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Basic Study on Intelligent Materialization of Glass

An intelligent material has ability to respond in-
telligently to appropriate environmental conditions.
However the intelligence of materials still is a general
idea. Therefore we have heen tried to create the
concrete intelligent materials.

The intelligence of materials should be realized
by preparing intelligent function defined basically as
cooperation of three primitive functions such as sen-
sor, processor and effecter (actuator) in monolithic
material. While a glass has, in general, high flexible
properties deduced mainly from high allowance of com-
position and based on random structure or
short-range order one. Furthermore it shows peculiar

“change of state” under the specific environmental
condition. The some kinds of primitive functions are
conceptually introduced by the change of property
deduced from the various kinds of phenomena found
in the glasses. Thus in the present study, we chose
the glass as a main target material expecting for the
flexible affinity and for possibility to find new
phenomena in parallel to uterizing the known
phenomena found in the glasses under the approp-
riate environmental conditions.

Main studies are as follows. 1) Study on build-
ing up the design concept for the concrete intel-

ligent glasses. 2) Studies on searching and synthesis

of the glasses and the amorphous films with respon-
sibility to the thermal and optical environments.
Here, we concerned with up-converrsion, thermoch-
romism as the known phenomena found in the glases
as well as trying to find the new phenomena in rela-
tion to photo-conduction of the glasses. These
phenomena are expected intrinsically as the approp-
riate primitive functions. As for the amorphous films,
the possible primitive functions are tried to prepare
in them related to hydro-environment. 3) Study on
analysis of phase separation and synthesis of the glas-
ses with regular arrangement of the phase separa-
tion region in homogeneous matrix glass. 4)
Dynamical study on structural change under the
specific external conditions by using a high temnpera-
ture in situ X-ray diffractometer and a high resolu-
tion transmit electron microscope in order to know
the relation between the change of state and the in-
telligent function.

A number of known materials are in fact ex-
pected as basic intelligent materials. The inherent
change of state of the known materials can be also
converted into the corresponding primitive functions
from viewpoint of the design concept of the intel-

ligent materials.
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Table 3.1.1 Batch compositions and upsonversion emission intensities of the sample glasses.

glass batch

composition (801%) intensity intensity
No. at~550ne  at~680n=
ZrF, BaFs LaFs AlIF; NaF InFs ErFs YbFs (a.u.) (a.u.)
1 3.0 19.0 3.0 12.0 19.5 0.5 10.0 2.2 1.1
2 37.0 19.0 3.0 12.0 165 0.5 10.0 2.0 3.8 2.0
3 3.0 19.0 3.0 12.0 19.5 0.5 7.0 1.6 0.69
4 37.0 19.0 3.0 12.0 19.5 0.5 7.0 2.0 2.7 1.0
5 41.0 19.0 3.0 12.0 19.5 0.5 5.0 1.1 0.33
6 42.0 19.0 3.0 12.0 165 0.5 5.0 2.0 1.6 0.37
7 40.0 19.0 3.0 12.0 16.5 0.5 5.0 4.0 2.8 0.66
8 37.0 19.0 3.0 12.0 16.% 0.5 5.0 7.0 3.3 1.1
9 340 190 3.0 12.0 165 0.5 50 10.0 2.0 0.57
10 43.0 19.0 3.0 12.0 19.5 0.5 3.0 0.78 N.D.
11 41.0 19.0 3.0 12.0 19.5 0.5 3.0 2.0 0.85 N.D.
N.D.: not detected
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Fig.3.1.3 Schematic electron energy level diagram

of Eu®*, Er®

* and Yb**
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Fig.3.1.4 Upconversion spectrum recorded for

glass no.2(excitation: laser diode beam

of 800nm).
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Fig.3.1.5 Dependence of upconversion emission
intensity on ErF, content(Zmol%YbF,).
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Table 3.1.2 Lifetimes for the glasses different in
YbF, content®.

glass YbFs Isso Toso Or Toso  Tiooo

No. (=01%) (a.u.) (msec) (msec)
5 0 1.1 6.2 5.4
6 2 1.6 4.7 6.1
7 4 2.8 4.8 4.8
8 7 3.3 3.64 4.1
9 10 2.0 4,08 2.9

% bmol¥ErFs, 12mol¥AlFs, # : at B0nm

O HEFEICRIE (T &) & TRV BT B Ry
F5NFE D (Tops Tor Tww %, T/, 31712 Er
AF L EXYDAF VDIINFE=-LNVEFDER L
NDHIZFNF—RBB(NPTIZET L ELRENRTND)
R A ZNETNE LD TRLIZ, Lo Yb OEH R
MmE & HIHRLTBY, Yo S HEOF s L
WEGLTWwWLZ Db hb, T2, Tu TeB L
OT & bIZYbDEME & B ITWDT AEMICH
D, Erf& YOO T AV F—A{REMEEIAT b
HbDEEZLNL, Lizh>T, Eri*H Yb DL
ANF—-DORBENE, RKELas, Ty 7raryNN—Tary
BRI R KT S 505, Br 205 Yb (fm@Es o
AINVEF =P ErIZFEEINL (FutA(d)Z &I
IO IHHEIEALLZbDEEZ LR, AlD,
Yb 25 —FD L AN F —IFRED L ) ICRkb #Ho72b
DEEZLNL, 2ZOL) RENIIEFIZDT L L],
GHDT v T A N= T a VSRR R E 2 bR
D—oDEtE B DERbNhb, 7z, YOF,
10mol% DI TEIGREIMET L TWAHDIE, Yb DS



HFADA 7)Y v NI $ 2 Hfge

*Hofa

s W
*Fs/a
iz
Hola
sl

3

()

w
4’\

T
i
|
|
| 0]
I
!
!
|
|

Fs/a

*s/a

il

|

Yufa

}
|
|
|
]
[
|
!
!

isfa

f\,—T— Fsla
|
|
|
|
|
|
|
|
|
!

als
Er h'd o)

Fig.3.1.7 Schematic illustration of the possible
excitation, emission and energy transfer

processes on Er®" and Yb**

FRETH L0, YhELOZ RN —fmEr A
L Yb—Er OF{mEMfl s iz & E 2 bb,
ErYb % BiEEIZEER T 57 vt T T AL
2EAR L — B (7930m /S 2 LT Ty S a v
N=Ta CEESEE R L, RERGEEEENICE
s LW EEBRBREOH L Z EDPr L 2o T,
200 psec FEFE D IV ZJETHHEBET 5 Z L ITERL
CEBELTEMTH 5, ERTIELERL -2 HH
L7228, BREASFR Cchid L = ci T
FROHEE N FEAE T B, T, —HIISH T A
AT DA 4 7 ORBINRFOWRIL, 14 0
D7 Bl (WAL F35) STl (A L ooE L L v
H120, BHHBEDOWAY—IE) &b o TRKS, L
72T, HTAIBI DAY —ROFIEE, fdit
BO XY v — TR - SO FEAE LIS WIEE
THoHLDD, JRCEEHB TN - e ks e
BAERTHY, FROICHFCFNRIER LICHFG T
Bo F 72, Yb @I K — 7 H793nm D 3 FR A% A E K
VRO T v 3 v N— U a v EHE LR R
FIRIREYH L Z EHWE Y, RIS S
FEANDOWRLIM BANDIEHIZERTH 5, IR
BIOWTH 2 % TH D WE 0TI, LaL,
BERE DS BAFICOTRBENIBS B /20, EOE

H BT EIRE D {, F/o, L0 HHEDOFHRIC
RN T34 2 L%, LB TIEERR
DHBHFNNEEBNICEL CEATE D L9 I2E) FH
RIS DOFRREDI M T E BRI E b H 5,

b) T IV IVERIE RS S A

X3.1.81%, LI (Er) EHI T IV IVERIEY 7 R &
EARL —HFOEE D 80mm)ic L VL o7 v 7
IUN=Da rBEEEROBENHART PIVOFITH
Do Feona At T ADSE L RREIZ540nm B
L O%660nm I Y — 7 955 B, 540nm R D5
IR ITHR Nz, fROEEE LTEsEs I,
X3.1.91, 7y FarvN—Ua VEEBEBRED

Emission Intensity (a.u.)

A

400 500 600 700
Wavelength (nm)

Fig.3.1.8 Upconversion spectrum recorded for a
Teo,-based glass containing Er,0,

(excitation: laser diode beam of 800nm)
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Table 3.1.3 Batch compositions of the TeQO,-

based glasses containing transition

metal oxides.

glass composition (molY¥)
TN-1 90Te0: 10Naz0

TN=-2 85Te0z 15Nas0

TN-3 80Te0: 20Na.0

TTI-1 90TeDs |0Naz0 + 8Ti0.
TT1-2 90Te0: 10Naz0 + HTi0,
TT1-3 90Te0: 10Na:0 + 2TiOg
TFE~1 90Te0, 10Fe:0;

TFE-2 95Te0: b5HFe0s

TFE-3 90Te02 10Na20 + BFeq0s
TFE-4 90Te0: 10Na:0 + 1Fes0s
TNCU-1 90Te0: 10Na20 + 2Cu0
TNCU-2 85Tels 1bNaz:0 + 2Cu0
TNCU-3 80Tel: 20Na20 + 2Cud
TNCU=-4 85Te0. 15Na,0 + 0.5CuD
TNCO-1 8bTel:. 15Naz0 + 2Co0
TNCO~2 85Te0; 15Nas0 + 0.3C00
PBCU-1 65Pb0 35B20s + 2Cud
PBCU-2 55Pb0 45B20, + 2Cu0
PB-1 55Pb0 458,04

PBF-1 65Pb0 35B20s + BFe;0s
PBF=2 B65Pb0 35B30, + 1Pez0;
PSCU-1 60Pb0O 405i0: 4+ 2Cu0
PSCU-2 50Pb0 508i0s + 2Cu0
pPsS-1 50Pb0 H50Si0.

PSF-1 50Pb0 50S1i0, + BFeq0s
PSF-2 50Pb0 508i02 + 1Feq0s
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Table 3.1.4 Shift rates and cut-ofl wavelengths

of the transmission edges of glasses.

glass shift ( eV/deg ) | cut-off (40°C,nm)
TN=-1 -9.0 x -4 361
TN=-2 -9.3 x -4 355
TN-3 -9.2 x 107 351
TTI=-] -7.3 x 107* 410
TTI-2 -6.9 x 10°¢ 404
TTI1-3 -6.4 x 107 3956
TFE~-] -7.0 x 10°* 549
TFE-2 -7.9 x 10~ 519
TFE-3 ~-7.2 x 107 503
TFE-4 -6.3 x 10°° 485
TNCU=] -7.1 x 10~*¢ 446
TNCU-2 -7.6 x -4 436
TNCU=-3 -8.3 x 107* 435
TNCU-4 -6.8 x 107 + 409
TNCO=1{ -6.2 x 10™* 386
TNCO-2 -8.2 x 107* 360
PBCU-1 -6.5 x 107¢ 435
PBCU-2 -5.4 x 10°¢ 418
PB~-1 -7.2 x 10°* 352
PBF-1 -3.6 x 10™* 576
PRP-2 -5.8 x 107* 472
PSCU-1 -5.5 x 10™* 472
PSCU-2 -6.2 x 10™* 446
PS-1 -8.0 x 10°* 367
PSE-1 -4.3 x 107* 563
PSF-2 -6.5 x 107* 463

The error was estimated to be <% 1% for the shift

rate and <% lnm for the cut-off wavelength.
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Table 4.1 Betch compositions of the glass samplesof PbO-B,0, systam

PbO B20s
glass
aty Bol¥ gtk aol%
A 3.14 1.0 96. 86 99.0
B 5.43 1.76 94.57 98.124
C 9.02 3.0 90.98 97.0
D 11.78 4.0 88.22 96.0
E 14.93 5.19 85.07 94.81
F 19. 44 7.0 80.56 93.0
G 23.08 8.56 76.92 91.44
H 26.27 10.0 73.73 90.0
[ 30.42 11.0 69.58 89.0
J 34.29 14.0 65.71 86.0
K 36.13 15.0 63.87 85.0
L 38.78 16.5 61.22 83.5
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. Ba0 B20s
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Bol} ath Hold wth
A 1.0 2.2 99.0 97.8
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D 4.0 8.4 96.0 91.6
E 5.0 10. 4 95.0 . 89.6
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Table 4.3 The analyzed compositions of melts A and E bofore and after the melting for the

observation of the phase separation.

before melting

after melting
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Fig.5.3.1 HRTEM image and electron diffraction
pattern of Pb particle percipitated on

SF6 glass by electron beam irradiation.
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Fig.5.3.2 Example of dynamical TEM observations of Pb particcles grown on

electron beam irradiation for 10 min.

the SF6 glass
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Fig534 Microstructural changes of Pb particle

1/6sec. Shift of twin plane indicated
by arrowhead 1is clearly observed.

rvation of the phase separation.
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