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B a—nT 10000C £C T2 ZLICk->T 0.8mmx 7mmxXx 7mm DKE ET 2.20 g/em?
DEEELOBEH LY WA FARBE LRI (1978 45 A 1 AZHD)

Preparation of Silica Glass Fibers and Transparent Silica Glass
from Silicon Tetraethoxide

Kan-ichi KAMIYA, Sumio SAKKA and Michitoshi MIZUTANI
(Department of Industrial Chemistry, Faculty of Engineering, Mie University, Tsu-shi 514)

Possibility of preparing silica glass fibers and pieces by hydrolyzing silicon tetraethoxide
Si(OC,H;), and heating at temperatures not higher than 1000°C has been examined. Mix-
tures of Si(OC,H;),, H,0, HCl and C,H;OH with varying [H,0]/[Si(OC,H;),] ratio from 1
to 29, [HCI1]/[Si(OC,H;),] ratio from 0.003 to 0.3 were digested into homogeneous solutions
by heating at 80°C, hydrolyzed and polymerized to gel by keeping at 30°C, and converted to
silica glass by heating up to 1000°C. The mixtures with the [H,0]/[Si(OC,H;),] ratios
less than about 2 exhibited a marked spinnability just before gelling in the course of
hydrolysis, which made fiber drawing from the solution possible. The drawn fibers were
converted to silica glass fibers by the subsequent heating. On the other hand, the mixtures
with the larger [H,O]/[Si(OC,H;),] ratios of 15~29 gave a piece of transparent silica glass
of the size 0.8 mm X7 mm x7 mm, for example, with the density of 2.20 g/cm® when, after

gelling, they were heated up to 1000°C with the appropriate heating schedule.

1. # =

DislichV i3 &B 7 = v FEKSEL, Bohb
FNEIMEG 5 Z LIz & - T 550°~650°C £} 0 sk
BWBETKY F MBS 5 2 2lE L7228, Fhilk
BRER WS Z L2 7 aaFxy FoKS#E & KR
TONMBIC L - TRIL Y 5 X AT 2RABEL R
EhTna2™. FELI, Kic Si, Ti, Al R Zr o
Fraxy ¥ FEE L LT TiO,-Si0,, Al0.-SiO, %
R ZrO-SiO, A T A ERML ™. FheT7raFxy
¥R DMK RO B CHIRIC 2 WARERREB T 5 &
LEFIBALCHMEEN AL, FhEBTsZ bick-
TERERDOH 7 ARBMER 15170,

ek, Taxy FprbREIhSE T T R, BEX
F/NBEIR, 74 A 2RB B WEBHERD b DIZR SN T
BY, KEONS X e WET B3 Ay b TLRAEEH
WABRENRD D LEZ BN TV, TE, BREE
ERHWDZ LR IAMRBIC X - TTES X AR B
Bt 5720 THEBWARE B om i2ET5) 0 ALOs
Si0,, B,0,-Si0, %1 Na,0-Si0, &4 5 2 B E 5T
w3,

A BT 5 A DEAMETH B SO, HFRiconN
Tk, YV 2rF S5 by FOIKSRIZY - TH
SRR SO, 2REI7 v R Lict, Bk L TARR
DFERAH T A LT HHFEDEFHES R TWSR, Ik
SMROFERB LN B F VBRI 5 720 TREIDFE
A )y 75288/ E LR, Flezorrax
VEEERELTYY IH T 2ABMEEB DL RV,
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Y arF b5z b F Y oMK MER O ST R
HxhTwing, Ti(OR), A LRI, &R LES
LTW3 OR D+ _THkE FEIcERT 3 Z Lidk
WeEzbhs. Thbb, Ti(OR), AN E L EE
T & » TESBIMHICERI NS DIZLELRER I DK
DERDINE, 20 OR 71T BSIKSEE321T,
FoiEE -Ti(OR),~O-Ti(OR) ,-O- » X 5 R ESRE
BTRERL, El2KOBBRERIVEVE SKRTES
FRERTHZERBESATHWEY™D. Zh b FERK
IV arvsF S b3V RNz sK0BICE - TH
METI AT 5 0IER R ESRES FIc b £k Y
HHFAERZOICHEALEZ BB SRITESTICH
B LS. ’
AERIZVYVaLF S bRV REREBEL, VY
HH TR EHED D NF—EL DDV Y B H T R ERET
% 72 9 DIKIREN EIC >V T DR TEs 2 B2 - b
EME LT T-T. 20izbERHcH LELLTER
X% 1~29 fEofEx 0 BOAKRO il L LT 0.003~
0.3 o~ nED HCl iz ThikaEL, Hiks
R ECOBBED 2 WAEEFAR. EB bR
PHAOFETEHERL, 10000C £ TMELLZ. 20
B, Mz iz A0BRBERHCH L EAERT2HEUTOLX
IZiE, IARSROE ECIRIRIC 2 WARIEBR 6, Bk
Ui 2 1000°C TS 5Ltk - TV B H
5 AMHERIED 2 L ST &, 15~29 50K Z Nz Thik
NELIZ L EBLABZERRS VE 1000°C % ThHET
ZZLIXVEE 0.8mm, KE XA lem ADEH
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FEEHo izl Va7 P bRV FEAVL
7o, Iz AAKOERFEEHCX LEALT 2{EL T THHh
i, mFATAI—NEEEE L THWSZ EIZLY,
BBMETEWCRL Y SWEEREIK L 7o - 7. b
R LEARLT2EOKORIRD (1) EY (2) AT
SRENB YO, YVarF I = bFEY RS kS
#, BAMEESEZERVELESI SO, &2 DILER

Blchics.
7 Si(OC,Hy),+4n H,0O - n Si(OH),
+4n C,H,OH (1)
n Si(OH), — 7 Si0,+2 n H,0O (2)

ZOBAEIIENICEEAKEL T, RBIce<{E
[ERR SN, il Ll U CHEREHRML 2V KR
BT LA P72, LaL, KOBBEAET2MHULE
Lidl, TFATAI—AEEEL L TLERTIHIE
Chabd, 80°C i, HEREMA T M THE
A7~y B EEN el

L7chi>T, BAERTITRTROLSIZLT, ¥
a2 vF bS5 bExVE, K HBEKOTVa—A2rbhk
BEAREKE DL o7, Thbb, FEl 26g LxFu
7 a—n 25~30 ml ZBHRBEBR O FABEEZS
Frm-on7 IRz Ah, 80°C iom#Liz. LT
% 1Rt X o, Fihox L etk HO) 2
1~29 ff, HCl #30.003~0.3 {52725 X 5 iC/KKR U
B ke HCl »56p5) &z, 54M» ALl
CLTARC HCl 0BiZv Y avF b7 xRV Fick

Table 1. Amounts of water, HCl and C,H,OH
added to 26 gram Si(OC,H;), for
hydrolysis.

No Amounts of Amounts of  Amounts of

' water* HCI* C,H;OH (ml)
1 1.0 0.0028 25
2 1.0 0.030 25
3 2.0 0.029 25
4 2.0 0.30 25
5 4.0 0.028 25
6 4.0 0.013 25
7 4.0 0.30 25
8 6.0 0.003 25
9 6.0 0.30 25
10 10.0 0.003 25
11 10.0 0.030 30
12 15.0 0.030 30
13 23.9 0.032 30
14 28.8 0.031 30
15 28.7 0.31 30

* Amounts of water and HCI are represented by their
molar ratio to silicon tetraethoxide Si(OC,Hs),.
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TBEALTHET).

RABHERY) e L vl — b — B LARET
NEL @B TRBYV, 30°C DEEMEFICKEL T,
NkSHE 2 fThR 7. IKSMEOHEITH B I » THIK
WeNEZ VRIS ML, AT E—2—DOK
X SEFBRERTS ML LB OESH 1em PLEE 25 X
HICBAE. RAWHE RR]KLSHLLTHRELLHE
L, BRELTHELHA L T MEETICET 2R
FIZHE L722S, e kKERBEZIRONEP-72OT,
KB PGB E AN — D — IR THZ LT LA
Pole. Eir, FAUIKET S BN 1~6 ATENZ
LEREET B LMz IADERD WA (No. 1~No.
4) THLREFH»S RNTHTHHHKOET HEHMT
DIMZTAKOBEIF LT, FELALEETEZETTH
D, RIFVBERETHILETLWERbh.

1, No. 13 iz oW TR b & Rk vibL
TeBOEEHN lem PLEICARD X5 LIEHAEDERD
EMCE lmm EARB L5 E—b—FOBRBRORE
T THETZERLIT - 7.

2.2 DR

30°C CHE LI-Ikic oW T F bl B+ 5% T
DA ORET, BEE6mm 0L 7 2ABEZEEL, Th
PR CRHEICB E BT A HE T 2 v AROREEZRS
To. VR ETRTIRIKD I RRME R KR LT,

2.3 S OERRUINE

K HRBLTEOh S L EHEHEL L, K&EL
BT Y B H T R BB T OFER R UG
PRILE. FAPRREERBZKRF=F AT Va— b
DRI E 150°~200°C THH S hicdd, Zhictf-T
FARc EBRAY, ARCENhD Z L BEr-T.
ZoEPEELT 2000C % T 20°C/day D@ ->< D L7z
HECHEL, £/t 0#% 150°C it W TRETT 10
BRI 5 2 L2 X » TAROT Aa— L ORHEE
RS ET-. IEL, T ZETo BEEKRD 1000°C
ETOMIME RT3 700 AT LR ZORERD
SO BE TR B b, DT, K&KHPT200C £TH
BMUTHERT 5 HERHEL L, REPT#eEL
TBET T BOUIBA L T BT 5 HER k2 LT
5.

200°C ¥ TR L7 F AL ZREH T 1000°C & Tk
Liz. hn#gpsix 250°C/h, 200°C/day, K U* 100°C/day
D3fEL L. 7L, L 200°C/day RUF
100°C/day & L7882 200°C 93 & 20°C/h X ik 10°C/h
< 200°C Xt 100°C 2 HREL, —REOREHRD
BHFEV 20°C/h X 10°C/h © 200°C Xid 100°C B
+5FHET 1000°C £ THIFL /2.

2.4 FHRI, X REH, BEORE

2L BB L 72 0 HRIMRIL O B B O X BRIEHT 217
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o 7. FHOMRIR A L7 b ix HASET M IR-G Bk
AorkEt & vy, KBr $2&[8kIC X - T 400~4000 cm™
OFHETHE L7z, X HEHTE CuK, #EHWT 20
25 3°~35° oD EHTRE #JIE L, LRIC X 5EEL
FRETELOW, Bz 20=5° LTFTo/MMcRT
SRELOKE & & EEMIC B L. B o BEE T
BUOAEHY, KEBEWRKE LT 27°C THIE L.

3. ER#ER
3.1 Y UHHSREHOHER
RLTHEBD 2 WREOFREL, Y UbETIZE LR
ABEZRYT. 21605 L51C, MR AKDEINTY
arF T b EVRIPLT2H/UT (=40, UTF

Table 2. Possibility of fiber drawing for the
mixed solutions of Si(OC,Hjy),-
H,O-HCI-C,H;,OH at 30°C.

Time required for

No Fiber drawing gelation (day)
1 possible 6
2 possible 6
3 possible 4
4 possible 3
5 difficult 6
6 difficult 5
7 difficult 1
8 impossible 3
9 impossible 1

10 impossible 5
11 impossible 2
12 impossible 5
13 impossible 6
14 impossible 5
15 impossible 4

Fibers drawn from the viscous liquid
formed in the course of hydrolysis of
the mixed solution No. 1.

Fig. 1.
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iR OFA (No. 1~4), 30°C THEHKIZ 1~6 HLIC
T Lic. ZFAALEBTICHEIRIT 2 WA ERL, i
EHiATHZENTER. B 1 Wik Loz Rt
MiHROESHSIZ HCl 0Bz -T, BLACEBYS
o7z,

KOBBELTYY a5 bS5 b2y FD 4527
5 & (No. 5~7), #ikix L HEEC2 Y, EvikiEL
PRI o7, BIRAKOEMHELT, 6 EIch
%L (No. 8~15) AL+ T 2 WhiERRTZ &/
CHERRICEMLL, FREIARRTETH - 2.

#ik LicfifEix 100°C/h o B e ¢ 1000°C % T
BMUTHLEIRED, a7 +52 ki, b
LOBRUEE 2> TWie. INBERRMEIZZ DB 7
-7z,

3.2 HERRUMRICLZFILOEIL

kSRR X VAR R L 2SR SEL L T &
7 (No. 1~7) 2ENICHE L TH L L HR TR
PWERBEEAY, PR O®EY Lo B
WL 6~10 fFok &Mz THRBLL 724 v (No. 8~11)
oWTix, EHOAYFZEDPD7R x5, No.
I~7T LRERUERAEZR L. Thbo Fridhskl
HBWEFHHE2 T 200°0C £ T HEHET 5 L FEicn e
D, 1000°C & Thm#FpARR L 4% - 7.

15 fFokEMLTHM L ¥ (No. 12) 3HIET
ENIZHE L TBWTLERS Z L3 2h -7, Hik
1 TERT 5L 2~3 FicElh7z. ThE 250°C/h o
BT 1000°C £THEL=25, bz bR LLE,rD L
SICAERAZ/INEK (9 1mm) DY L2272 Zhid
F9700°C L TOBEBETHFARBREEDO/NT LAY, K
T800°C THRIEL, EEHOXEEELLI 52
DBIDBREEZ DR, ERBEOMBGEEYEBL T
% (200°C/day) & 700°C fHEE T L EEMPADZE
BETHABHMET B2 L3 o 7. 800°C MHET Y
FUREIZHP L END Z L3720 7205, FAiERE
HTEDLEL BB E Lo TWe., 20EEY B2 iR
+.

200°C/day OBEEE T o i@ 300°, 700° KX 800
C THFLY) ZoREO—HERIHL, BIE LRI
WA= 7 b g B3 icRd. Ricid 1000°C (BEsin
BURE) FTMBALZRBROTHEROL Y & H 5 ADHK
ARRART AL RLTHS. FARIRARZ D
IENEREEIC X 28T, JIFF S X - THEShTY
5bDEFERLTH 7. T7obb, 300°C ThgaL
7z % DIzt Si-OH 0iREhizRE S5 960 cm™ fHE D
R — 27 B3BD S, ZORBBRFAVEEELDL T
B5ZLWBHB. ZORILE — 7 i 700°C Tip#k L7 3k
b b TFRIcEB b s A3, 800°C PA k< OH 23364 iz
DlanZ LBnB.
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| cm

Opaque silica glass obtained by heating
the gel (No. 12) to 1000°C at a heating
rate of 200°C/day. Note that it is swol-
len and has opaque feature due to very

Fig. 2.

small innumerable fissures on the sur-
face.

transmittance

silica giass

L PR : N n s
1200 1000 800 600 400
1

1 1 1 1
1600 1400
wave number cm”

Fig. 3. IR absorption spectra of the gel (No. 12)

heated at various temperatures.

K4z, FAFRRALZ M AORIEIZER L2 LR
Uikt X BEHTR 2R, IEWREEAS 300° Xix 700
°C OEITIX, 20=5"LLTD L ZAIC BRI S 28
L OMAEEL BROND A, MBYEEER 800°C LLE
OBAITIT/MAREIZE L /A,
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intensity

(] 1 L

30 20 10 3
2 8 (degree)

Fig. 4. Change of X-ray diffraction pattern of
the gel (No. 12) with heating temper-
ature.

ORI 27w LB X, 800°C FHETH b5
B3 A~DEEEPRI D ZLEZRLTWS., ZOKE
BN T T ADORAR L /NS> TVBZ EBXHR
EHFR L V43 5%. Hic, 800°C FBETH LMD “S&¥a” A3
BZHZEERLEY, ZhETFARLEH T A~DOHESE
ik, bbb -OH EprEIhD Z LICHitT5 L
EZzbhb.

No. 12D V251 TEERL, Zo%0 1000°C %
TOMBEE L Eic/h & LT 100°C/day L33 L,
800°C LT “B¥” #HDMx TERALY 7 2 2H
HZLWBTER. HF7AITKREEIR 1 mm BFO/RRIR
Lot BUAFL (No. 12) #5582 CERLIES,
ARETFEL CERLZSVEEDLDZ LiIRL, &
DEEIC X Y 2~3 FizElhied, ThE 100°C/day
BT 1000°C T+ 5 &, Hikl THEEL, U
HEET 1000°C % THB L 72FE e, XY KER,
Thbb, BAH2mm RADOKESOFEHRT Y
SAPBOLNT. TOHFADOEBEL 2.20g/m® TH
v, HROV I I FFTAOFNLIZERCETH - 7.

Zhbnz s, YWarshbsxbxy FERE
YL, ROV Y A H IR E/B DI, PRED
15 L EokEMA T ASEL T HBEFVERY,
200°C fHEE CIiBZ 2% 1 BB R OB T = —
NEFTIT, Eiz 800°C fHETRE 5 % 2 BED
Bt -OH Hicfkd “Hi” & 3579, 1000°0C £ T
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S D EMBG B LPRETHDH I LTz,
3.3 FRSUAHSAOAE : DUHHFZAHFDK
ZXcE 2 3KkRU HCl OFRMEBEOEE

3.2 HiTHANEORERE SN B 7 v #E L TR
OFBHAL ) B H TR EHBD DI, 15F0KkEHNT
BUEDOHD L4y -7z, HCl ofngix, No. 12
LRILEREL L, K0oEFXLVEL, bbbt
L 24 ROr 29 fEL LTHBMLZZ v (No. 13 RO
No. 14) %52 0B EEA L, 100°C/day OFEEET
1000°C & Thn#h L7z, FoOREE, HER 2.20 g/em®
T No.. 12 DBAE LR UL»rbBWIERLI I KREN &K
mm 5 FBHRS Y A F T AREL R, L LE
FTEROBEDEEL, Fhh 15~29 FOHFAN TITH
FIZxRohih Tk
AOFMEEFEEHCR L No. 14 LREIUK 29 5L L,
HCl OFMEE X VELH 0.3 FLA23 X5 LTHR
L7/ (No. 15) & k2 THEL, 100°C/day D
WG 1000°C % CHi# L 7-. B A iBhicEn
X L72AS, FOBOMBNC X - TiX, EiHE»<EhS
T ERAREET BT Th -7, 10000C £ TONE
WL PABHTH - 72 ZOMBIHOFRARIL R~ 7
FMRO X RETEE B 5a) KU b) iZiRT. Kb
RIN A ~27 h L Tk 960 cm™ ARz Si-OH g8hic X
- BRLN, ZoRkht 1000°0C THLARBS VIE
Erxb-TWaeE2ZLAS. FBEIX 1.73g/m® TH
v, ZILETHBHZ L ERBRLT X REFTHT 20=5°
UTONMBELREL R->TWS. ZOZ by
ayF SRRV, HIROYVY A H T RICILEK
THEBEELLHOHF A EES X, HCl 2£ HmML T

a)

transmittance

1 el it 1 . 1 L S 1 1 —
1600 1400 1200 1000 800 600 400
wave number cm’'
b)
2>
G
o
2
£
1 L
30 20 {o} 3
28  (degree)

Fig. 5. (a) IR spectrum and (b) X-ray diffraction
pattern of the sample No. 15 obtained by

heating to 1000°C at the rate of 100°C/day.
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————————

| cm

Traﬁsparent silica glass obtained by
heating the gel (No. 13) to 1000°C
with a heating rate of 100°C/day
after drying at 150°C under reduced
pressure.

KRS D Z L BLTLLRWEHTEARNISIE
bhs.

UEDZ L 2 ANICEBEL, mMT5KOEEZVY
2yF IRV RIRHLT 23.9 £, HCl 0E%
0.032 fi5& L, &K 800°C FHECORT La—k
VBADESSE2EL, ESPH lmm L7425 X5
#L7z No. 18 ¥k, ERFEk 2, e 100°C/
day AL T 1000°C £ B LIz. ZORER, BA
ELTEBRARTEIICESH 0.8mm, KEEH 7
X7 mm? OHERAES BRBHS Y A H T ZABE Lz,
ZOH T ADEEE 2.20 g/lem® Th - 7z.

Fig. 6.

4. = 2

Aelion 5%, vYYars5 Sz hFYFicELVHE

TR T fEDKE 0.0076~0.33 fE> HCl #hnz < sk
SRUTZRER, VU il SRIEEHFIRER LI &
WELTWS. KERICBWT, KoEZ6EHUELL
7z %2z HCl &% 0.003~0.3 fE0BITE2 T
YYIALFRIZFFY R-K-mF AT A= LORE
BRI IARMRC X > TERRICE(EL7Z. ZoZ &k
SKITEATPER L L E X NTHAB 2 LI T,
SBEOKELVED HCl ofihmt 3kTHEs > 58
ERDHBELEEZTINVIEERLTWS. Zhizxtl,
KOBEVVa L F RS bRV FOAEUTLET B L
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IASMREO®E ETHEIRIC A WAESBERS L5k Y,
Bz 2BUTOBRCRHABE LB T -7, £
WVHT2EROKIE, YYVarF ST bRy Fohk
SRR UBARES M52RE L, SIO, L2 3 DI bEiKkD
BThHD. ZOZ LBV arF o bFURY,
Ti(OR), LFEE>™®, DhnEDOKEMX TAKS#E
PirbehE, 1RkTd3 VWRESFROBMFEERL
TR LEXHZENTES. ZoAICHEL, REHE
ROSFR®IX, YVarFhb7 o bRV FREAMLT
0.5 fEnAk% Y HCl % 8.1x 10°*mol/l 423X 51z
MAT, TNEMKIMBLERBE A I e ST 7
4 —THTLIRER, SRR FRERLTWEZ L%
WELTWS.

KOBMB6FELLEIc/ 5 L, AHRO X 9 i 3RITLE D
FRERLTWSE LEZXONZERROSABELND
B, KOEM6~10 50 & XI2iX, FLIEED D VT
200°C £ CoOMBETEEO/MFICER, ThEKRERE
ALY B HFRADOTY H—%—L LTHWS Z L I3RHE
UThHD. KoBEE 15~29 L LTHFHYM L/ V3K
BOBETENEN 2~3 FicEh3BETHY, XY
BRIER S RTHEENAER LIz EZLR, YU HH TR
O H—Y—L LTOFH L 0ffiFHL TS L
wx ko,

KEWNFAEEESLZ LIz LTI, BwinTsko
EREBHCHR LT 16~29 o @ETIX b E h BEEE 2
¥, 72T 5 HCL o4 0.003~0.3 f%0 &N
TRRPIVEELLVWIIThH-T2.

HCl ofmE»Z 0L, Kt (O RT @ 0HH (2)
DRAGERRISEL 2 ) D IEDO X ABERT S Z LA
BRTWS'., ZOXKBEEZ BRBH 1000°C E T
L7 No. 14 L No. 15 #l#k¥ 5 &, HCl oifing
n%E No. 15 DS BEAETH-7c. ZOZLpbil
BROVY D HF AT 2EEZ >V I IHTAE
YVarF S b XY FOMKSEEZRL TES L X
izix, HCl ofihiniix KELAWFRRVWESIZBD
n5.

AEBRCHERM L7, No. 15 Pl&ho 7 it BRI oo BF
BENZL > THRESHT W B X Hig, 800°C AHET
-OH E#MBEENTRILBO/NEIN T T RCET S
Z b DSRAMIRI ST B O X MRIEHT I D ISR EE i £ 5 %8
L 54y - 72. 800°C FHETH VICEER DO EREAY b
e LR LEPO L5 IC b5 Hgus OH &
NErEENS Z L EEBEELRBRREDSH. ZOHRBPE
THZLIFYVYarF I bRV REREIE L, BER
Rk y PV RAEEOREHOBMEL WS Z L LB
FLEMBT 30 TABOY ) A5 288X 5 T
BLEOREEELRY, RERFVEESZZLIZS
WERRIhRQER SR WHETSH 5.
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AEEBRTIX, KEEALRT 16~29 Mz TB-F L
25, KESZOT7 ha—nRUOKBBRES D 200°0C {4
HEETOMBEED LY, POBET TV, TO%
1000°C £ Cof#hs flz1E 100°C/day DEEWEREE TFT
5Zkizky, 800°C fHETH “F¥w” 2WHIL, /N
TRHHZVFERARY Y AT T AREDZ LN TE. §F
ik, BT Aa— L ERBIC LB ONEESHK
1mm OF AL, EEK 0.8mm, KXX 7Tmmx
Tmm DYV HIFITARFRELN.

FAOTGIREME LICEEZhEL ) A5 AEIE
2B, RN, MBEMEEECELRF LAY
N BN, BFECER, FLofEME ks
M), 200°C % ToRREMKR O MBEM 2T
DRI EDIDDO—>DFRREEZ LD LELS.

5. & &
TFATAI—AEREL LTV a T I bF
¥ K Si(OCHy) , iz £ VT 1~29 fEROKKRUE LI
G 0.003~0.3 {0 HCl #hnz, 80°C TH#L THE
& LIBIRE AR LT, IKMEDOR ETORKD
AVAREEBRL VY NS BB SR
R, ELFAVENMALTYY AT AN 58

MEEF, UToRREBZ.

(1) Iz izKoED, FEHCHLT2/EUTTH S
L ERRIBG 2 2 0RMEERL, BWBHEEH AT
TEBRTEN. Thi 1000°C TG 2L HH
FTABMEL le o7z, L L, KOBNAEL RSB LH%R
WREEE 2 Y, OB LB O .

(2) KROBEH4FELUTOED 2 WhRHER, BOR
2% 0.003~0.3 fEDFFAN TIXBOBRICITEES ik
-7z,

(3) FEEHZHLT, EAEBT6~29 fFnAkE M7z
B, BHRENAMEDRE T2 WAREE T 2 &2l
FTRTERRO VLR 512

(4) 156~29 k&M% T AM L7z #BRRS V%
200°C £ ¢ 20°C/day OEEECHMBAL CHHEEL, FEicH
JETT 150°C Chp#zt L, #0# 100°C/day o
T 1000°C TG 2 Z LI VBHAL Y A HF R
@ ohic. ZobETH 2, B 0.8mm, K&
X TmmXxX7mm OFRAL VI FFTARFBEB L.
ZDHFRADOHEEZ 2.20 g/lcm® THh - 77.

& B OABIEo—E, BRI 52 ERESCIRAERIET
B (BEA, (EFE B X TTole. B#LET.
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ERREEEENEERETIRRIEH S X

H o & - ¥ F A
(B SRCHARERD

M RIERREY OB B L T 5 Fiby 5 2AREORMERERI L. BFEHRS v 3,
BEREER, TAI =T ART v Y, BERTRUBES M WEREE U TR LD ol % B
B Lie s 2R L. GoNich 7 2ofbEEERRiE Si0, 29.2~47.6, Al,O; 18.6~26.7,
Ca0 21.6~29.2, MgO 4.2~6.1 K7 Dopks (Na,0, TiO,, B,0;, MnO,, SO,, *nfh)
7.6~12.8 (wt%) OHFICH -7z, MBS L7 T 2k, HizbEoD diopside 245 T,
melilite #» anorthite HBWIZHO6DOEEBREIES Nz, LA L, 1000 kg/em? Pl o ghiF ke
PHETA BT S A& oniX, FFidEiEE LT melilite #HT5 5 R EZFTh - 2.
Cd, Cr BU* Pb OHEEAKRICHTAEHEIZ, bEOFTAXY LERET T ZDFR/IENT
EBRRHE . (1978 4£3 B 14 HZFD

Crystallized Glasses from Inorganic Waste Materials

Yoshimi TANAKA and Takashi KATO
(Industrial Research Institute, Aichi Prefectural Government, Nagoya-shi 464)

The possibility of producing glass-ceramics from the inorganic waste materials with no
additives was examined. Blast furnace slag, waste enamel, aluminum slugde, waste clay
and waste silica sand were used as raw materials to prepare the glasses which were sub-
jected to the heat treatment for crystallization. Chemical composition of the glasses was
located in the range Si0O, 29.2~47.6, AL,O, 18.6~26.7, Ca0O 21.6~29.2, MgO 4.2~6.1 and
total of others (Na,O, TiO, B,0;, MnO,, SO;, etc.) 7.6~12.8 (wt%). Melilite and/or anor-
thite, always with small amount of diopside, were identified in the heat treated glasses.
However only the glasses that precipitated melilite as a major crystalline phase were
converted into glass-ceramics, of which bending strength was over 1000 kg/cm? It was
found that the amount of Cd, Cr and Pb leached out in HCl solution was lower in the

glass-ceramics than in the original glass. [Received March 14, 1978]

BatEhTna?. BicVETIE, BFgha g 50% 2
EERLZRT Sy 72— Th 3L T 7 28t
OEREAEEBHD, BICER Lt H;{EIhTH3EY.
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