A, B,C and D
crystallites
2 Migration of large D
crystallites

3 Scattering of an aggregate | A and D

4 Collision of two particles D

or Ostwald ripening

Table 1B. Schematic illustration of various Fig.8. Diagram showing the positions of Ni par-
events observed during the sintering ticles on the alumina film [soI}d lines from
process. Fig. 7(a); dotted lines from Fig. 7(b)).
Before After N .
- Table 12 Al columnelli Az 3o HAAs
Type 1 18] (@) X
WE-g ohA) sekstedel, Fig 8 % Table 1 & &
Type 2 O. @ 3+3lm wet H,obell A nickel #tel #7487 A )
ool ol 57|72} AzfolE 7|7t A 2Bt & 4
Type 3 & se *
v ook Amz AAH vl uhE AA A e ol FA
Type 4 c.? Q Z szl A ZHsel TR Aol A

[e]

=

gl X,& oh&3 o] & 4 Udt(12). &,
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£ @F 50T, e FAEATNA 147 2 714 Do bs) S ool o] & Gruber
= == E o
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Fol Zg ot A gebekFe|vhel grain L

ofFoll cHdHA it Moz FTHE 5 o

T

boundary & LA oz 3ol 4 9. Fig
7oA ot FAE Type Lol4 Type 49 o D,=0.301D; ()" @)
74212 £F35tod Table 1A9F 1Bl vephlieich =

2 yde 2 30A°]e} b 7 o
3} Fig. 8 2 Fig.7a ¥ 7be] YAYAES o3} aix

[

1dolch. ERSAAS Dk Eddabol A 2
o HH 2L Aog AAN AL A7 279 Hatol Uz Qe T4z thSah o] & 4 9lck(13).
dxz] o dxte] AE epdoh Fig. 89 A
99} Bl 0ANA 60AS] xSl co- D,=D, exp<—R—QT—> 3)
alescence (Type 1) 2} Ostwald ripening (Type D) ©f
Ao dojufi= GAHE Holm dled olF Ad YaAlo] chai A Dy 300em’/sec, Q¥ 159KJ/mole
o} 200Ao2 =459ch L olALE o] aggre- 2 5o} (13) 500T oA bel v D9 X, & A4
gate2 2.99%¥ URIEL ‘3454044 B - 9joll A st= Table 2 9} %ot o] Akl g HatolsA
50AR e Ao daEol 100AFE &2 A4 g Qlzbe] 27)7 2 A So): Fig 8ol b}
25kl 120A8) 2 YAsk ARk DELAIAE w2 goloh 2y G Ao Qae
ool ofe] okAtEo| A Ao AL & F ARA Lo Y Luwle] gholn] A Ao =oko] T
Ak el —r--rl°ﬂ/~i% 29]ol % 200~400A 2] Z 9 ol ot facet°l Qe Ay ASole DY
Aol 20~40AHE o] BT AL ¥ 47 9ok Zhol Y zhe Fhol ke Aol aeiA 9leb(13).
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Table 2. Migration distance of nickel particle

at 500C.

b(A) D, (cm? /sec) X,=2VD,t (A)
10 4.5X107" 25600
30 5.6x107" 2840
50 7.3X107" 1020
100 4,5%107" 256
250 1.2x107" 41
500 7.3x107° 10
1000 4.5%107" 3
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