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ABSTRACT

Zinc phosphate glasses dispersed with a large amount of nano-sized copper particles were prepared by the conventional melting and
heat treatment procedure. Copper was added as Cu,O and SnO was added to obtain the reduced states of copper. It was found that
the precipitated phase was metallic copper from XRD and electron diffraction analyses and the size of the precipitated particles ranged
between several and 20 nm. The optical spectrum also showed a band centered at 570 nm, which is cansed by the surface plasmon
resornance of metallic copper clusters. The sizc of copper particles and optlca_} absorption increased with temperature and time for
precipitation of copper. It was possible o distinguish distinetly a only Cu™ ion with satellites in the Cu 2p spectra of XPS. The
BO/NBO ratios. obtained from the deconvoluﬂgn of the O 1s cove level spectra, showed that precipitation processes have little effect
on the structure of the matrix glasses. The Cu”" content exhibited a tendency to decrease a little during the precipitation process.
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Fig. 1. XRD pattern of 92(ZnO-P,05)-6Cu,0-28nQ(mol%)
glass heat treated at 400°C for 24 h.

Fig. 2, Selected area diffraction pattern of small metallic
copper particles in 92(Zn0O-P,05)-6Cu,0-25n0 glass
heat-treated at 400°C for 2 h.
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Table 1. Comparison of the Interplanar Spacings dj,; Obtained
from 92(Zn0-P,05)-6Cu,0-25n0 Glass Heat Treated
at 400°C for 2 h with the Standard ASTM Data

dy/nm
hkl
ASTM Observed

111 0.2088 0.2076
200 0.1808 0.1668
221 0.1278 0.1292
311 0.1090 0.1135
331 0.0829 0.0849
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(a)

Fig. 3. Transmission electron micrographs of small metallic copper particles in 92(Zn0O-P,05)- 6Cu;0-25n0(mol%) glass heat
treated at (a) 380°C for 35 min (b) 380°C for 45 min (¢) 400°C for 2 h.

Table 2. Size and Distribution of Metallic Copper Particles in

Fig. 3
Distnbution/nm| Median diameter/nm | Standard deviation
(a) 3~13 79 24
(b) 5~16 9.2 2.4
(©) 7~30 183 54
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Fig. 4. Calculated optical absorption spectra of small metallic
particles in glass.
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Fig. 5. Optical absorption spectra with heal ireatment temperatures and times. (a), (b) 92(Zn0O-P505)-6Cu,0Q-28n0, (c) 90(ZnO-

P,05)-8Cu,0-25n0.
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Table 3. Binding Energies(eV) and the Relative Amounts of the Bridging(BO) and Non-bridging(NBO) Oxygen Components Measured
from the O 1s Spectra

Ny(flow rate) Zn 2pys | Zn2psyy P Sn Cu 2py»* | Cu 2psp™ BO NBO BO/NBO
Base Glags®* 1043.8 1020.7 134.9 532.9(35.5%) 531.2(64.5%) 0.55
| Lmi (a) 10445 10216 ) 1344 ) 4870 95272 9323 533.3(30.4%) 331.8(69.6%) 044
min
(b) 1044.3 10212 | 134.1 | 486.7 951.8 931.9 532.6(30.4%) 531.2(69.6%) 0.44
2 Limi (@) 1043.9 1020.9 1339 | 4864 952.1 932.3 532.2(36.2%) 530.9(63.8%) 0.58
& ITHT
(b) 1044.2 10209 | 134.0 | 4864 951.3 931.5 532.0(33.2%) 530.7(66.8%) 0.50
A Limi (a) 1044.5 1021.0 134.1 | 486.5 952.1 932.3 532.2(32.1%) 530.8(67.9%) 0.47
11T
PTGy | 10448 | 10215 | 1344 | 4872 | 9521 0323 | 5327(302%) | 5313(69.8%) | 043
6 L @ | 10445 | 10215 | 1344 | 4869 951.8 932.0 532.9(31.7%) | 531.5(68.3%) 0.46
Imnm
()] 1044.4 10214 | 1341 | 4874 951.8 932.0 532.5(30.8%) 531.1(69.2%) 045
Melting Time
15 mi (a) 1044.5 1021.6 1344 | 4870 952.2 932.3 932.3(30.4%) 531.8(69.6%) 0.44
min
(b) 1044.3 1021.2 | 134.1 | 486.7 951.8 931.9 931.9(30.4%) 531.2(69.6%) 044
45 @ | 10448 | 10215 | 1343 | 4868 | 9518 932.4 932.4(31.9%) | 531.4(68.1%) 0.47
mn
(b) 1044.4 1021.8 | 134.6 | 487.5 9523 932.3 932.3(30.2%) 531.4(69.8%) 043
Composition : 92(Zn0-P,05)-6Cu,0-25n0
(a) No heat weatment
(b) 400 for 2 h
*Deconvoluted peak position
=Zn0 - P05 glass
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Fig. 7. Analysis of bridging to non-bridging oxygen by deconvolution of the O 1s spectra in 92(Zn0-P,05)-6Cu,0-25n0 glasses
before(top) and after(bottom) heat treatment. N, flow rate : (a) 2 L/min, (b) 4 L/min, (c) 6 L/min.
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25n0 glasses before(top) and after(bottom) heat treat-
ment. Melting time : (a) 35 min, (b) 45 min.
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