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ABSTRACT

A relation between compositions and properties of NipyO-Al;05-510, glasses was investigaled with application of the
extreme veriical design Properties investigated in this study include glass transition temperature, density. refractive index.
thermal expansion, electrical conductivity, bending sirength and havdness. Most of the quadralic models fitted on property
data were statistically significant, The properues estimated from the fitted equation agreed well with the measured
properties. The estmated properdes were compared with (hose reperted by other mvestigators. Additional compositions
excepl {or those of extreme vertices were needed to yicld a shghtly better resull for the simple system such as a ternary
system. In addition an oplimal composition on cach property could be calculated by using oplimization techmque on result
oblained from Lhe [(itted quadratic models.

Key word : Extreme vertical design, NaO-ALO+=8i0; glass, Ontimization technigue, Property data
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Table 1. Glass Compositions Selected from Extreme Verti-

ces Design
-}—)‘g Mo Nﬂzo Alzo3 5103
1 35 5 60
z 35 13 50
3 30 3 45
4 50 10 40
5 45 15 40
6 43 10 47
7 33 10 55
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10 40 15 43
11 475 125 40
30
20
o ¢ O
(o]
10 [»] Q (o]
o
Q &} [*]
v " \ N A v \ .
100 90 BO 70 [ 50 A0 ao 20 1o

Fig. 1. The composition of glasses(wl, %).
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Table 3. Analysis of Variance foi Significance of Regression in the Second-Degree Polynomial

ter

Source 8 i v F, |Foon |Fo05) | R
Regression 43372 3 8674
Tayy Residual 1083.2 5 216.6 40 305 0.800
Total 10
Regression 8079.7 5 16159
Ty Tg;, | Residual 12300 6 205.0 9 4391 0868
Total 11
Regression 71556 5 14311 a a
Tgxy | Residual 6417.7 i6 401.1 36 285 | 027
Total 21
Regression 48 > 107 5 9.6 X 10° -
pu | Residual 3.035 % 10° 5 6.07 x 1° | 2816 110 0.994
Total 10
Regression 9.3 X 107 5 18.6 < 107 N
p Pis Residual 6.0 > 107° 12 50 ® 10° 372 3406 0.994
Total 17
Regression 146 x 107 3 292 % 107
P13 Residual 17 310" 27 63 10° | 633 | 390 0.989
Total 32
Regression 1.627 = 107 3 325 % 107
Npg; | Residual 1.429 X 107 5 2,86 X% 107 1139 1o 0591
Tatal 10
Regression 1265 107 3 8.53 » 107 .
1 fpa, | Residua 4.85 % 107 13 269 % 10¢ | 21636 | 42 0999
Total 23
Regressian 6543 > 107 5 131 % 10°
npay | Residua 7.366 > 10° 38 194 % 107 673 37 0989
Total 43
Regression 1.965 % 107" 5 393 » 10"
o ) Residua 5.103 % 10" 5 1o x 1™ | 3 110 0794
Total 10
Regresston 8.108¢ % 107 5 1.6218 » [0° . )
o Gy | Residual 88342 X 10°] 5 | 17668 < 107 E 205 | 0.902
Tolal 10
Regression 1337 3 20673
5. . 81
BS; Residual 206 5 59 323 10 0.819
Total 10
Regiession 2567 5 513.4
g 2
BS BS;gs | Residua 5929 12 4.4 104 506 081
Total 17
Regression 3300 5 660
= 4 {
BS;, Residua 2624.9 27 97.2 6.79 490 0557
Tatal 32
Regression 2.304 ¥ 107 3 4608.2
. 0731
Hj, Resicual 8.466 % 10° 5 1693.2 272 1o
Total 10
Regression 6424 % 10° 5 12847.8 .
H Hjs Residua 2,901 > 107 iz 2118 314508 0957
Total 17
Regression 6014 » 10" 5 13828 "
Hi Residua 301 % 10° 27 11148 124 390 0697
Totzl 32

S :Sum of Squares, @ . Degrees of Freedom. V:Mean Square,

agea

F,: Test Statistic
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Table 4. Companison of the Reported Glass Transition Tern-
perature with the Calculaled Values

el

Table 5. Comparison of lhe Reported Densities with the
Calculaled Values

. Te("C)
Nay () | AlO3 | Si0; Ret.
Reported Calculated

4243 700 | 5057 | 447 437 Faick”
243 671 | 5086 | 447 436

3954 | 957 | 5089 | 455 453

3492 983 | 5525 477 482

37.50| 6.94 | 5356 | 457 436

31.23| 9.37 | 5940 | 477 516 Klontowski”
4617 | 572 | 4812 | 440 430 Lisenenkoy”
4425 809 | 47.66 | 456 437

4237 | 10,41 | 4721 | 462 442

41,14 | 1194 | 4692 | 462 445

300 | 143 | 556 | 540 528 Rencker”
362 | 141 | 497 | 500 467

AL13 | 8536 | 035 | 470 515 Takahashr'”
31.23| 937 | 594 | 477 516 Frischat'”
2494 | 9896 | 6510 | 510 600 Faick”
2055 | 475 | 6570 | 475 509

2469 943 | 6588 | 505 602

3123 | 287 | 6590 | 470 475

3161 203 | 6636 | 470 162

25.15| 675 | 68.10 | 193 581

2904| 097 | 6999 | 470 476

2786| 203 | TRl | 476 502

24.84| 436 | 7030 | 490 571

24451 492 | 7063 | 450 578

2263| 649 | 70.88 | 300 619

19.60| 932 | 7108 | 522 690

21.50| 469 | 73.81 | 502 623

2398 | 1.07 | 7495 | 481 542

2302 | 200 | 7498 | 490 568

19.67| 512 | 7521 | 502 660

2154 285 | 7561 | 495 603

2778 | 22.85 | 49.37 | 372 495 Lisenenkot”
4283 1565 | 4152 | 440 423

11.82] 1943 | 68.74 | >600 863

1536 2526 | 5938 | >600 716

The bold figmes rcfer to glass of the same composition
ranges as this study.
“Tg calculated by using equaton (5.

o] #7he . MEAFELS Eddo g Hrisled 24 A
=¢ #AE FAHsE Ao THHYE ¢ F AUk
Tahle 5= o] AFAEe 28] B % sodium alu-

29534

. p(g."c1n3)
NayO | A0 | 8t04 Ref
h o “ | Reported |Calenlaied®
4243 | 700 | 5057 | 2550 2546 Faick®
4243 | 671 | 50.86 | 2.548 2.545
39.54 | 9.57 [ 5089 | 2541 2541
3492 | 9.83 [ 5525 2518 2.517
3750 | 694 | 5556 | 2526 2525
3492 | 9.83 | 5525| 2.518 2.517
3750 | 694 | 5356 | 2.526 2528
3279 | 654 | G068 | 2495 2495 Molot™
3214 | 1121 | 56.65 | 2499 2.500
31.93 | 1273 | 5534 | 2507 2.500
3164 | 1688 | 5148 | 2512 2,499
31.13 | 853 | 6035 2485 2488 | Takahastu'
3134 | 781 | 60.85 | 2487 2488 | Dubrovo™
3331 | 7.001 | 59.68 | 2499 2500 |Klonkowski’
305 | 84 | 611 | 2436 2.483 Rauch™’
2494 | 996 | 6510 | 2462 2437 Faick”
2955 | 475 | 6370 | 2475 2463
2469 | 943 | 6588 | 2458 2.433
31.23 | 287 | 6590 | 2.483 2471
3161 | 2.03 | 6636 | 2481 2470
25.15 | 675 | 68.10 | 2454 2431
2004 | 097 | 6999, 2461 245
2786 | 203 | 70.11 | 2457 240
2484 | 486 [ 7030 | 2445 2.422
2445 | 492 | 7063 | 2443 2419
263 | 649 | 7088 | 2434 2,405
1960 | 932 | 7108 | 2421 2.377
2050 | 469 | 7281 | 2418 2.387
2308 | 107 | 7495 | 2423 2.398
23.02 | 200 | 7498 | 2419 2.393
1967 | 512 | 7521 | 2403 2,367
2154 | 285 | 7561 | 2415 2380

The hold figures reler to glass of (he same composition
ranges as this study.
*p caleulated by using equation (9).

minosilicate 522 BE9} o|F Felell ha] <] 2
= —P@’-‘%—Eﬁ‘ﬂ AsrE ARE Vel Aotk ZE
olEN ] 252 AME-SIRITE Table 5
])‘1 ‘?71 AR Eale 2 AYe 249l &3k
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Table 6. Comparison of the Repotted Refraclive Indices with
the Calculated Values

NayO | ALO; | Si0s ° | Rer
Reperted (Calculated

4243 | 7.00 | 50.57 | 1.5154 | 15190 Faick”

4243 | 6.71 | 50.86 | 15155 | 15192

39.54 | 9.57 | 50.89 | 15150 | 1.5192

4417 | 488 | 5095 | 1.5157 | 15194

34.92 | 983 | 5525 | L5116 | 15224

37.50 | 694 | 5556 | 1.5120 | L5221

3113 | 853 | 6035 | 1.504 | 15263 | Takakash™

3134 | 7.81 | 60.85 | 1508 | 15262 | Dubrovo™

3331 701 | 59.68 | 1.5086 | L3250 | Klonkowsk”

3452 | 811 | 5737 | 1510 | 15236 | Matusia™

305 | 84 | 611 | 1524 | 15267 Rauch”

30.0 | 84 | 616 | 1503 | L3271 | Schairer’

300 | 93 | 607 | 1.503 | 1.5268

3.0 | 101 | 589 | 1504 | 1.5358

300 | 122 | 578 | 1503 | 1.5258

325 | 118 | 557 | 1507 | 152338

320 | 139 | 541 | 1506 | 1.5229

M5 | 134 | 521 | 1510 | 15209

350 | 150 | 500 | L1511 | 15196

370 | 145 | 485 | 1514 | 15182

583 | 363 | 8854 | 1480 | 15542 |Vercbechik"

650 | 581 | 87.60 | 1478 | 13532

580 | 707 | 87.13 | 1477 | 15544

578 | 771 | 8651 | 1474 | 15544

577 | 818 | 86.04 | 1477 | 15543

1849 | 1003 | 7149 | 1496 { 15383 Day"

1503 | 1490 | 7006 | 1494 | 15413

1182 ) 1944 | 6874 | 1490 | 1.5451

931 | 2298 | 6721 | 1491 | 15184

804 | 2478 | 6718 | 1497 | 15502

2088 | 11.56 | 67.55 | 1497 | 1.5350

1536 | 2526 | 3938 | 1497 | 15385

1403 | 2835 | 3759 | 1.502 | 1.5391

1279 | 3148 | 3574 | 1506 | 15408

1145 | 3477 | 5378 | 1511 | 15419

The bold figmes refer to glass of the same composition
ranges as this study.
n calculated by nsing eguation (11)
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Table 7. Comparison o[ the Reported Electrical Conductivily
wilh the Calculaled Values

log Gi(Sfem)
Na,O | ALO; | Si0- Rel.
Reported Calculated®

3225 | 053 | 66,88 | 487 | 4852 |Moseev”
3220 | 1M | 6617 -5.61 -4.753

3163 | 2.81 | 6468 -5.77 -1.386

363 | 500 | 6283 =541 -+499

3133 | 751 | 6103 -5.17 48

3058 1 923 | 4601l -5.44 -4426

2917 | 1422 | 53624 -577 441

2680 | 21.53 | 5143 -5.13 -4.831

1845 | 926 | 7229 -6.46 -4.136

2913 | BOO | 62.73 -3.36 4431

3133 | 751 | 61.03 -5.17 -4.448

3420 | 2.80 | 63.00 -501 -4.595

3448 | B5T | 3694 -4.94 -4 407

34.69 | 1148 | 3379 -4.86 -4 402

*G calculated by using equation (17).
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Table 8. Comparison of the Reported Bending Strength with
the Calculated Values

) BS(MPa)

NaO | ALO, | S0, Ref.
Reported  {Calculated™

1587 | 816 | 7597 686 118 | Moitra™

1971 1 1503 | 6526 89.2 753

1905 | 2053 | 6042 §9.2 376

‘BS calculated by using equation (21).

Table 9. Companison ot the Reported Hardness with the
Calculated Values

Hkg(h )
Na, O | ALO; | SiO, Ref.
Repertted |Calculated™

3850 | 560 | 5590 360 437  |Baiteneva™
4200 | 530 | 5270 400 450

34.50 | 595 | 59.55 400 378

3450 | 6.55 | 5895 500 389

43.00 | 410 | 5090 130 414

4800 | 470 | 47.30 270 386

The hold figures refer to glass of the same compositon
ranges as this study.
*H calculated by using equation (24).
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