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Abstract Commercial AR(Alkali Resistant)-glass fiber has a good chemical resistant property, but also has a problem of
difficulty in fiberizing process because of high viscosity in melted glass compare with E-glass fiber which is the most
widely used for reinforced fiber of composite materials. In this study, we fabricated AR-glass fiber with low zirconia
contents compare with commercial AR-glass fiber relatively, and measured properties against E-glass fiber. We obtained
transparent clear glass with zirconia contents of 0.5~16 wt% by melting at 1600°C for 2 hours. These AR-glass samples had
high visible transmittance of 89~90 %, softening temperature of 703~887°C. And softening temperatures of them were
increased according to the increasing zirconia contents. Compare with E-glass, AR-glass contains 4 wt% zirconia has
different value of —94°C in softening temperature, +68°C at Log3 temperature and —13°C at Log5 temperature in viscosity.
We could verify good alkali resistant property of the AR-glass fiber with SEM after dipping in alkali solution for
48~72 hours, and also high tensile strength, 1.7 times compare with E-glass fiber at 48 hours and 2.2 times at 72 hours. We
conclude that this AR-glass fiber can be widely used as general alkali resistant glass fiber because of easy manufacturing
condition and good properties even though it has low zirconia contents.
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Table 1
Batch composition of E-glass and AR-glass samples
Raw Batch composition (wt%)
materials EGF (E-glass fiber) ARGF Z 0.5 ARGF Z 1 ARGF Z 4 ARGF _Z 10 ARGF Z 16
SiO, 415 60.7 60.1 57.6 52.8 47.5
Al O; 10.6 0.7 0.7 0.7 0.7 0.6
K,CO, 0.3
CaCoO, 30.1 7.9 7.9 7.7 7.1 6.4
MgCO, 0.9 5.7 5.3 5.6 5.2 4.6
H;BO, 15
BaCO, 29 29 2.8 2.6 23
ZrSiO, (ZrO,) 0.6 (0.5) 1.2 (1.0) 4.5(4.0) 12.5(10.0) 21.5(16.0)
Na,CO, 1 21.5 21.5 21.0 19.3 17.3
Fe,O; 0.2
TiO, 0.4
Total 100 100 100 100 100 100
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Fig. 1. Experimental procedure for preparing glass samples.
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Fig. 2. Experimental fiberizing equipment of glass samples.
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Fig. 3. Photographs of bulk and fibers samples: (a) EGF, (b) ARGF Z 0.5, (c) ARGF Z 1, (d) ARGF Z 4, () ARGF Z 10, and
() ARGF _Z 16.
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Table 2

Optical properties of glass samples

Sample name I;igh { transmittance HAZE —Chromaticity

(%) L a*  b*

EGF 853 125 9392 -2.16 5.87
ARGF _Z 0.5 89.2 .12 9699 -0.07 0.66
ARGF 71 90.2 0.83 9698 -0.09 0.55
ARGF Z4  90.7 135  96.69 -0.05 0.30
ARGF Z 10 90.2 .02 9645 -0.15 042
ARGF Z 16 88.9 274 9623 -022 0.36
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Table 3

Temperature on the viscosity of E-glass and AR-glass samples
Temperature
logn EGF ARGF _Z 0.5 ARGF Z 1 ARGF Z 4 ARGF _Z 10 ARGF _Z 16
2 1343 1436 1438 1481 1517 1540
2.1 1320 1405 1408 1449 1489 1514
22 1299 1375 1379 1419 1463 1489
2.3 1278 1348 1352 1391 1438 1465
2.5 1241 1297 1301 1339 1390 1420
2.7 1207 1251 1254 1292 1347 1379
3 1162 1190 1191 1230 1289 1323
3.5 1100 1106 1101 1142 1205 1243
4 1050 1038 1027 1071 1135 1177
4.5 1009 981 963 1012 1075 1120
5 975 933 909 962 1024 1071
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Tensile strength of glass fiber samples after alkali test
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Fiber diameter

Tensile strength (MPa) Rate of tensile

Type Sample name (um) Range Average strength change (%)
EGF 456~588 520 100

E-glass fiber EGF(48)* 52~99 173~498 240 46
EGF(72) 124~175 146 28
ARGF 70.5 263~555 444 100
ARGF Z0.5(48) 50~95 134~287 203 46
ARGF Z70.5(72) 151~235 197 44
ARGF Z1 344~785 508 100
ARGF Z1(48) 51~89 258~617 349 69
ARGF Z1(72) 231~518 290 57
ARGF 74 469~511 496 100

AR-glass fiber ARGEF Z4(48) 53~95 269~494 380 77
ARGF Z4(72) 205~554 306 62
ARGF 710 301~927 510 100
ARGF Z10(48) 54~97 235~821 466 91
ARGF Z10(72) 301~672 448 88
ARGF Z16 394~587 495 100
ARGF Z16(48) 50~99 330~661 481 97
ARGF Z16(72) 315~702 457 92

*( )z hour in alkali solution.
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