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Table 1 Commercial samples used in measurements
Symbol Sample Production Co. Composition or impurity submitted
ALO-1 7-Al,O4 Shokubai Gakkai SiO; 0.03, FeyO5 0.03, NayO 0.03 wt%
sansho shokubai
ALO-2 s 4 Si0, 0.22, Fe,05 0.03, Na,O 0.04 wt%
ALO-3 ” ” SiO; 0.01, Fe,0O5 0.01, Na,O 0.3, TiO, 0.01 wt%
ALO-4 s 4 Si0O, 0.01, Fey0O5 0.01, Na,O 0.01 wt%
ALO-5 v v Fe,05 0.68, Na,O 0.02 wt%
N63IL Si0, - Al,O4 Nikki Co. AlyO5 13, NayO 0.2, Fe;O3 0.1 wt%
N631HN ” ” Al;O3 28, NayO 0.2, Fe,O5 0.1 wt %
NaA zeolite Union Carbite Co. Si/Al=1.1
NaX s s Si/Al=1.6
NaY 7 e Si/Al1=2.7
Si0,-K Si0, gel Kanto Kagaku Co. 8i0,>95% ; for chromatography
C. G. glass TTT Germany 510, 65, Na,O & K,0 12, Al,O5 3, B,O; 7.5,

Zn0 6.5, TiO, 5.5, SbyO3 0.5 wt % ; for cover glass

sil D 773, 1073 K BERLIAD Si2p, Ols ® BE 2 h
€N 1033, 533.0eV —FE TdH 0, 24, 23eV O
FWHM (&R T34 0.2eV /N <5512, Si05K D
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RTIEZN 5D BE X 74.3, 1073.5¢V ThHo12. Ols
(& Aerosil LIRIUT#H B, Si2p if 0.6eV K 7.
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BUTHEETS AP & Nat OFHIC L2 50997,
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2.1,23eV Thotz. HRTNVIF (7r-48) 0L
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Fig. 1 Changes in the atom concentrations of im-

purities on ALO-2 surface with annealing tempera-
ture
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Table 2 Binding energies for silica, alumina, and silica-alumina
Binding energy (FWHM™)/eV
Sample T9/K ' Other impurity
Al2p Si2p Ols Na ls
Aerosil 773 103.4(2.4) 533.1(2.3)
1073 103.2(2.2) 533.0(2.2)
1223 103.3(2.2) 533.0(2.1)
SiOy,-K 773 74.3(2.5) 102.8(2.4) 533.0(2.4) 1073.5(3.1)
1073 74.2(2.8) 102.8(2.2) 533.0(2.2) 1073.8(2.7)
1223 74.2(2.0) 103.2(2.1) 532.8(2.0) 1072.6(2.8)
Cover-glass 74.2(2.8) 102.8(2.9) 532.8(2.0) 1072.7(2.5)  Ti,K,B,Zn,Sb
7-Al,Os 773 73.8(2.3) 531.1(2.9)
1273 73.9(2.1) 531.0(2.3)
1673 73.9(1.7) 531.0(2.0)
1773 73.8(1.7) 531.0(1.9)
ALO-2 703 74.0(2.5) 101.4(—) 531.3(2.9) 1072.3(—) Fe, S
1173 74.1(2.4) 101.4(2.9) 531.1(3.0) 1072.3(3.6) Fe, S
1373 74.0(2.5) 101.6(2.9) 531.0(2.9) 1072.1(2.8) Fe
1473 73.8(2.0) 101.9(2.9) 530.8(2.2) 1072.3(2.4) Fe
1573 73.6(1.7) 101.8(2.9) 530.6(2.0) 1072.1(2.3) Fe
1773 78.7(1.7) 101.8(2.0) 530.8(2.0) 1072.2(2.0)
ALO-1 1573 73.6(1.7) 101.6(2.7) 530.5(2.0) 1072.0(2.4) Fe
ALO-3 1573 73.5(1.7) 101.8(3.3) 530.4(2.1) 1071.9(2.4)
ALO-4 1573 73.9(1.7) 101.6(2.9) 530.7(2.0) 1071.8(2.0) Ti; Fe
ALO-5 1573 74.0(2.0) 102.1(2.4) 530.8(2.4) 1072.0(2.7) Fe, Ti
N631L 973 74.5(2.4) 102.6(2.3) 532.4(3.2) Fe
(Si/Al=5.9) 1573 74.5(1.9) 103.0(2.1) 532.7(2.0) 1072.6(2.9) Fe
N631HN 973 74.4(2.2) 102.6(2.7) 532.4(2.3) Fe
(Si/A1=2.2) 1173 74.5(2.3) 102.6(2.6) 532.3(2.4) 1073.0(—) Fe
1373 74.6(2.2) 102.7(2.3) 532.4(2.1) 1072.7(2.3) Fe
1573 74.5(2.0) 102.9(2.1) 532.6(2.0) 1072.6(2.2) Fe
SiOy* Al,O4 773 74.5(2.3) 102.3(2.7) 532.1(2.7)
(Si/Al1=2.1) 1573 74.5(2.2) 102.8(1.8) 532.6(2.2)
Si0,- AlL,O; 773 74.4(2.3) 102.0(2.3) 531.9(2.7)
(Si/A1=0.55) 973 74.3(2.1) 102.0(2.3) 531.9(2.9)
1573 74.4(2.1) 102.5(2.2) 532.2(2.6)
SiOy- Al,O5 773 74.1(2.3) 101.8(2.4) 531.6(2.8)
(Si/A1=0.22) 973 74.2(2.5) 101.9(2.4) 531.5(2.9)
1573 74.3(2.0) 102.2(2.2) 531.7(2.5)
Na*/7ALOs 773 74.0(2.1) 531.3(2.6) 1072.4(2.4)
1573 73.6(1.9) 530.8(2.1) 1071.7(2.5)
NaA 573 74.0(2.0) 120.0(2.0) 531.6(2.3) 1072.4(2.3) Fe
NaX 573 73.9(1.9) 101.9(2.0) 531.7(2.0) 1072.8(2.2) Ti
NaY 573 73.9(1.9) 102.4(2.0) 532.3(2.0) 1073.6(2.2) Fe, Ca

a) calcination temperature (K) in dried air; b) fullwidth at half maximum (eV); c¢) calcined in dried nitrogen

stream
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Al2p & Ols ® BE & <, Si2p & 3.5atom% D
ALO-5 THmbHE W 102.1eV 25 212, 158, Felpss
1 710.1 eV ({KIBHERIA T 710.7 eV), Ti2psp. & 458.7
eV, S2p 14 168.7eV @ BE Z/R L Tz,
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Fe OXMMBERFIIT N I OB EERE CHEAIIC
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Na™/7-Al,O;3 @ 773 K, N, HEERHAKIE O Na FKE0H
X 3.7atom% T, Al2p, Ols ® BE i hEFh
74.0, 531.3eV T 7-ALO; DZNH LD % 02eV &
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Is 32 &h 04, 05, 07e¢V L BEflI~¥7 F UL
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T, Nay0-ALO; B DB AL 1071.8eV TH 1. L
LO#ERM 5, Na¥ @ Nals @ BE 15 1072.4eV £ 0
= BEflicdh T, BEHOD Si/Al e EBHICEILE BE

BERRIE O EFICHES KEBO Sigp & O
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Nat OBS LKW BEEEZ LS, FED Si/Al K
i ERT EHRB XN S,
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Fig. 2 Dependences of the binding energies of Si
2p, Al2p, O ls and Na ls on C¥;

O: values
773~1073 K

measured on samples annealed at
(SiOy) and 573~1773 K (Al,Oq,
Si0,-AlL,O;); @: values measured on samples
annealed at 1223 K (SiO;) and 1373~1773K
(AlyOs, 810,°ALO3); @ zeolites; & cover glass
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Base site density(site cm=2X10-14)

0
SI/AL>? CRHRIICERT 5FRLL<HBELTL 0 1 2 3
27, Y. SEEKEEERD Nals b5 U 258 % Surface atom concentration/atom%
. s FBE){m <
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1) A. J. Leonard, P. Ratnasamy, F. D. Declerch, J.

w

X-Ray photoelectron spectroscopic measurement and chemical characteristics of
silica, alumina and silica-alumina. Akimi AvAME and Teruhilo Kitacawa' (Muroran
Institute of Technology, Department of Applied Chemistry; 27-1, Mizumoto-cho, Muro-
ran-shi, Hokkaido 050; 'Present address: Matsushita Technoresearch Co., 3-15, Naka-
machi, Yakumo-cho, Moriguchi-shi, Ohsaka 570)

Self-supporting disk surfaces of silica, alumina, and silica-alumina, which were pre-
viously annealed at 573—1773 K in dry air for 2 h, were analyzed using XPS. The
photolines of Si2p, Al2p, and O Is changed continuously with the surface atom composi-
tion, i.e., surface matrix, and the presence of impurities. The Nals binding energy of
samples contaminated by Na showed a similar behavior. The full widths at half max-
imum of the photospectra were reduced by elevating the annealing temperature. The
phenomena were evaluated as a size effect of the crystallite radius. Impurities of Si, Fe,
and Na in alumina and Fe and Na in silica-alumina moved from bulk to the surface at
higher temperatures than 1373 K, and were then deposited on the surfaces; most of the
Fe and part of the Na, however, were sublimed as oxides above 1373 K and 1573 K,
respectively. The Lewis acidity and specific formation rate of propionaldehyde from
propylene oxide on aluminas treated above 1173 K changed in proportion to the surface
atom concentration of Si. The basicity and specific formation rate of allyl alcohol

showed good relationships to that of Na.
(Received June 21, 1991)
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