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M HESRIES (NWF] &, ThESVHMTIATHEZBELE 2 L O TM — 0 B ST
80kcal/mol L L@ bW % 2 5. SEOH T A T Si0; M FRCHINT 2, WESHEMES NWM] 2,
M— 0 S5 E A 60keal/mol L F OB TENHSFEMTHMEMESEL LT & Hwat,
HIAD—RFE LTHBCEV I FROBECEELS5 2 5, Na0, K0, Mg, Ca0 & ¥ Tha,
M — 0 LA e 97 60keal/mol Bl 80keal/mol VI OB ESE PRBES & v, HMTREF TR
A b LETELV, BRI S BRLTHERERChhbho & L b icEHB{tHE LTy
W LA TED, ALO; P POO L EHE I ThI,

B LR LAEHGO S 00mol 242 L3070 FLAOAE 24 [@Th 25, BRI
it, 134T 60 — B0mol% B R OFREMIC it v 225, Bmol% M EERTOBGTRL K0 #RAET L H Y
HMEAZATHY, NaO R LT 247 A1 60~ TBmol% ¥, £ EaBE I hca kB
Bt mAT T rBETHN, WENSESAE(BLAZCEWRAITHD, £, NapD TH0A
L aHTAE, PHBEEORFL LSV LOLEVLONRENE T LA RSN E AL, UED
FhoSEOT NG VEREEY T AT REN S AOHEGRATA L UTFOL 4,

#4711 K0-50: %

#1471 | Naz0-Ca0-8i0; 3

A4 TN D NapD-AlO:- (Cal) -5i0: 7
FATFIEANF2, ¥470, DR y—FaRAZ2EEb0a 80T, TizIcE~<a s AL S
AL Ca0O FHMAF I A TOLOTHSL,
S ORI K050 FFF 225 4 (MY
ETHEHIT AN THE) WH L2,

ZOHERI TG NagD, MgD. Ca0 68021
mol BELT T, ALO 2 malBELF T, 72,
AlOs < 3 mol% BT @ NaD-Cal0-Si0: B4 7 2 2
13857, Wt id Cal 5 molBELETH B,

AleOs = 3 mol® EL 1@ NapO- ALy (Cal) -Si0s 55
HT2ARITHETCaODHEHER 2.7 ~ 5.6mol % &R

o
ZolllE LA bR omig, iaEs, 8

B WEEER, SRR, WHiEA G LSHHE NWM

EHOFRTHE, O L RBEERE LAY FAE &H7 RHO{EERSOER

3 e - s DI e
B, FREHH T ANE U F T NagO- Al (O EEA 100mol % 12 b & FRL12)

WCal) -Si0: Bt/ T L 00T, EEEHES X W

— 36 —



A, EMHOEHETZ 20— (44) BKO0S0:RH7AT, BRYOFHENF A EE+~T
ALO; SHEROL 40 NayO-Ca0-5i0; RATFATHE, 0 L5z, ARV HOEFIFHEL &z,
FTTECEHICL-THEBLTIWWEIETHE,

HIADEREIEBEA A - O0RBELPCLI-TRET L LR ad, FL(EEEY S 20
FoToRLY, SREHIIA A X TRBEMEVIBMEENNANTELZLELHDIH, &
oS Tk, AR oEosRsTTICL S8,

WMEOHTAE, FEMIPOEEREFS BT 1] ~ 1L tmol%ics L5, Feuy SHEIZ 0.7 ~
1.0mol%., TiOp 0.5~ 0.Tmol% T Cu0 2 0.0lmol B LA F £y, WECHEMFVWERERETLO
BERET, JRIZS PO PHEMNE (EHTH, (0.3~ 0.8mol% ). FesOs THEE 1.0 ~ 1. 5mol % T,
Tidp 2 0.7 ~ 1.0mol% & MHEITHATRSLHE (. E6LRCOFFRIL 0.6 ~0.9mol% L HEFF R
ChRaERELRVIRLGNL, L LERMICRELON T AC Cu 2T 5 L @i s 2
Lit, BEF T AOEFHRFFELTIA, SERTF L 2N TRL TV S,

#F-3 BA7ABMOETEN (RAEXBRIH FPELCLS)

7 Si0z | AlaOs | NaxO | K0 | Mgo | Can | Ti0: | Fe0s | Cuo | MaO | Con | PbO
AfEs A 7208 {mni?%} {ml%f} I:m:I!%,] {mol %) [ (mol %) l:nu;‘%il ':m:]rl?%} Ema]%ﬁ [mi::%]' {lr_l_grtl%} (mo'i%] [mal %)

SN3- 2 @EFEW| 65.8 | 5.4 | 176 | 2.2 [ 2.0 | 3.9 [ 0.7 | 1.08 | 0.62 | 0.05 | 0.00 | 0.35
SN3- Bl HEEAM| e6.6 | 4.8 [ 177 | 21 [ 1.9 | 37 [ 0.7 | 1.3 | 0.67 | 0.06 | 0.00 | 0.38

SHNI-10{FBEEM| 67,3 | 5.2 | 169 | 20 1.8 | 3.7 | 083 | 123 [ 069 | 0.07 | 0,00 | 0.26
SN3-26| KELEH| 654 | 4.8 | 19.0 | 1.9 B 3.8 | 068 [ ooy |06l | 006 000 | 0.44 |
SN3-27|®REES | 637 | 5.4 | 187 | 2.2 | 21 | 4.1 | 6.8 | 1.25 | 0.85 | 0.08 | 0.00 | 0.60 |
SN3-31|meE®| 64.8 | 5.4 | 173 | 2.1 22 | 40 | 004 | 127 | 081 | 0.06 | oo | 0.78
SNi-a0|®EyE¥| 663 | 4.0 | 178 | 18 | 20 | 36 | 080 | 1.5 | 076 | 0,06 | 000 | 044

SN3-41|®B@EEH| 667 | 5.6 | 162 | 2. 1.9 3.0 | o080 | 113 [ o733 ] oo | ooo | 0.63
SM3-45 | HREE® | 66.7 | 6.5 | 11.9 | 2.9 | 2.5 | 5.3 | 100 | 1.54 | 0.57 | D.OB | 0.00 | (.68
SNI-47 | SHEEN | 62,1 | 5.6 | 2008 | 1.8 2.3 3.9 | 0.82 | 1.20 | 0.67 | 0.06 | .00 | 0.50
SN3- 6|®E4EH| e84 | 4.3 | 176 | 20 2.0 | 27 | 060 | 0% | 0.01 | 000 | 0.00 | 1,14
SN3-44 | @E4EE | 642 | 5.5 | 193 ] 3.0 1.8 | 3.3 | 046 | 0.68 [ 0,00 | 0,03 | 000 | 1.48
SN3-48|#HG4#M| 660 | 5.5 | 17.2 | 3.2 5 | 3.6 | 051 [ 077 | 0.00 [ 0.05 | 0.00 | 1.62

1,
SN3- 3| FaEEE) 60.3 | 4.9 | 226 | 1.7 2.8 5.6 | 0.46 | 008 | 008 | 0,18 | o0 | 000
SN3-11 | FREdE® | 6.0 | 4.3 | 2002 | 1.6 2.1 5.1 | 046 | 0,92 | 0.99 | 0.19 | 0.00 | 0,02
SN3-12|K@2am| 674 | 5.0 | 17.2 | 2.0 | 2.1 | 3.3 | 053 | 1.23 | 1.06 | O.16 | 0.00 | 0.00 |
SN3-15|#@ed® | ot.8 | 3.9 | 19.8 | 1.7 1.8 5.2 | 046 | 1.11 | 080 | 0,23 | 0.00 | 0.02
SN3-38|miedE | 83.7 | 1.7 0.5 | 10.7 | 0.6 0.5 | 0.08 | 0.35 | 1.84 | 0.01 | 0.00 | 0.04
SH3- 7lwkEER| 660 | 1.7 | 1709 | 11 2.4 &8 | 017 | 124 | o200 | 046 | 003 | 0.06
SN3- 9dFEeEE] T1.0 | 2.0 | 16.4 | 0.6 1.6 54 | 026 | 0.0 | ool | 1,77 | oom | o.o0 |
SN3-14 | FedE®| 64.8 | 1.6 | 18.3 | 1.5 1.5 | 103 | 0,10 | 103 | 008 | 0.3 | 001 | 0.02
SN3-18|HilteAm| 63,4 | 1.7 | 173 | 2.4 5.6 g.2 | 02 | 093 | 0,09 | 018 | 0.01 | 0.00
SNa-24|Witedf| 642 | 1.7 | 190 | 1.9 | 4.6 7.4 | 0,13 | 079 | 0,10 | 010 | 0.0l | oogd
SN3-25 FdEEM) 726 | 24 | 133 | 1.0 1.4 6.5 | 0.27 | 0.84 [ 001 | 1,75 | 0.03 | 0.00
SN3-ZR HaBEM| 0.8 | 1.7 | 15.6 | 0.6 1.8 6.5 | 0.23 | 0.73 [ 0.02 | 1.85 | 0.06 | 0.00 |
SN3-30idmEER| 629 | 1.8 | 2004 [ 0.5 | 21 |6 | 012 | 089 | 0.33 | 008 | 0.02 | 0.2
SN3-34| HileEE | 708 | 20 | 125 | Lo 1.8 8.9 [ 024 | 052 | 003 [ 2.15 | 0,06 | 0.00
SN3-35 HHEEM) 61.5 | 1.7 | 18.8 | 2.6 4.4 9.5 | 0.15 | 0.83 | 0.08 | 0.39 | 0.02 [ 0.02 |
SN3-36 FMEEN )| 63.9 | 1.6 | 19.2 | 2.2 | 4.4 [ 7.3 [ 011 [ 0.82 | 0.09 | 0.15 | 0.02 | 0.03
SNI-39| fFHAEY | 62,8 | 2.0 | 18.5 | 2.3 36 | B.9 | 018 | 1.13 | 0.20 | 0.15 | 0.08 | 0.06
SK3-46| HEEEH| To.6 | 2.1 | 138 | 0.8 15 | B0 | 029 | D94 | 002 | 1.87 | 0,01 | o.o0
SN3-16|FEnEH | 820 | o9 | o4 | 1z9 | o 1.1 | 006 | 0.8 | 000 [ 1.33 | oo | oooo
SN3-17|##f8%| 816 | 1.0 | 04 | 13.7 | 0.5 | 0.9 | 0.06 | 0.52 | 0.06 | 1.10 | D.05 | 0.0
SN3-Z3 [ BEEEH| 808 | 1.1 09 [ 13.7] 07 | 09 [0.06 [ 067 [ 0.01 | 1.12 ] 0.00 | 0.00 ]

SN3-37 | FRAEE | 9.9 0.9 7 14.3 0.6 1.0 o028 [ 0,93 [ 001 | 148 | 6.04 | 0.00

O 0lmol B U SRR TR D A0 EO 000 LER L, A, 2ot bt Ke SRR AT L A b i
HEHTE., CONRLAEEEEENE 0L LTHR MR T LY,




W RN 7 A RRELHET T A LB T 2HHFE LT, b ALOs SH B A G
M b, FeDs HAMIE0.9 ~ 1.2mol %, CuO FHRIL 0.8 ~ 1. 1mol%, TiO: FHEIL 0.5mol % & Hig
B FALENT M PRORFALEAT{HRLIEFHFLEVEFRE( R -Twnd, Thd i,
IOFFACHET 0 Smol R AIRENT 2 L ERGPEHAT s 2P ERST 27 THY, HETEH, &
FEAEN, FRESY T AR BRT AL ANEL,

PRER iR 7 O 3 B AR D KO-50: A FATH L, Culd FHEFE
FeOs b b IiSH T2 Lo e O REFERAT L - TE 4D LELRE,

R S 2 2 S b 5 2 2 S Ke0-Si0: FA 7 AT, R oFHEENTT 2 13
FiHE NagO-CaO-Si0; RAFATH L, ThoWEOKHEEEY 7 2 ARSI EHY s AHE s HE
FTAHILRTEL Y, WFRLHBERE LTHREZENERZ Co 44 YAME LTy a, K0-810: %
HIAHo T, Col BAHZBET 280 L LTI MoO # 1.1 — 1.5mol%. Fe:03 #°0.5 — (0. 9mal %
SHLTWE, BEDZ LR, P CofF 2 ENFEENRLKO-5I0RHF T ATHHE VL
FHARET A CR MO PERIIEINIHRLLETLTVE, —F, CodF iz bhFashi
NazO-Cal-5i0, BHHHEER AT 2T MaD #50.06 — 2, 2mol%. FeuDy 0.5~ 1.2mol B EHFLTH
9, M0 EHEOEVL0 (1.8 ~2.2mol%) (58 44wt ® 0.1 ~05mo%) (B I5#
NLZENRELHERTHZ, FEEORETIR, FMEEFHTI A (Nap0-Ca0-5i0; RH 7 A1) T
MoO EFEOLL VL OBEEENENTH .

(3} HZ2OHEMECOVT

HERE S 2o BTk, F5 2olldth i gt il F £ e T g s i irge . shipims A
EOHEEESRIETEL, I THT it A MEREFER v, P oA ric MR A
VHBMEORR T AT 2 0l RO ELBIZL LT TR v,

= plfl + p2f2 +-eevevees pifi
PREHTIEETH S AOPBEES T (MeOy) 1, (MxOy) 2o (MxOv) i & L, €heOFE
AHLE ] 2, e fi &t &, pl,plos-opi RIBEES (MxOy) 1. (MxOy) 20 - (MxOy) 16

BRPICoVTORSFETIMEERETFTH L, 750, S0 PO G Yo TS AMME L TS 2
BERLE, KNI S0; OMEMERAT L SO SHEROBE (FToiy) 2RLELOTHE,

Si0; > 6Tmol B D EET ¥Si0; = 26.1 + 0.035 (Si0; — 67) © ELHEH VI {em®/mol)
#S8i0z = 1,475 — 0.0005 ($i0: — 67) RS w
aSi0y = 38 — 1.0 (5iDy — 67) VCEBEEEEE o (1077
ESi0; = 6.6 + 0.02 (3i0; — 67) CERTHE B (10%g/mm®)

Si0s < 6Tmol% oGt —F L AL
VS0, = 26.1, nSi0; = 1.475, o5i0; = 38.0, ESi0, =6.5

LhlOEFEERCf T, F-AICT a0 TEEFLGRLTE, chlth I LEEIG
b HiEEEETH Y, EEOFEL S EAET2RRE LV BT,



F- 4 FTunOHEEEFEE LTRSS LEH S IBRMOEDM

5 E + )3 1 i g
apwy | PILEE | EAER | Ted | mee | TORBRER | e
SNE- 2 §2.72 25.03 2,51 1.490) 110,16 6.85
SH3- & 6276 24 .97 2.51 1.488 110,58 .82
SN3-10 62,70 25.07 2.50 1.487 106,57 6.85
SN3-26 62.45 24,51 2.51 1.493 114,20 6.82
SN3-27 63.21 24 .85 2.55 1,488 114,33 6.85
§N3-31 63.40 24,58 2.55 1.487 109,21 686
SN3-40 62.81 2450 2.52 1.486 100,97 6.81
N3l 63.37 25.11 2,52 1.488 105. 30 686
SN3-45 £3.45 2526 2.51 1.485 0404 7.01
SN3-47 £3.00 24.76 2.55 1.49% 120.09 686
SNi- 6 68.01 2511 2,55 1.502 108,00 6.79
SNI-44 64,61 25.16 2,57 1.513 12048 6.79
| SN3-48 £4.92 75,30 2.57 1.511 113,77 580
SN3- 3 0,78 2440 2.4 1.4%1 127.92 6.85
EN3-11 60). 66 24,50 2,48 1.487 118.73 .82
SN3-12 52.51 2500 2 501 1.475 107.17 6.75
5N3-15 B0 T8 24,51 2.48 1.485 118.16 5.81
SN3-38 F4. B4 27,22 2,38 1.450 70.78 .53
| SNa- 7 57.44 73,86 z.41 1.495 114..07 .91
SN3- 4§ 5916 74 46 2.42 1.470 10108 G, 85
SN3-14 56.48 23.81 7 a7 1.503 118.01 .94
SN3-18 57.04 23.77 Z.40 1.508 117.71 5.95 |
Sha-24 57.48 23,86 2.41 1510 120.4% 5,50
SN3-25 5866 24 67 2.38 1.470 0035 §.85
SHiE-28 58,06 24,31 2.39 1.473 9972 . 80
SN3-30 56,049 23 .54 2.38 1.511 122.10 5,98
SH3-34 5660 24.27 2.33 1.474 52,57 702
SN3-35 56.55 23.67 2.39 1,500 124.96 5.56
§N3-36 57,60 23.86 2.41 1.508 122,45 .87
SN3-39 57.44 23.82 2.41 1.504 121.62 5.93
SN3-46 57.71 24.32 2.37 1,472 55,47 647
SH3-16 65,24 27.24 2.39 1.454 B3.62 5:53
SNE-17 65.25 27.38 2,38 1,462 26,96 6.51
SNA-23 £5.45 7.9 2,40 1.462 20,58 6.50
SN3-37 5.4 2726 2.4 1.453 02 85 6.45
4. FL¥

SEOAHELITBLIIELI LA FAEHOMEAREL T L8R KOS RT7 2,
Naz0-Ca0-5i0s AN F 2, NapD-AlOy- (Cal) -Si0; B W7 20 A HMOMEON 5 2L T 3 12,
K20-Si0, B4 7 212, BARAORN» cEHHLLTEY, 2olbFllRsmoBRE s —HL
THEH, SoihE, BEORE S BE STV O EES TR (M EEFT, iR
Lobdetal, RUMICODANERSATVWELOLEAGNS, COHFZAR—RHGTROLS
AR BNAA, ALO: AREET L L IC L o TIEEMM A0 E s ke L T & IBftEdis
BLOLEALRD, WTRES L, WPV TTEASKAGOVFEETMLEAL O LEbR S, —
H, NaO %R+ TR, BRECBVTHEKO-S0 RAFALENTHEY 5, 2O Na0 &8
et aHs A, 2HEFFLALO 2 ERESHETALOLE I THVLOIGHETE, Thixys
AOEALLMBETAONL LAy, BEL{NERIRLI D LEEFEZL, FRHIAVZIAII20TH
Ty HERBEOECLOEL LV EOT, 00 PEEAE LI EERLTED, Na0-Ca0-Si0 K
HEALFGHREET TERET I T ORES A TR 2w Td, BT EMEL L2 THE I,
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