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H1: 1Y A7 NVORIKEREOE 25
1 EOEITEE (A1 10km/h, %iE
10km/h) D) 5. Okm/h (FHE), 5.0km/h (1) TEXZEWT S &K

* 1Y A 7 80 OFEERRIL,

ELT

A:HLHL (D—»®—®) : (4n+ 5m) +5.0km/h=6.5F= 7%

B: X7k : 3%
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: %1 (®—0) : 10m+5. 0km/h=7.2 Fb= 8§

X TR 3F

19 A4 704720 oE¥EREE (A+B+C+D+E+F+G+H)
=7TH+3B+7TH+30+11 B+ 3+ 8B+ 38=45F

C : % (—>0—®@) : (5n+ 4m) +5. 0kn/h=6.5 = 7
D:X78%: 3%

E:#LHL (@®—-0—-®) : (4n+10m) +5. 0kn/h=10.1 =11
F:X789%: 3%

G

H

4) 77vAN—F (EW) SEOERKRSIMERTER
BRIRVESEICBE T D ERDOBRIKEF# 258 1 RERUE 2 RITTT, BlBOLE
D#) 7 R TERRIKDNATRETH D Z & 2R L 72,

1R KEMNREAOI X D RIKEFHEHE

B R (9 m) i REARE B HE (km/h) PTERFH (43) #AH (5)
- 360 B 4.0 6 6
@-@ 260 R K R % 0. 30 52 58
a—-© 260 HEEE 10.0 2 60
@-6 480 R K R % 0. 30 96 156
6@ 150 HEEE 10.0 1 157
@—-® 340 R K B 0. 30 68 225
(Od®) 490 ERBE) 10.0 3 228
@—-® 210 [EPREES 0. 30 42 270
@—-® 250 ERBE) 10.0 2 272
®-0© 560 [EPREES 0. 30 112 384
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2% KEMNREROI X D FRIKEFHFM

X [# HEE (9 m) [ REARE B FHE (km/h) FrEEief (49) #HE (4))
O—-@ 160 R R e = 0.30 32 32
@—-0 160 EBEE) 10.0 1 33
O-@ 300 R R e = 0.30 60 93
-0 50 HREH 10.0 1 94
B-® 520 R SR B 0. 30 104 198
®—-® 50 HRE® 10.0 1 199
B0 30 R SR B 0. 30 6 205
0-® 210 HRE® 10.0 2 207
G-0 430 R SR B 0. 30 86 293
-0 50 HRBE 10.0 1 294
-0 30 R B 0.30 6 300
B 50 HRBE 10.0 1 301
O—-® 270 R B 0.30 54 355

LA
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FEER—19
BT KT X B BRI DRI OV T

BT AIE~ T~ BIRETHKILUTT R, GfERAICTHERRINS D
DTHY, BETDIKZEY, ERFERPERDZ LD, HEEHR3
FCHRETHKILOEMTHEREZEHRL, BT X DEECREORE
WZDOWTHER L7,

1. BT KEEORER
(1) KA Z =2

BT KO ERDTHHKILUT T R, T FIEROERBED~ 7~ 3
KEERKPICEHIND Z LICL28HRBE - AL > THE&bTET
WZHEREN LoD TH D, MBEDOEERT 7T DKIUTT ADERSH
w1 RITRT,

FE1R MHEDOT 77 DKIUH T ADERSHE (%) *' FREILER)

7% it M sicy | Tioy | AL ] FeD* MeD MgO Ca0 NaO | KO | N EHR r.'?“‘; ik :
Ke-Hb | @EilEaemI (o | 780 04 | 120 16 01 0.3 15 43 B |les |0 |w |8 K‘C E E%{'E%jj)[/jd 2
M (pa) 782 | o3 |ne] 15 o1 03 15 ad | @Sz |0 | w|W Spfa-1 @ =Z3 7112
 (pih) [LE 03 | na 15 (i3] 03 14 13 a2 o|wl|as T ik
| g (i) 781 | o4 | 1z 15 0l 03 14 12 7] | o |wlas Toya . {IEJ:E‘IS jj o
| WAty (it TR 04 | 121 16 i1 ns 15 87 18 g | O | W a
| 1) 8 pa | 123 15 0l 03 15 4.1 Tl 0| WwW| 9
i SIS (pfl) TH3 04 | 120 15 0l 03 14 4.2 Tl ®| 0| W 4
| “FET T84 04 | 121 15 0l 03 15 35 8] %8| 0| W 9
| 3 ety TRT A 12.1 15 0 na 14 as 16 22 O W g
Ke-Sr i%tri:‘.‘?ﬂél'ﬁlll ()] 7R3 03 | 121 14 00 03 16 40 tj22|0|Ww| 8
| A (pf) 183 D | o122 14 0l na 16 38 1|l o r
| BA 03 2.3 Id ol 03 1.7 3.6 20 0 (4]
(eSS (] 7R3 0.3 120 14 [i§] 1] 15 42 q | O
TYPE TH5 03 | 121 13 W 03 13 37 24 0| A
MR9S-K04, PC2, § 784 03 | 120 14 a1 0.3 14 35 | st | oA
MR8 03, PC-1,4 7148 0a | 126 130 03 1437 25| 35 | A
MRO9-K04, PC3, 1 790 0a 1.7 1.4 00 02 14 35 p | 20 | A |
Spla-1 | MLELET THA p2 | 125 15 0 02 1 a7 3 )
( TBA 0.2 123 14 ol 0.2 Bl 3.8 'y i
Spla-1 784 0z 123 1.5 a1 0z 15 38 W |10
ira 0.2 13.1 14 an {2 14 35 B 8
THE 0z | 125 1.4 a1 0l 12 44 w |13
T80 02 125 L5 Ql 0l 13 a8 W |13
785 0.1 124 L7 {1 02 1.3 a6 W |15
T84 b2 122 L5 1 0.2 13 35 w |18
TTA 0z 128 1.6 1 0.2 14 X w |15
T ot | 120 16 ] 0.1 13 36 w |15
783 0.1 123 15 1 0l 13 aT W |13
T4 02 12. 14 i1 0.1 1.3 ah W | 1a
Tova T892 0l 125 1.0 01 0.0 04 4.3 w B
763 an 125 09 ol 0.0 04 43 W 5
782 | ot | 125] os ot 00 04 46 W |5
785 0.0 125 1.0 0l 0.0 0.4 .0 w 5}
TRY ol | 125] o8 01 00 04 45 W |5
788 | 01 ] 18 o0 00 04 1.2 W | B
| 783 0l 125 0.9 0l 0.0 04 &k w &
783 o1 | 125 m 0l 04 51 W | &
745 0.1 128 Lo il 00 0.4 4T W L
769 0.1 127 1o al 0.0 [IX] $.2 w 5
740 (K] 1 1o i iR na L2 W B
s T 793 0.1 127 Lo 0l 0.1 04 4.0 W 5
RRET T84 01 | 128 1.0 0l 00 0.4 43 W | &
EHETN LS T44 01 Li27] o9 01 00 04 39 W | '8
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BEDEERT 7 7D KIUHT T ADOERSMAIE, Si0, 2358 78~80%,
AL0; 2357 12~13%, KO 23511 ~3 %EBEOTHMBEATHIZ L 2R LT,

(2) IEER

SWFESR X, HHTFER O~ S~ Prx lhA S5 BR CRab LcEs
g Thb, EEOEERT 7 72T 2HMMAITE 2RITTRT L O
[, (F5 - B Ha, ARAREEN WD I L 2R L,

72, HREFOET KHORETIE, ERFHE L THTELGROAR
A ZHER LT,

Fok ABEDT 77 OXEREW™ (R, FFILER)

koW X o2 opx ho,cum | ; - .
T 47 o t n? LR
I {opx) pen, bw 1.455-1408 | 1.758-L76 | | Tl TSR,
| (1.456-1.407)
T lops, e p L4B4-1458 | LTI1-L76L LEM-1,684 I, eulite 124 8
1.458) imodal
(1.758-1.761
LTI-L129)
pf apx, cpx. ho: gt B L501-L506 | 1.729-L735 L6288~ |60 | B i )
(1.502-L.308)
Spfa. (hol pm, by 1.501-1.503 LES4-1.688 WILHRYE
Spla OpX, CPX pm 1602~ L60G | LIZ-L781 | ST L
(1,503~ L5040 |
Ke-Hb | (opx} bw 1507-1508 | L7D6-1.711 | Lk BT
Ho-Hb | o, (epx, b 1.501-1.504 Ak (BT 7w
Ke-Hb x, epx b 1502-1504 | 105-1T00 | | ST, AR
Ke-8r | opx.cpx pmBhw 502-1505 | L707-L710 FIHATIERS
| (1.603-1504) | (1708-1.709)
Ke=1 apx, cpx., (o L509-1 504 | L907-1L700 M EF+ v w4 NL R
1.707-1. 7097
Re-2-3 | opxoepx 1508-L508 | L707-L710 | EEE
1.606-1.508)
| Ke pX, Cp bw, p 1502 LEOR | L707-L710 | oo, A
| (1502-1505 | (1.708-1.704) |&E

g s Rk ¢ FL
< opx : FHFRER
* cpx ; HARHRLA

s qt : gk
» ho : BNA

2. BT DOHEZONT

(1) EEfE

(& T K P IZBRE T V2 =0 AOFMEPFET 5 WREME IR D TRV
(WA —12R), —F, BROEBIRTARMOBEEDOKELZT D
Zinh, MREFT CTHET DT KW OB OV THERR 2 i LT,

a. KU 7 R

KIWH T ZAOBEIZOWTIE, BREBRETEKTIZBIT B KLUTT X IZo0
THEZ2EBLTEBY, F3IRITTRTETREMAM (S0, : #73%, AL0;: K9
14%, K0 : 83 %) OKIUFTTFRIFEARIITRTLICE—RABES THD

Tl aHERB LT,

ZAVTALHERE D FEERT 7 T OKILUH T ADFERRERR (S10,: 5 78~80%,
Al0s : $912~13%, KO0 : 91 ~3 %EHE) LUBL THREREEN LN
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S, HREFTCHEETAKILUTT ADET—RAFEELREICSBRELE X

b,
FIR KIUH T AOERIMMK FRETBERE) *
Chemical compesition (wt%) Mineral ccmEonent (wt9)
Si0, AlLO;| CaO MgO FeO, TiO, NaO =KEO P.0; MnO igloss Total Volcanic glass Crystals

72.73 13.69 | 1.44

0.23 1.82 0.18 3.46 3.42| 0.01 0.06 3.16 100.2

78,55 21.45

b. gLkEs A

AR KIUTT7 A0S (FREULER)

| Shirasu glass | Crystallized glass*
No. 1 No. 2 No. 3 No. 4 No.1 No. 2 No. 3 No. 4

Sperific s
gravity 227 277 2.1 2.7 2.9 2.78 2.719 2.78
Hardness

(mchrs) 3 5 5 5 8 8 8 g
Softening over

L over
point(T) 873 868 875 870 1200 1170 1180 1200

+Heat treatment condition No. 8

BEDOEERT 7 TR 530 e O ERT B PN K OVECHEJE 2 0 HUE
HEOEEN ORI NIESSEWIX, 7, (BF - B i) &6, ARG TH
5, BEETIHOET—ABEIIES, 6 RIIRT LBV THY, HRAEITHED
E—RABEET7TH D,
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HBOXR EEILMOEES (GREHIBRE, ANREFTHEE)

T
i £ (EH) L% MR EPERL w el kE % (k4 '[&ﬁ T 4 A |1-! &‘ B &
FHE#3 0 (andradte 3 7 : - 4
syt o d W Bl b | & EET (uscovite-2) [ & [RATAB:0.) 01, 7 ’Esisﬁ 23
B2 OAPS DB lnarnvts) | % | CaCnlsiod, 8 £5&i} (plogopite-IM) 2| RMgsl A0 (OH ) 2~25 | 28~30
# 8e3 ¥ (aircon) T | 78, 75 47 2407 o7 @REEO—K cinoctiose) | B | Mgy (M, ADa (S ADOW(OH), 2~3 | 23~29
4 4 W tsibimanite) B | AL0MSI00 7 L 7 ¥ ¥t {prehnite} B | CapAl (AISIH00) (OH) 6~65 20
:m:;m! x :ﬁm 4‘:'?5_ :E | 21 2 b SAT (eristobalite) iE | Si0, 65 23
- &1 = 3 -~ [ o ' - s
796 () I | (e, ) A0 (S ADORMOR), | 7~75 | 37~38 h'} : :‘,‘0’ 7 23
+ /8 (ropar) £ | ALSIOJF. OHl, 8 ‘25 pgacts) ] 0: P |
8T WER Wake) | | CITIOMI0) 55 | 35 =23 (evesite} | si0; 75 3
= b (gehienits) | CaAISIAKY) 13 3 #184 {opal) 9 |8i0qaHA0 G5 21
P [erroaninite) = | CopFeAl S0 (1) 7 3 TEET (orthecinse) B EASL0, 6 26
1= G lawsonite) B | CaAlS,01] (OH HO ] a1 =74 ¥ lsanidine) 3| (K, M) AIS10s 5 s
BEE (hemimorphits) B | Z0dSa0 OH) 550 455 25 44957 (microctine) ey ¥
M2 L 5 (clnsaoite) | CaulSi0) (520,001 3 23 xR = |KAISL0, L] 26
ML > (apidnen) 1 | CaFe ALSi0) (540 OTH) B | u WRE lgw-albite} = | NaAlSi0 § 26
£ L % 5 (plemanting) ¥ | CoMa™ ALLSIOS (51,0, OO} 1 ] PR lanorthite) ‘E CaAlSh0, 6 | 28
B L > (zoiaite) B | CapA(Si0.) (504 QIO (1 33 A 37 (nepheline) 0 1 (Na, K)AISI0, E5~6 | 26~27
4171[5(«1;\01:“(& IE |Cosl Fo Mg WSIOJJSLOMOK .0y | 5~85 | B4 EUST (L) (eucite) ‘ T | KAISEH0, 556 246
LTS [bary! A | Baghli S0 4 27 . o8 . -
e S FlE | w7 | enwson as|
SEELE (schorl) B | NaFe,ALBOY),SiORIOH, 1, 95 | ar tites is5in) O 4,0 4 23
Kb i osumilite) # | Nl (Fe. Ml (AL FO{ LS00 B0 7 26 B (hewlandite) ‘! (Ca. Nan, Kobos [ALSE)OR 21O | 88~a | 20-23
RAME (enstatine) B | MzibiaDe 55 32 ¥ = ¥ #0 (natrelite) | B | NaplALS)010-BR0 | 55 23 |
AT (diopside) # |CaMeSi0, 6 33 R RS
A7 8UE (sedenbesgive) i | CaFe®sis0 L] 3%
B | (Co Mg Fo, AL TS, ADO, [ 558 [] 32~26
=3 [ madaate I N=ABRD, T 3%
231 2B Lae girine) B | NaFeSiOy | & 1
14 B (vvaliastoniie-14) = | cusity 15 29
#2302 b 208 loummingtonite)] 81 | (Mg, Fe) 30408}, 6 5
LD (anthophylite) | (Mg Fel-Su0A0H], 6 al
EEPY T (eninolite) i | CadMp. Fe)sSi0=AOH): 6 a1
FEAE (oreblcade B | CadMe, Fel Al MO O, [ 5-€ ] 30~35
T T B | Mg ALSHO=A0H) 3 a
2444 b (haolluies) = | ALSHOWOH), ~z | 2
FeFT T b AR i) 8 | Mg 5,008, 254 | 24-28
W28 (pyrophyllite-14) - =] ALSHLOWOHY, 15 L]
B {rale) I - = | Mg, S5 Cul OH 1 27

UEDZ L6, AREFR CHET 5B T K DE — A REE DR KMEIX 7
BETHD, iz, —BH2ITRE, B, ERESERS™ ELTRY,
WOE—ABELRENRKKCTTRECTHLZ LD, RIE~DOEEIIW L
RI%ETHDEE XD,

(2) mhAz
B T K RICER LS U U LA OGP TEET 5 "IREMEIIRR O TE W ORA

gE—1238), —F, BROXEBIRTARYMOBMROEELZITH &n
b, {BFRERTCHRIET 5T KM DOBARIZ O\ THERR &2 M L 72,

a. KIUHTZ =R

KIWWAZ ADBFEIZHONTIE, BREBBREATICBIT S ALUT TR0
THWP2ERLTRBY, B 3RITTRTETLHEMAK (Si0, : $I73%, : ALD, :
$14%, K0 :#3%) DOKILUF T RIIH T00CH 6407 AREHB L, BLE
BIXE4RITRT L OIZ868~875CTHD Z L AR ON, ZhiddtisE
WBHEOEERT 7T OKIUH T ZADOERAHAL (Si02 : # 78~80%, A1203 :
$912~13%,K20: %91 ~ 3 %f2E) L L TH RERERNR LN b,
AREFT CRET 5 KIUT T A DOELIBEIXFERIZHK 860~880°CRE & & %
BB, Lo TKIUTTZ ADORMEEEIX80CLLETHS LHEINS,
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b. FES T
BORER XK ORI TH D L b, KA (w7 ~) OfA L
FHELEZOND, KREDPHRITEE6RD LBV 850~1200C* TH 5
TLamER LT,

6K ERSNI-GEAEORE LAMEMRET (RITE, WREH &K

D ) — ! ﬂ
X t "ok i el (‘t:r)E log*:;(PEs)
) 1940 TR 1000 5
SR (P ERE) 1950 » 950~1 100 5~6
v 1951 7 1150~1 200 2
3 1946 #ZIlE 856~1 000 6~8
B EE - 1970 # 1090 —
IFIHT L 1945 FAYA b (EEEILE) 900~1 000 8~10
HNyz54 1045~46 | TREAEINE 1070 4~5
Tk 1957 ERE 1110~1120 3
# 1971 # 1050~1 100 1~2
= & = | 1959 NAHFA b 1180 2
b4t a=bd 1950 TR 950~1 100 2~3
FTUIT($TVIT AF) 1959 2 1120~1190 =
# (vhF7e) 1965 ” 1135 2
» (EVUTH) 1955 # 1100 2~3
AMoiEsE (em) (7o 113)* LM (Fe, TiBE) | 13% 0
* R B,

UEDZ E0G, HRERT THRET A T X ORRIL 80CLL ETH S
LEZ NS, KIUKOMBOEEZONT, T4 —ELREEEED Y
A PHLHEH SN A HER T ABERK 5000CTH Y, V) X NOE&RBEEST
WIET U U FHEAKRERER b GHIAERBODRICE VHHIINATNS
TEEBEZDE, KLURIIMRIIELRNEEZD,

. G

(2% 3CHk]

X1 : BTHEE - FHEKR, i KILKT v 2 [BARFIE L FOEA] , R K
HiIRZ, 2011, P160-171, P283-284 (BIFREEI— 1)

X2 fERMEZ - HEH= - REIGE VT X2 EERE T ARRILT T R, B¥
waEk 84[6], 1976, P32-40 (BIREE— 2)

X3 HEMER, BN KA & 91 i, SRk 30 4, P668

¥4 /NHEE - BALEIZ), BRIFORIK - RSB0 B T 2B RIE
TREICET A, & ER, 19-2, 1971, P7 (BIEEE— 3)
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BATER— 1
B T Kk O E LRI BRI ONT

T kB O ETTFRMARIZ OV T, BB (Si0,, Al0s;, K0%) OEEY
ELTRENTWVWAZ ENEW, ZNOHDETEMRBRITTEEIZONT, BL
ToOmERzZEEH LT,

1. BTk OMKIZET 2RAE
Xz kB L, v F~Ic X B kA E oL 2EMESY (FE1XSR) %
RLTEBY, GPMOZIBITAI =LA ) UV AERZSTLFEHKEZRL
TW5, ZNHIEL T 7 ~OREBH2RIEFMEK B 2RSHR) 277 LTH
D, XTI, AT LS REHLIH S,

- KL OHRIIBEH O TR LENLD EWVWa T, BRFIZEBWTELY ORIt
MBPLTLHLEFDEEDRETASTWNE I LEEBERLTWA DI TIXARV,
7, KK (7<) ITBWTHLE 2 DOBBIEMNRFDOEEAVIRL - TIiIV 2
AN
BEM DI TR LT=DIE, 1o AR D0 ER EOFIK N6 L 2EEMNRLOT
»H5B,

BLIR KEEZE O DERIBIY OREH™

s | B W £ | t & # %
155 3 | Si0,
) IR
| Sils
-t :3‘-:.’5'-E|-I Cay oNay.1Aly. 1Siy. 104
w1
s 2 D6 | €K, Na) AISiOs
WRTE | 27U | NaaISiO,
- SR} | K (Mg Fe)s (A1Si0w) (OH)s
! | B | KAL{AISiOw0 (OH)s
T
s SR | NaCas (Mg, Fé®*, AD (S, ADO=(0H),
e ] (Mg, Fe™)Si0
BT winE st
HEWGL | (Ca, Mg, Fe™*)SiO,
X{BZER | ZAwr 74y | FehALSHO:
B A A """""J i AT | (Mg, Fe**)4Si0,
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FoR ~r~ (KEAE) ONRERREMER (BALIIEREY) ™

L ) LSEE ST M

I

P 15 [}
H:O 1.16 7 3.5
F_ 1 §isa 0 1

EoT, BTFARMOETERRICBO T, BILF LI =25, BILHY
o NERERY% L L TR o L EBHICH B, Th bR L LCEET
BT EERTHDTIXARVY,

2. kMHEDT 7 Tkt AAE

BT KEENICESE E LT, BIETAI =T A0 ) U LAREET D
AIREME # FERR B 7%, UHAREZ FEhE L7,

KR 0, MEOT 7 T HHERT B X8I, A%, (B - B #Ea,
ARAETHY, BRTIEDHPIC, BIETAVI=TULKUEBED Y 7 LADHEY
MOGFEIIHEREN -7 BIRER— 1 28),

o, HRBEFOKE T ARMORETIIERTEHE LR HEL, ARG
BLTBY, BETAI=ULRUOE(EY ) U LAOHFMHEITFER I N1 o7,

3. ¥£&®
B KR O EFTFMEKIT OV TIE, B (Si0, Al0;, K0%) OERE%
ELTRENTNAZ ERZVR, ZNHDOELEFREARNRIETTREEIZOWVNT
B LI R Z L TITRT,
‘BT KB ORS % R T BT, BRTREZBEHOERS L L TRTIE
DB TH DA, BIEMOTYHOFEEZRTHOTIERWI L 2R LT,
-dLEDT 7 T ERE LR, BT APICESEE LT, BT =
U ARCEEE S ) U ARFET D AREEIIBD TRWZ L b, BRSSO
EEBLRD TNENEEZBND,
B E
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(2% k]
X1 : BAER, v/ ~BE~DORR, £, 2001, P28-30 (BIREE—4)
X2 : BTHYE - FHER, Fim KILKT b TR [BARFIEEZOREE] , B
KEFEHRE, 2011, P160-171, P283-284 (BII&ER— 1)
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BE R

BTHPE - HiHBER, Fim KWK b7 2 [BARFIG L ZORED] , BIRKFH

W%, 2011, P160-171, P283-284

3.5 dLimERS

L TP B TR R LR N o £
L, ERicF 7 3 &8 LAkl (1) 35,
po ¥ 7, WAAZHEBEONRD LT3 KILEE
(@ 7 Fro, BAEDOLTZEHEOKA A
#5:kUE (3 BrELEESEROKLTH:
Jarhd, ECR () & (@) cHETEFT
siE<amL, ARG AED,

REEEMBET IS F 7 SWFMPTEh TR
f, BafE (1) » Q) hEbrsantszs
# (2) oigETERilisharaclh, &5
AT Che o UBRED 7 7 7 55
WExhTEHLAY FlLTholighsoF7 5
EBRVE-TERENHL 7 7 sEEMNTEL LR
Lot 25 LARBOGHERITAE
fir7sEFLVbOrSEITFE L, Bhija(Ta
-a), B4 & ce (Ko-co) GEHIC &4770), BIERL
8 (B-Tm) (i), Biic (Ta-c).
i d (Ta-d), &Il (Ng), #EEa (En-a) (»
FhOEHEI&AHT5), HEE 1 (Spfa-1),
24 ¥ 3H1 (Ki-1), S#EIN (Z-M), #
o #3586 (Kt-6), #Hif (Tova). # v F+0D
¥ (Ke-Sr), # +F » 2 FR (Ke-Hb) 4 &
EHIDiEE. chom5h Ki-1 {$BE% Spfa?
EENTVWARLO, FHZ-MEEEHOBTHT
KLTVEAkOLSHEHL, BE - HHETEs
3775, TLTRc-Sr¢&Kc-Hb R ¥ v F #
apnFSEFROENEThAERN T V=757
S & coignimbrite ¥ 7 5 TH L., TOEMCH
45 75 (Aso-4) REBERECE® S R,
Toya £ £ bicEH o7 7 sHFEL ool
LA TS,

JEEE I S - EEEOWRESUMY A
EF 7y, ChE THEEY - BN
OEEHZOR, F7 7R TEERERS LTIl
D EFshTEh, 57 IMKMNERBE~N

BEER—1

FLTRoMrEE L TABES~oEEPA
Mosito LettRasI ), SRoF7 50
KICHETHAS., cOBHE AT, 17
HHEE R AR & FEE BN onkchd
COMOMEOMEc BRELHEMLRHE LTV A,
HEHOEEERRE s BREOWER 77020
/o d—ombbikEh, HELBEFTIL,
+BREE L ik Rk ity S B TF T AE N
Byl sMEBREd, F7es0 /09 —%F
BFERELTHEXxH, SEFLoHPFRELD
B> LT EREMMA RS F2kiEo B
g s sEAEO kIOl F 7340
BlfflccwT o (b LLHHShTE LI,
fFEOF 7 S ADF 720s 0/ 0P
—DFHFTHOY™, {(HLLWHRKMHEATE
k. EiRF7 s HBoRERine . tRTR
PYehads2d2077 5 (1 MpkMESEN)
BEB2HA, d-EMihba=y (EELEH
—EHOES) THH ATV EHMEWL, K
EELCRLADRES L= FTREL,
+HoERK TR s ioT20F 2 SRE
LML $3, tiplioEfFtoF 73T, L
Heidhir7 sREoRUMERTHVEANS
3, COZEREAHETOLOMNEVEYLDE
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Crystallized Glasses Produced by the Use of a Voleanic
Ash “Shirasu”

By
Shuji TSUNEMATSU, Kazo INOUE and Osaku MATSUDA
(National Ind of Kyushu)

sl B A T,

“Shirasu” is a sort of voleanic ash broadly deposited in southern Kyushu and consists
mostly of glassy alumino-silicate.

In this paper, the authors describe the erystallizing behavior of some glasses produced by
using “Shirasu” as a raw material without addition of any crystal nucleus and discuss the
correlations between the structures of crystallized glasses and their strengths,

The results obtained are ized as follows:

1. Heat treatments of the glasses in the systems “Shirasu-CaO-MygO”, Shirasu-CaO-Zn0" and
SIﬂnmCuO-MqO-ZnO'mmddr&rmmm n{ the crystals of diopside, hardystonite-5-
wollastonite and diopside-h 1 ively. An und crystal was
Mmunhofdmtdlufdnapmm Mltbecrywhsrew[rumﬁrmrhnemﬂu
inside of the glass specimens,

2. By the crystallization, the softening temperature of all of the glasses examined rose from
about 870°C to about 1200°C and their hardness in Mohrs incrensed from 5 to 8.

3. 'I‘hesl.noutnd‘aem “Shirasu-CaO-MgO" and “Shirasu-CaO-MgO-Zn0", in which
di pre: 1 on h did not show an incresse in strength by any crystallization
pmcedure. whumﬂnnm&n of the glasses in the system “Shirasu-CaO-ZnQ" heat-treated
for 2 hours were 2 to 3 times as high as those of the original gl ively, As the
heating time was further increased, however, their once su:reanrl mthl dropped rapidly,
regaining their original values,

4, The high strengths achieved by crystallization were discussed in terms of the shape of the
formed crystals, the processes of the crystal growth, the appearance of crystal grain boundary,
etc,

[Received September 29, 1975]
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3 EEEas

LLT Au, Ag, Cu ZY EMARAR V7 -HE
®mH+5HE,. Pu Re 332 200, TiO, &#fv-3
HELYRBHDY.

v AREMFL L, Thiz GO, MgO, Zn0 %2 ¥
PEMLTHLAS YT 212, BANEAFERINTS
=k OGN Y - THIBETS.

i, Thoo#7 R, BRATCE -, TERT
HHSEOME BRERBELY L, Bohriay
3 20 LOMRIZ oV TRNLELOTHS.

2. X M A K

2.1 #HSARHOEN

HEAOEHEL LTHALEYF 2L, HEGRE
KEERD v 7 AREE A - ATH 20 BIRERL
=149s LLALOTHS. B cTOLERFBIE
AR e, 9 AR LSRR L oS RLER
ABRE A SREAMAGIC L -2 BOFRHLL
Tit Ca0, ZnO $r1F MgO Efvz. CaO 2R
ORISR MY AV T LEY ) 3=, PEAF
T 1100°C, 2epmbE LML, Zo0 35 X UF MgO
2, MRORE—ERLER, WRERRL- 227
LAEENEhAVE.

B2 A TRRCME LAy F 2kg BRI
T 30 HMRALAELOERTAIFEII AN, A
A= A= AP C 1400°C, 2 EFMTIREREL, AP
ERARBLTHIRAED k. EOHTAE, HE
HrF A R—rA—REHT 1500°C, 1RHIHEAMEREL A
0, H-Hrr—ACHLAXERAFETHREALE.
LUBE YIRS rEr Fh o F—THML, »—F
Sy A B0ETHWLT 3x5x50mm OXETXOH
RSk E R L.

2.1 mEMMT

# 5 ARBORELE M5 L RRNE EER
FERMTREIC Y ) TERMTET . RBHRL
LT a-TAI+eRv. FHEEER 10C/min &L
.

2.3 ma{tot-pomna

2.1 Jicifbihic X o TIER LERY 7 2B
e, P 700°C BLU 900°C (Sh b ORBEER
L1 MEM) kR LARAFOSMNIcRE, ThE
nOREC —ENMES LR, £6ic 5C/min TH
WL, 1000°C $11f 1100°C T—EEMRtnE & {7
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Table 2. Chemical compsitions of Shirasu glasses

(wi%6).
No. Shirmsu CaD MO Ze0
v T o 1w 0
2 ] = o 1w
3 m™m = o 5
4 T o ] 5
Table 3. Heat treatment conditions for glass
samples,

Na, Holding Heating sate Holding

1 70T 0.5k ST /min 1000 2, &, 24, 45h
12 . 2 e - - -

3 . 0. - 1100C .

4 .2 - . -

] #00T 0.5+ - 1000°T -

] .2 - . - #

T - 0.5~ - 100 -

] - -

EEDERDHLESLELOEMMEY T 20 iR
fiifed 1R BN

2.4 @Uww

dhiFMERRIE, PRSI SETEE NS ENWE
HTfF . XAMERE 3cm 2L, Jatick o@mif
B (o) BRDE.

a=31P25k*

o1 TR (kgiom'), It A A ¥ (em), P: REUHT
& (kg), &2 §ff (em), h: S (em)

ETHE (o) BPRRES BOTHETHD.

2.5 Xm@EH

]ALEIc k0 PR SR OB, MaEREEE S
SoRBET I AOXBREHTET- £, ZhicEE
WRNE X REFER (CuK, #8, 5kV, 15mA) &
v, RENIBRILSCIRTICE Lz RIE £ Tt
BLELOERAVE.

2.6 mitmme

BT 7 A% 3% BRANRETH 1 4= 7
L, ReEDEESRsTRE L.

2.7 #AkHTSA0%HE

HEBMIz L3 H 5 AREOTLE S ik
OKM, WS R UHRLRE R,

#HAEF 5 2L, HIAREERI O No. 8 ORfF
- 48 BEMMRE L2 b0 BRIV, HIRiINE 250~
4258 LLEGLOERY, 2/ 2—Fitk-TREL
fo. BEMEICRE - ABRHE R SRR

£ ZORGERHT %3 CFRT. BEEOR. 8K by R RLANESICE o TRIELEY.
ZIahle.l. Chemical composition and mineral component of the Shirsss,

Chemical composition (wt%)

Mineral component (wi%)

mmwmv«mmmmr&mh‘n—ﬂmvmu-m

7N BeE L4 o.n L8 o.18 340 e

0.01 0,08 315 100.2 .55 n.46
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i xmER

3.1 RERSMF

—k L TEH No. 3 ot Re 21 i
. 76T OfMRRY I AnESE LD LRLLND
®, 906°C ORBMRHAIFHCLSBRTHS. Zhi3,
910°C TEAEE L &~ 49 A0 XEEHTIC & 5 T A-wolla-
stonite BHFHL TS Z L CHAP S hd. o3
AP 85 3 OOR R BTHIEE LAER(L Tk,

1.2 mEERELUSERERS

&4 2 ARFOFMCHERE HEE X UBRRC L -
TRELE. E0OV2DERE B 2~ oRd.

Fig. 1. Differentinl thermal analysis of the

*Shirasu™ glass.

[ 2 2Bt No, 4 (O K & &, # 16x10x15
mm) EMALBLEBRIAYELED o F~TURLE
FETHY, HEEREIMPRT ORI TS &
> T 3REBERT. 283, B No 3 DR
3,47 BLUSEULR, 14T & 2 tFOMRE
ERlEE L.

H 3~5 247 AN EMRAM T - Liz X DAL
FeABRFEIC v T O BMIRIRER RO b o 880G
WOERLAELOTHS. H 3~5 opT, LR
£ No. 1 ® % 9 iciRL-Piassdfd v b
Dk, BT [1-4] 0k 5 Y.

el B3 it -4 T, T 2T
BRI EABEcERLTRY, FORONN

Sample No.4 Heating

0O 15 30 45 60 75 90

Heating time (min)

Fig. 2. Crystallization process from outside to inside of “Shirasu™
glass,

1100°C
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{1-4) [4-7]

th

Gl

1-47 : ssmple 1, heat-trestment condition 4 [4-7] : sumple §,hent- trestment coodition 7

Fig. 3. Photo-micrographs of crystallised glasses.

6 5= (kL) -BIEs 1-#f 2 19-25



282 Yoqwo.Kyokai-Shi 04 [ 6] 1976 S. TSUNEMATSU et al. 36

(2-5] [a-8]

€h

24h

46h

[2-5] 1 sample 2, heai-treatment condition § [%5] : sumple 3, hent-treatment condition 5

Fig. 4. Photo-micrographs of erystallised glasses
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(1]

2h

th

24h

s&h

1271 : sample 2, hest-trestment condition 7 '3-7] * sample 3 beat-treatment condition 7

Fig. 5. Photo-micrographs of erystallized glasses.

6 4= (kL) -BUES 1-# 02 19-27



284 Yogyo-Kyokai.Shi 84 [6] 1076

D: diopside, CaO - MgO - 28i0,
W: f-wollastonite, #-CaO - SiO,
H: hardystonite, 2Ca0 - Zn0 - 2510,

Fig. 8. X-ray diffraction patterns of the heat-

treated glasses.

(2-2)

25 30 35 40 45
28

[2-27 Heat treatment condition No. 2

S. TSUNEMATSU et al. 38

BRI R TRz T 873C A 6 120000 BLE
(PSR 12000) kit taostEogiinEo
Bkd, EEEELALOTH . T-AWERWT
hoptiih, #Rkick-oThb8iEmELR.

3.5 giam
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W2, Bt No, 2 881 0F No. 3 ic2vT
#HRorhoFmMeTbavEE (B9 @ Time0
2RY) OdifEm i 700~800kgfom® T o =238, i
oinERNIcE VT, #Ans 2R Tl TR L
1800~2700 kg/em® iz B =2 EFELE. Thid,
HELORDOBMRETLEVYF A0 2~3 fOI
TH 5. TokoOBAIRIOSEBIC, diFEER
S EToEmERTS, B No. 2 iRy R
Rk S, 4, 7T BXUSIKIAHALYS 212, —B
1000 kg/em® @RI ICHESET L 2 @RFS 2000 kglem?
EEETRLE.

4 = B
PLTF. #fed s an@iiBgicovTasETas.
Bt No. 1 ot ¥5 Acit, B3 [1-4] KRS
13 X icBHRe diopside DRBRMSREL 22
L, Ehic 24 LmLizx dic, Ao lbRE
kb SRk L UCRBRYOBRRYS

(2-8)

25 30 35 40 45
20

[2-8] Heat treatment condition No. §

Crystalline phases
H: hardystonite, 2Ca0 « Zn0) - 2860,

Fig. 1. X-ray difiraction patterns of the heat-treated glass sample No. 2.

6 4= (k1) -BUHS 1-# 02 19-28



M e

%30 35 L0 45
20

[8-57 Heat treament condition No. §

“ (3-7)

w 2hr

T2 30 35 0 48
20
£3-7] Heat treatment condition No. 7
Crystalline pheses
W: #-wollastonite, #-CaO - Si0,
H: hardystonite, 2Ca0 + Zn0 + 28i0,
Fig. 8. X-ray diffraction pamerns of the heat-

treated glass sample No. 3.

Table 4. Properties of crystallized glass and Shirasu
ki

Shirssy glass Crysallised glass*
No. 1 No. 2 No. 3 No.4 No, 1 No. 2 No. 3 No. 4

Specific
Y 27 211 378 4% L.98 it W 217s

Hudeww 5 5 5 5 8 8 % 8

Suﬂmn;‘ over over
point(T 673 B66 &M MM 10 UMW 190 10

“Hent trestment condition Ne. 8
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Bemiwtg  wirergih [ Agrost §

L 2 L] 1 “e ¥ L] - -
Time | hr}

“Heat trestment condition for glass samples (Table 3)

Fig. 9. Bending strength of the heat-treated
glasses.
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