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Abstract: In this study, a glass fiber is fabricated using a continuous spinning process from alkali resistant
(AR) glass with 4 wt% zirconia. In order to confirm the melting properties of the marble glass, the raw
material is placed into a Pt crucible and melted at 1650 C for 2 h, and then annealed. In order to confirm
the transparency of the clear marble glass, the visible transmittance is measured and the fiber spinning
condition is investigated by using high temperature viscosity measurements. A change in the diameter is
observed according to the winding speed in the range of 100-900 rpm; it is also verified as a function of the
fiberizing temperature in the range of 1200-1260 C. The optimum winding speed and spinning
temperature are 500 rpm and 1240 C, respectively. The properties of the prepared spinning fiber are
confirmed using optical microscope, tensile strength, modulus, and alkali-resistant tests.
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Table 1. Batch composition of AR-glass sample.
Batch Composition (wt%)

Raw materials ARGF
Z4
SiO, 57.6
AlLO; 0.7
CaCOs3 7.7
MgCO;s 5.6
BaCOs3 2.8

Z1Si04 (ZrOy) 4.5 (4.0)
Na2C03 21 0
Total 100
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Fig. 1. Experimental procedure and 10 nozzle direct melting
spinning equipment.
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Fig. 2. Photographs of bulk samples: (a) before polishing and (b)
after polishing.

S15te] 307K o4} Al WS ZRT F B EEUAE A
Arsheich YSers AL G249 80 C 25 el
2= 9.ol(NaOH 0.88 g/I, KOH 3.45 g/l, Ca(OH), 0.48 g/l, pH
12.5) toll AT [9]. 71 Fol oEhew FF5E o] §
S AF @ o) F 40 EUAES FE-SEMS 0|83
A st

3.1. O |2l 24 =it
A5 A o 7127 2R3 -
A7) 2o 8835 ukE {2l Pk
ot 1% 2= Aup A3 So) vbE {2 ARdolch Aup A AL
oA fra] Yol 7]27}F ¢le-& 3l s ar, A Atof A
THA A ETREL 90.7%E Bl & 4= 919
48 59 TR oA Yetdes 3RS SR
S et et 887219 dx= Ae]7kSilica) F
[e]

m

-

2(0 oM,
i)
flo
il
T
Lot
=
ox
oft
s
of
oot
filo

1
Ir
a
ue,
i
2

= Log3 forming temperature(TF)2] -2 of 4] 4
HLAIZIt} [10]. AP Ao A ARGF_Z42] 4
=5 doliy] g8l A2k HolHE L
3teith. ARGF 749] Ami= 1339 C, 1292 C 12|31 1230
C o] &= o)A] ZH2} Log 2.5, Log 2.7, Log 30|t} [6].

H = r®
(ol

T rlo



292 ek A 258 A 55T A4E (20174 49)

351 32.65 um

+2.56

30

17.71 ym
+1.18 15.05 um
+0.94

L +1.46
15 \i\ . 10.65 pm

+1.39
10+

1 1 1 1
0 200 400 600 800 1000
Winding speed (rpm)

20+

Fiber diameter (um)

Fig. 3. Change of fiber diameter as a function of winding speed.

w
N
re
I
Ix
2= 4o
0z
Pl
il

z -
F Jo
i)
ox
Jo
ok
>
T
fr
=
o
N
)
o

H
u
4y
oo

do o R

=2

o=

ox. _111
o
:{m
jus)
z
[
inj
i
vz
o
rO
ol =2
4z
Siid

S W

2 rlo

P
'

r
i)
M
r o
>
X
i
4>
o/
Hn
°
of ro E oo BL /oo

=y
o
S~
>
N
N
off
>,
=2
[
o
i
wr 3 m
H > 1o of g 1o

e oo

1

o

Jo

=

N

2

2l

Y

N

it}

4 N

30
@ O

it}
=)
il
Jo
o
i
>
rlr oo
Ql'.

E=)
2 I

i)
=
l
4z
i)
o
)
o
H B
o
(=]
S
@)
)
X
=
X
R
1B
2

— O
~
Rl
N
)

N
o
et
o)
o
u
r <)
ut)
QL
8
o
re
1
o
Jo
fr
4

O
o
o
inj
1o
ﬂ
i
1
2
L
O
S
e
=]
o
N
r_\ll_ o

200~1260
A Az,

‘F}O
= i

3.3. elolel & W3lof wE MS Xl

sholt] o] 8|4, Ha o] Al £, 8§
$o] 4748 Aels 2 aslolth. 1Y 3L 9}
Aspoleh. 2 AL 1230 |
oA 2ol &% E 100~900 rpm7HA] WSHA AT <
TZOA] WA} £ 7} Z271EEE 89 Rl Ao] Tha

Fo Belstnh. RS S BT} oh G B of
54| 2] Poissieulle's equation®]] &J3]] A =T} [12].

X
e )]

[} IIP"
)
H1

o,

tl o
ox

oh
)
Ir

rIo
m T

ox ot flo rlo M

F =npgh/8nL (1
7] A,
F= SH9I A7kl BA19) =28 E )5}

s
op

=9 &
‘=Y HF

g= %Eﬂ 7=

h= EA] 9] base plateo]| A &FE2] =0]

n="gARZ ol A 8552 4

L= 54 gel Zo]

18

= 14.71 ym 14.44 ym
14.85 ym 441
5 16} “osa 117 11.38
s
L 5L 13.32 ym
GE) +1.24 13.03 pm
5 +1.10 15.93 ym
= 1411241 pym -
Nt £0.91 147
[0}
Ee]
[T

131
12

1ME

. \ , . . . .
1200 1210 1220 1230 1240 1250 1260
Temperature (°C)

Fig. 4. Change of fiber diameter as a function of fiberizing
temperature.
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Fig. 5. The rate of flow of molten glass through a nozzle (3 steps):
(1) drop, (2) cylindrical section, and (3) attenuation.
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Table 2. Droplet rate of nozzles according to the temperature for 4
minutes.

Temp. (C) 1200 1230 1240 1260
Dropletrate (g) 2.75 2.42 2.40 3.89
(a) (b) (c)

1240°C

1200°C 1260°C

Fig. 6. Droplet size change of nozzles according to the
temperature change for 4 minutes: (a) 1200, (b) 1240, and (c)
1260 C.
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Table 3. Modulus and tensile strength test of fibers as a function
of fiberizing temperature.

Fiberizing Number of Average tensile  Average

temperature strength modulus
(C) SAMPIES 4 dev) (MPa) (St.dev) (GPa)
1210 30 1061 (274) 37 (4.5)
1220 30 1061 (214) 35(4.8)
1230 30 970 (238) 36 (4.6)
1240 30 1065 (270) 39(6.3)
1250 30 1051 (273) 40 (5.1)

Fig. 7. FE-SEM micrograph of continuous spinning fibers at 1240
‘C and winder speed 500 rpm.
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Fig. 8. FE-SEM micrographs of glass fiber in solution at 80 ‘C for
0~24 h: (a) untreated fiber, (b) 6 h, (c) 12 h, and (d) 24 h.
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