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A = 329 5 920 CuO/SIO AN AL 2.5wt %9 T2 Skl A E & 4 919tk CuO/r-
AlO; 9] el 9 & FY A= 145°C, 185°C, 210°C, 23 250°C 2ol A w7 9
T Jazt velster] Cu0/Si0; 9] 3 $& 425°Col A9 2& a9 @74 250°C o4 = a7}
HERES . 1000°C A 244 CuO/r-ALOs 9] CuALO,ol W3 £& $9 357 145°C,
200°C(185°C, 210°C), 250°C ¥ Ha%g vag 2y 25L& 37 r-ALO; 9 A3 HLd
CuO A Q& Cutolg, 7-ALOs 9 AF A2l Lol EAst: Cutole, 28 937 2 CuO
Sl gl Cu?r ol o] d3AZ £ ARk olH& AHE2 8 CuO/r-ALO, A A =) 9k
FEO AFE A3 ALl gler o 43 Ago] CuO/r-ALO;AS) Cut o] &g abgs Az
& T AT,

ABSTRACT. The metal-support interaction of copper oxide supported on 7r-alumina and silica

was studied by X-ray diffraction(XRD) and temperature—programmed reduction (TPR). It was found
that XRD pattern of CuO can not be observed up to 5.0wt% copper content for CuO/7-ALO; while
CuO/8Si0O; sample shows the CuO pattern even at 2.5wt% copper content. H,~TPR of CuO/y-ALO,
system shows four major peaks at 145°C, 185°C, 210°C, and 250°C. In the case of Cu0/Si0,, a
large peak at 250°C was appeared accompanying a small peak at 425°C. Comparing the TPR peaks
with that of copper aluminate which was prepared from the calcination of CuO/7-Al0; at 1000°C,
the peaks at around 145°C, 200°C (185°C and 210°C), and 250°C were corresponded to Cu ion
in CuO interacting 7-Al;0;, Cu* ions in defect sites of 7-Al,0; and Cu2* ion in the bulk CuO
layer, respectively. From the results, it was concluded that there is considerable metal-support
interaction in CuQ on 7-Al,0, and the interaction results in a stabilization of Cu* jon in the system.
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Fig.1. Schematic diagram of TPR apparatus. AMP :
Amplifier, LIN : Linearizer circuit, SW : Switching
circuit, T.C : Thermocouple.

& AAR gl 2%
F 600°C oA 30 & &<
A TS 2oz 2 R4 20 F9 He
ZIAE EHE F HellAE EFA7HA 4L
74A] § 2+ AZ ek Aol F 147 B9 H,
JAr 1A & &4 F ¥ 5°C/min 9 £% 2 600°C
7R £2E ¥ F9A A5 F347 H,
/Ar 71 A 9} Reference #& %73} uk2-3817] ore
Ho/Ar 71 418) A =EE 4709 filament & 7}
A TCD(Thermal Conductivity Detector) & A}
&3] vzt aA HYo] 4528 H, 9 48
=49t (600°C O;-H,TPR). A3} &5 & 33
RAE A FEF5 AUE Golrr] 918k 400°C
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A AR YAAZD F 2 LxoA 147 F
&t Ho/Ar71AE E8F F 5°C/min 9 22
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17 938led X-ray diffractometer (Rigaku, Gei-
ger flex) & A A X-ray 3|4 ¥l 23 & Jgio},
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Fig.2. X-ray diffraction patterns (Ni filtered Cu K,
radiation) for Cu/SiOp with various copper contents :
(a) 20wt%, (b) 7.5wt%, (¢) 2.5wt%, and (d) SiO,.

Cu0(99.9%) o] g XA 33 ~ded
£ 4tk Cufl X4 IAdHE 20=43.2°
50.3°(d=2.094, 1.81A)¢1A4 F =3& 2o
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Z dA P2,

AAAY 2o }E A 47 JAA &
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4 AF & 600°ColstellA] A4 FFA T,
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o2t CuO(20=35.5°38.5°) o] &3t H =%
o] &7} glom 20=35.5°, 38.5° o8¢ tha
203k e CuOF=aE A e dgtz
T ko]l AL Owt¥el HAFeEE 24 A
CuO 9] d=z7t QoA (Fig.2). ol 2] F
2l 98 7-ALOs 8 A= 5wt¥e] 33k
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Fig.3. X-ray diffraction patterns (Ni filtered Cu K,
radiation) for Cu/y-Al;Oz with various copper conten-
ts: (a) 30wt%, (b} 20wt%, (¢) 15wt%, (d) 10wt%,
(e) 7.5wt%, (f) 5.0wt%, and (g) r-AlLOs.
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Fig. 4. Relative intensity of copper oxide diffraction
as a function of copper loading on y-AlO3. Cu/ALOs
=quantity of Cu/quantity of 7y-AlLOs; Ico/I,-an0,=
peak height of CuO(26=238.5°)/peak height of 7-
AlLO; (20=45.6°).
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Fig.5. X-ray diffraction patterns (Ni filtered Cu K,
radiation) for Cu/r-Al,Os, calcined at 1000°C : (a)
50wt%, (b) 40wt%, (c) 30wt%, (d) 20wt%, (e) 10
wt%, and (f) a-AlOs.

57.95°) # =z $o] 20=31.5°, 36.77°, 65.24°
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d=2.82A, 2.44A, 1.428)o] 4 Az=$ =27}
ek (Fig.5). 10~30wt% H 9ol A& Cud
ko] Zrhgel] web a-AlOs ¥ 2= Fhastx
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Sl A2 IH2E(20=381.5°, 36.77°, 65.
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Az AL o2 vast 43 A+
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2ee 7128 RAolvh AR 2P & A
BEY JaE RAEd A5 Ja5Y &4 2%
7t 6z A FEEE G H@ed 90°C—
110°C, 135°C~155°C, 165°C~195°C, 205°C~
220°C, 250°C~270°C, 420°C~430°C o] 459
L5 99 AFees JaE: A4 da 1L
1L IV, V, VI S o2 533

Fig.6-¢ Cu/r-AlOs & 600°C ol A] A3} A 7]
F Hp/Ar71 A2 52 348 Aol ek. 5wt
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Fig.6. Effect of metal loading on TPR profile of Cu/
7-ALOs, previously oxidized at 600°C for 30 minutes:
(a) 20wt%, (b) 10wt%, (c) 7.5wt%, and (d) 5.0
wt%.
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Fig.7. Effect of metal loading on TPR profile of Cu/
7-ALO;, previously oxidized at 400°C for 30minutes:
(a) 20wt%, (b) 10wt%, (c) 7.5wt%, and (d) 5.0
wt%.
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Fig.8. TPR patterns of 7.5wt% Cu/SiOz in Hy/Ar :
(a) previously oxidized at 400°C, and (b) previously
oxidized at 600°C.

zolA YeEdz 3 allly) F 3 a g 7.5wt
%l Hgt 21 150°C (8] all), 185°C(¥] =IID)
210°C(# 2IV)8 &x6A 5=a7}t veyien,
Azl Ad Aok, 10wt% S 20wt% A Boj A
= 145°C(3] zID), 190°C(s) =IID), 210°C(HA =
IV) =&z 155°C(= all), 190°C (s &I,
250°C (2] 2LV ) el A 72t slage] Eytod
10wt¥% A sdAE Hzll, 20wt%A 5AE
(a2 VrE F gaxth

Fig.8¢ 7.5wt% Cu/SiO, A& 600°C ¢+
400°C ol 4] Ak3tA1 7l & Hp/Arr]Al 2 4234
g Astoldt, 600°C 43T & 9 Ag o
g aE 250°C oAl olF & Jart vhelike 425
°CollA H a9 EAo] AF et 400°C oA Akt
3 58 YT ALE 250°C o)A ke Fja
gk vhebget, el x Si0;e) 9433 Cud 5&
9 =3 Cud o & FA g

Fig.9= 20wt% Cu/7~AlLO; A 8% 1000°C
oA 2AAZ F & B4 AFolth AR
£ 600°C oAl 433 F Hy/Ar7 Az 52 3
A FEw = 185° ol A FAe =, zeja 425°C
oA & Fark desten 400°CellA AEst

5 220°Col A 3hte] dznt By

22 349 dz Vi 20wt% Cu/r-ALO; %
7.5wt% Cu/Si0; A 8o A F =22 Vepd & &
4 Az Cu/Si0, o] M3t Az e dE 1

(a)

H, CONSUMPTION

A

1 1 . 3
200 400 600
TEMP. (°C)

Fig.9. TPR patterns of 20wt% Cu/r-AlOs, calcined
at 1000°C for Shr: (a) previously oxidized at 400°C,
and (b) previously oxidized at 600°C.

29} A FF5, = 20wt% Cu/r-ALO; 9} 7.5
wt% Cu/Si0, 9 XA 33 =W E g3t
727 CuO 9 Aejz Edo] 4o &g &
T AtH(Fig.2,3). o] F AHAERNEH HaAV
E 2 g 9 Cu0AA, & I=4 g
of Y& Cut 9 3ol 7lUdet A=,
4 39 =l IVE 5wt¥%olA 20wtk

Z 233}E Cu/r-AlLOs A 8o A ttelyte.
v E3] o]F Aart XA A AdeddH
CuO Ao] HASA @& 5wt & Tk
AAAE EAE Aoz Bol AL A=z V
o} #¥sE CulO A= g Je 9 T4, A&
£ AAA g9 Axggo]l & Cu0Y A2
AR o ue FE A Qi A7
Ak, ol g Az Cu/SiO, Al A o] & 5=
7} 4AEA g2 Ao® Hol v A3 A},
1000°C o A} A A7) 20wt% Cu/7-ALOs; A&
oAl E43lE CuAlOy & Cu? o] o] 7-AlL0,
Az AFR F2EA C*t 7l F5E& o] &4
olv 3¢l Aele] wel Cut & A2Fo] EAY
Aol o]F9 & FAddar: vz r-ALOs
AR 2AG 457385 3t Cuol2Ed &
d LEE o &8A e (Fig.9). el A3
257t 2eFE 2 AslEst RE& Ao V1 H
22 600°C Oy Hy 52 FelA9] 185°C 5=
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1} 400°C Or-H, 52 399 220°Co =& Al
O: A8 A3 435 #g38tE Cuto] Lo 7]al
3% 600°C Oy Hy 52 449 425°C o=
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23 A= oy} 9= 1L IVE 22+ 7-AlLO,
o AA Ae] 2 gwiA] Ao glE Cuto
<5 Atz s

A7 I+ 5~20wt% Cudrake 713 Cu/y-Al
Oz Al A 727l Fol7t ot mE 43
53] 10wt% Cu g I/ A4S F FAade
& g ok AEd vkl o] r-ALO; Sle] F
27t gEAdd A4 o] &EFo] r-AlLO; Y R
go] FoiZ Hojv] = AR Cu0Y AA g
2 r-AlOz o] EAE Zlo|t}, o Cu0 &
2 2zt AL WE r-ALO; 9 A E A3
&S AT 277 AR we r-ALO, 9
o A3 AEL AR F52 Aol 43 A4
o] &l CuOF29 Cu?to]-o] 5= Vo o
SHIE AL 47180 #3211 r-ALO,
S} o=Ax 43 AEL 2E =277 FL CuO
A2 gl FQdete A A ojHE 44
< A @A A o A st 4
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2 & 5wt% Cu—7.5wt% Cu—10wt% Cu 9}
Tel fF Asel A AX sz 1Y =277 &
Ztgom {lAY 4 HoE YA =77 ¥A
8] F7tate] CuO 9 Fo] 4 Aoz 7ldsE &
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33 VIZ 1000°C oA 24 A7 Cu/r-AlO,
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7-ALOs Al A Cu7t r-AlO5 8] # Aol 5
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ArEA X
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2 118} V& 7-AlLOs 9] Al Al e 2 g4 )
g 9118 Cut, a2 VE CuOARY I
HA AR e Cut, z8z Az VIR r-
ALO; 9 A A< 9= Cu* b copper silicate
FEol AT FE o] LEY Aol FlQdeh=
Aoz A=}, '

'F o]o] AAA &A= dubg oz A
AAG 45 F4E st 3 ukg-Ao] ws}
g Aoy AF7A =T LS 7122 CuO
17-Al03 & CuO/SiO, ol 9] A9k S0 o
T A S et 2ol A= ¢
1. Si0; o4+ CuO 7t g8as AS2E CuO

e 2 EAht r-ALOs A E WA Tt

7-ALO; 8] WiAE Aoz AEFY F g
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