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ABSTRACT

From Zr{0-nCyH)-H.0-C;H,OH-HNQ; starting sclutions, MgO-doped slabilized zirconia fibers with varying
conlent of MgO (10~-18 mol%) from different MgO sources were fabricated by sol-gel method. The MgO sources
used are magnesium nitrate hexahydrate, magnesium acetate tetrahydrate, and magnesium ethylate. The phase
transformation studies of a drawn MgQO-ZrO; fiber were carried out using X-ray diffraction, IR spectroscopy,
and Raman specirogcopy. The microstructure, tensile strength, and microporosity of fibers were investpgated
using SEM, tensile strength test, and microporosimeter. Although various MgO sources such as magnesium
nitrate, acetate, and ethylate were used, the crystallization behavior of MgQO-Zr(, fibers at different temperatures
could be summarized as follows: Cubic—>Metastable Tetragonal—Monoclinic—>Coexistence of Monoclinic and
Cubic—Cubicltrace of monoclinic). At 1500C , the phase transformation of MgO-Zr(; fibers shows the following
change depending on the amount of MgO[Mg(MNO,)-6H:0]: At 10 mol%, both monoclinic and cubic phase
coexist, at 12 mol%, monoclinic phase decreases rapidly, and then at 14 mol%, only cubic phase remains. When
the MgO-Zr(; fibers containing 12 mol% magnesium nitrate were heated at 800C for Llhr, average tensile
strength of fibers is 4.0 GPa at diameters of 20 to 30 um. As the heattreatment temperatures increase to
1000T for 1hbr, tensile strength of MgO-Zr(; fibers decreases rapidly to 0.7 GPa.
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1. Introduction racteristically they transform between phases depen-

dmg on the temperatures under almospheric pressure.

Zirconia ceramics have three well-known polymor- Also, zirconia exhibits excellent mechanical properties
phic forms-menoclinic, tetragonal, and cubic- and cha- such as high temperature strength and therefore, con-
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siderable attention has been given to MgO-, Ca()-, and
Y:0s-doped partially stabilized zirconia for their use
as a structural material because of high strength and
high toughness'=.

Among these partially stabilized zircenia, especially
widely used transformation-toughened ceramics are
based on magnesia-partially stabilized zirconia. These
materials are characterized hy a well-defined microst-
ructure consisting of cubic matrix containing a second
phases of fimely dispersed submicrometer tetragonal.
Transformation toughening in Mg-P5Z results from the
fact that when tetragonal dispersed in cubic is subjec-
ted to outside stress, tetragonal to monoclinic transfor-
mation absorbs stress-energy, maintaining the high st-
rength.

Cansequently, Mg-PSZ has various applications such
as dry-bearing, nozzle, exirusion die, components in
diessel engines, and biomaterials. And if these mate-
rials were made to fiber form, it could be used for
refractories, catalyst conductors reinforcements for
metals, and ceramics as well as potential uses in indu-
strial areas* %

Until now, because of their high melting point, zirco-
nia fibers cannot be fabricated by the melt process.
Accordingly, many methods are under investigation Lo
manufacture the zirconia fibers'™ ™. Among these me-
thads, fiher preparation using sol-gel process has atira-
cted a considerable attention because of its many exce-
llent characteristics. Y0z and CaO-doped zircoma fi-
bers prepared by sol-gel process were reported to have
high tensile strength abave 1 GPa®'@!119%

The preparation of Mg(O-doped zivconia fibers repor-
ted thus far are the following two cases. In one me-
thod, the zirconia fibers are spun out of zirconium ace-
tate or chloride solutions containing 7 mol% magne-
sium acetate or chloride in proper viscosity, In the
other method, it is spun from polyzirconosane solutions
with 4 wt% magnesium acetylacetonate usmng rotational
spinner’®¥. Also, Yermolenko et al.'® reparted to have
manufactured the zirconia fibers from zirconitm salt
solution with magnesium sall ranging 5 to 30 mol%
as a starting material.

But, in previous studies, they only fabricated the
fibers and no systematic researches have heen carried
out as to various expermmental factors affecting fiber
synthesis, phase transformation accompanying to heat
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treatment, microstruclure and tensile strength of fiber,

The preparation of MgO-ZrQ; fibers using zirconium
alkoxide have not been reported, either, Also, the
phase transformation affecting the property of zirconia
fiber depends markedly on the manufacturing process
and on the content and type of dopants.

The object of this study is to prepare MgO-ZrO,
fibers using zirconium n-propoxide and MgQ by sol-
gel process and to investigate the effect of the phase
transformation of Mg(Q-ZrO, fibers, systematically, as
Mg( sources were varied to magnesium nitrate, ace-
tate, and ethylate. Also, studies on phase transforma-
tion of MgQO-Zr(: fibers depending on the amounts
of Mgt} and heat treatment temperatures were carried
out by means of X-ray diffraction and wvibrational spect-
roscopy (FT-IR and Raman). Raman spectroscopy is
a very useful tool for phase identification of zirconia
because the Raman modes assigned to the tetragonal
phase and the meonochnic phase are distinctively appa-
reni.

We have also investigated the micrastructure of fi-
bers by SEM and measured the tensile strength of
drawn MgO-Zr0Q; fibers.

2. Experimental

2.1. The preparation of MgO-ZrO; fibers

In this work, zirconium n-propoxide[ Zr(O-nCsHq),
Fluka], magnesium nitrate hexahydrate[ Mg{NOa),* 6H,
0, Fluka; abbreviated as Mg(N)], magnesium acetate
tetrahydrate[ Mg{CH:CO.),-4H,O, Aldrich; abbreviated
as Mg(A)], and magnesium ethylate[ C:HuMgOs, Fluka;
abbreviated as Mg(E)] were used for MgO-ZrQ, fiber
preparation.

The Mg(Q-ZrO, fibers are prepared according ta the
flow diagram shown in Fig. 1. 1.2 M Zr(O-nCsH7-CoHs
OH solufions were measured in glove box under N
atmosphére and stirred in a waterbath at 25C for 1 hr,
The other mixed solution of C;H;OH-HNOs-Mg(W), Mg
(A}, or Mg(E) was added dropwise 1o the Zr{0-nC;H7)y~
C:H;OH s=olution using a syringe.

The prepared sol solulions were divided into PE
tubes, their pH measured and then concentrated at
80T for 6 hrs using a walerbath and kept open in
ambient air until they became viscous and sticky. When
the sol was concentrated enough for fiber drawing, the
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Fig. L. Flow chart for preparing MgO-ZrQ, fibers th-
rough Sol-Gel process.

zirconia gel libers were drawn from the resultant yel-
lowish viscous sol by immersing a glass rod of about
6mm in diameter and pulling it up by hand in the
laboratary (under 60% humidity at 25T ). We measured
the viscosily changes of sol solution to investigate the
viscosity changes depending on the amount of hydroly-
sis water and fberazibility range of prepared sol solu-
tion and the viscosity as a function of aging time using
LVTDV-II model viscometer. The drawn gel fibers
were heated 1 awr at a heating rate of 1T /min in
the range from room temperature to 1500T, intermit-
tently, held at various desired temperature for one
hour, and then ccoled in the furpace.

We analyzed the phase iransformation and microst-
ructure of heat-treated fibers using X-ray diffractome-
ter, IR, Raman spectrophotometer, SEM, and micropo-
rosimeter.

Also, the tensile strength of fibers depending on the
variwus heal treatment temperature and MgO sources
was measured using an apparatus made 1n this labora-
tory 1o delermine the mechanical properties of the fi-
hers.

A 31 A 10 & (1954)

2.2. X-ray diffraction and vibrational spectrascopic
analysis

To investigate the phase transformation relationships
of MgO-ZrQ, fiber depending on the amount of dopanis
and heat reatment temperature, the drawn fibers were
heated at temperatures ranging from room tempera-
ture to 1500C, and identified by means of PW1710
X-ray diffractometer (Philips. Co.) and RAMALOG-101
Raman spectrometer (Spex Co.). The Ni-filtered CuKe
radiation was used as the X-ray source and the measu-
rement conditions were as follows; 20kV, 25 mA, 20°
~80° (28).

The Raman spectra of the fibers were recorded at
the fallowing conditions; resolution 1cm™, slit width
80 um. As an exciting line, the 5145 nm line of an
argon ion laser was used for these experiments and
the incident laser power was 300 mW.

Also, when 12 mal% Mg(N) was added as a dopant,
we measured IR spectrum to investigate the behavior
of dopant in the gel fiber and the phase transformation
depending on heat treatment temperatures.

A small amount of pulverized zirconia fiher was mi-
xed with KBr powder and then pressed inte a transpa-
rent pellet. IR transmission spectra were taken with
the prepared specimens using MX-1 IR spectrometer
(NICOLET Co.) with the following conditions; resolu-
tion 1 cm™ Y, frequency range 400~4000 cm ™!, scanning
na. 27.

2.3. Thermal apalysis, microstructure, and tensile st-
rength of fiber

Ta investigate the thermal properties of drawn
MgO-ZrO. fibers, DT/TG analysis was conducted in
air at a heating rate of 5C /min using SDT1500 DT/TG
analyzer (TA strument Co.). Also, the microstructure
of Mg(O-ZrQ; fiber depending on the various heat trea-
tment temperatures and Mg( sources was investigated
using X-650 scanning electron micrescopy (Hitachi Co.)
and autopore 1T 9220 Mercury Intrusion Porosimeter
(Micromertics Co.). The tensile strength tester was

made in this laboratory in accordance with Kamiya et
al.¥.

3. Results and Discussion

3.1. Spinnability of MgQ-ZrQ, Rber
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The reaction mechanism of hydrolysis-polycondensa-
tion for preparing zirconia using zirconium alkoxide
has been reported by many researchers®™ and it is
well known that it is hard to control the reaction rate
because of rapid hydrolysis reaction even with small
value of H,Ofalkoxide ratio. Even though there are
many studies on the preparation of Zr(: fibers using
zirconium alkoxide, only Kamiya'® and Sakurai'” pro-
posed the polymerization mechanisms. From their re-
ports, zirconia in zirconia sol solution must form the
linear polymer structures in order for fiber to be for-
med from zirconium alkoxidé and they reported H,0O
falkoxide molar ratio, and pH are important factors
affecting the fiber fabrication. Kamiva et al.'® and Kim
et al’™® proposed that the spinmability of the sol was
accomplished by a H,0/alkoxide molar ratio of 0.7~ 15
and below 1, respectively, On the other hand, Whang
et al.™ reported that the zirconia fiber can be drawn
ta the HyOfalkoxide molar ratio of 3~4, if the pH of
gsol is below 1. Although more hydrolysis water is pre-
sent than that required for the molar ratio of 3, the
fihers can be drawn because the excess amounts of
nitric acid suppressed the precipitation of zirconia at
hydrolysis-polycondensation reaction, and also the h-
near polymeric structures formed in zirconia sol solu-
tion.

In the present work, we fabricated the MgO-Zr(,
fibers on the basis of proper experimental conditions
reported by Whang et al*® (H.O/alkoxide molar ratio=
3--4, HNQs/alkoxide molar ratio= 1.3~ 1.5, initial pH=
0.8}, and added Mg(N), Mg(A), Mg(E) as a dopant in
the range of 10 to 18 mol%, and investigated the phase
transformation depending on the amounts of dopants.

When the magnesium nitrate was added, the compo-
sitions and properties of sol solution for drawing MgO-
ZrQ; fiber are listed in Table 1. All of the fibers could
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Fig. 2. Variation of the viscosity of 12MgQ-887r0;
(mol%) solution with the melar ratic HxO/Zr(O-
nC;H»,=3, 4, 5 as a function of time (~: &
O: 4: < 3.

be drawn in the whole range from 10 to 18 mol%, and
in this case, H:O/alkoxide molar ratio, HNOs/alkoxide
molar ratio, and initjal pH was 3.1~3.6, 1.3~17, and
0.6, respectively. The molar ratio of ethanol varied in
the range of 216 to 500, but had no effect on fiber
drawing. Therefore, we fixed ethanol molar ratio at
216.

Fig. 2 1llustrates the change in viscosity of 12 mol%
Mg(N) doped ZrO. sol solutions with the molar ratios
of HoQ/Ze{O-nCH, =3, 4, 5 versus aging time for the
case in which the reaction Lemperature was kept cons-
tant at 80T .

When the molar ralio of hydrolysis water is 3, we
observed a slow mncrease in viscosiy durng the first

Table 1. Composition and Properties of Solution for the MgQ-ZrQ, System (MgQ: Mg(NO3).-6H.()

Composition{molar ratio) Mg {mol%) Initial Reaction Fiber
Solution pH time at length
Zr{0-nC;Hy), HO C:HsCH HNG; Cal.  Anal (25C) 80T /h (cm)
10 MZ 1 310 216 164 10 9.5 0.6 5.30 50
12 MZ 1 340 216 1.73 12 115 05 5.30 50
14 MZ 1 3.35 216 1.60 14 — 0.6 6.00 40
15 MZ 1 357 216 1.70 16 — 0.8 6.00 30
18 MZ 1 333 216 1.33 18 — 0.6 6.00 30
—1150— 49157
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Fig. 3. FT-IR spectra of 12MgN) doped-Zr0; (in
mol%) gel fibers heated to different tempera-
ture.

60 hrs of aging time and then viscosity increased rapi-
dly. When the molar ratio of hydrolysis water was inc-
reased to 5, the rapid increase in viscosity appeared
after 40 hrs of aging time. Also, when the viscosity
reached above 200 Poise, 11 was difficult to measure
the viscosity because of gellation at the surface of sol
solutions.

In the present experiment, we can produce the gel
fibers al 10~50 pum diameter in the viscosity range
bhetween 20 and 70 Poise and observe the increase

of fiber diameter as the viscosity increased.

3.2. Phase transformation studies of MgO-ZrO, fi-
bers using X-ray diffraction and vibrational spectros-
copy

321 IR spectrum of MgO-ZrO, gel fiber

In Mg()-ZrQ, fibers, we investigated the behaviors
of MgO in fiber and the phase transformation relation-
ships depending on the varation of sintering tempera-
ture by use of IR transmission spectroscopic analysis
{Fig. 3 and Fig. 4).

Strong absorption peaks around 3200 ¢m ™! and 1600
cm ! are ascribed to vibration of water melecules me-
juded 1 the samples. The mtrate groups in gel {ibers

A 314 A 10 £1994)

Transmittance %

Wavenumber (em™ )

Fig. 4. FT-IR specira of 12Mg(N) doped-ZrQ, (in
mol%) gel fibers as a function of sintering tem-
peralure.

may be present as ionic state (NOy™), monodentate {I),
chelating (11} and/or bndging {III) groups™™.

Peaks around 1380 cm ! and 1050 cm™ are due to
isolated NQ;~ lon corresponding to N-O stretching vib-
ration and the shoulder peak around 1330 cm™! and
1230 cm™! are for NOs~ groups covalently bonded to
metal atoms in the forms such as moncdentate and
chelating. From the intensity of the nitrate peak, we
conclude that a majory of NO;~ groups is present
in ionic state in the gel. As the temperature increases,
NQ,;~ ions disappear and then initial monodentate peak
transforms lo chelating or bridging represented around
1330 cm L

IR results of MgQ-ZrO; fibers sintered at 00T for
1 hr show the fact that 211 of nitrate peaks disappear
completely and magnesium ions participate m a crysta-
llization of zirconia.

Fig. 4 shows IR spectra of phase transformation of
Mg0-Zr0, fibers depending on the variation of sinter-
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Fig. 5. X-ray diffraction patterns of Zr(Q; gel fibers
taken as a funclion of Mg0D amount smtered
at 1500 for 1h (C: Cubic, M; Monoclinic),

ing temperatures (4007, 600, 800T, 10007, and
1500TC ) in 400~-800 cm™! ranges.

From the results of IR analysis of Y,0,-ZrO, fibers
reported by Phillippi et al®’, the peak of cubic is at
480 em™Y, those of tetragonal at 365, 435, 510, 575 cm ™),
and those of monoclinic at 235, 270, 360, 375, 415, 445,
51b, 620, 740 cm™?, respectively. In the present work,
the tetragonal peaks of fibers sintered at 800°C for
1hr are around 441, 460, 470, 530 em ™" and the monoc-
linic peaks of fibers sintered at 1000C are at 422, 502,
580, 730 cm™! and cubic peak at around 482 cm~! in
1500C -sintered fibers.

3.2.2. Crystallization of Mg0-Zr(, fibers depending
on the variation of Mg0O amount and sintering tempera-
ture

XRD was used 1o study phase transformation with
dopant concentration and sintering temperature. Fig. 5
represents the XRD patterns of MgQ-ZrQ; fihers de-
pending on the variation of MgQ amount i 10~18
mol% range sintered at 1500C for 1hr

In the case of 10 mol%, monoelinic and cubic peak
coexist, and at 12mol% monoclime peak disappears
and only cubic peak exists. After this, as the amount
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Fig. 6. X-ray diffraction paiterns of 12Mg(N) fibers
taken as a function of sintering temperatures
(C: Cubic, T: Tetragonal, M: Monoclinic).

of MgQ mcreases, Lhe position and shape of peaks do
not change.

Fig. 6 is the results of phase transformation of 12Mg
(N) fibers depending on sintering temperatures in 20°
~40° (28) range.

Crystallization starts at 400 . The crystalline spe-
ces precpitating first was cubic as shown in d values
(2.93) of main peak. In the case of 800T -sintered fi-
hers, the d value of main peak is 2.95 and represents
similar to those of Lhe metastable tetragonal. At 1000
T, the phase complelely transformed 1o monoclinic,
As the sintering femperature increases up to 1500,
crystal phase changed lo cubic (d value of main peak
is 2,93} and coexists with a small amount of monoclime.
The sequence of phase iransformations with the ther-
mal evalution of MgO-Zr, (12 mol% Mg(N)) fiber is
determined n the Iollowing way: MgO-Zr(Q; amor-
phous gel—cubic (400T }>metastable tetragonal (800
T )—monoclinic  {1000C )—cubic{trace of monaclinic)
(15007 ). This is in agreement with observahons repo-
rted by Kundu et al®?.

Fig. 7 represents XRD patterns of phase transforma-
tion of 12Mg(N}, 12Mg(A), and 12Mg(E) fibers with
different Mg sources sintered up to 1500C in 20°~
80° (20) range. The phase transformation in all of
Lhese compositions represents the same tendency. But,
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Fig. 7. X-ray diffraction paiterns of Zr(h gel fibers taken as a function of sintering temperatures for {a) Mg(N),

(b) Mg(4), and (c) Mg(E).
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Fig. 8. Raman spectra of ZrQ; gel fibers taken as a
function of MgO amount sintered at 1500 for
1h.

at 14007, the ratios ot cubic to monoclinic exhibited
as [ollows: Mp(E)>Mg(A)>Mg(N).
The symmetries of the Raman bands corresponding

A 314 Al 10 2(1994)

to the various phases have been discussed earlier®—#3,
As 1 can be seen, the Raman spectra reflect the effects
of increasing MgQ concentrations.

Fig. 8 shows Raman spectra of Zr(Q: fibers which
contain Mg(N) in 10~~18 mol% range.

In the case of 10mol%, Raman spectra exhibits a
mixture of monoclinic and cubic phase. At 12 mol%,
the intensities of the characteristic monoclinic peaks
decrease rapidly and only traces of monoclinic phase
exisl. This result is wn disagreement with the XRD
result which shows no monoclinic phase at 12 mol%
MgO. This result clearly demonstrates that the sensiti-
vity with which the Raman spectra are capable of dete-
cting the monoclinic phase in the presence of cubic
phase.

From 14 mal%~18 mol% range, the shape of the
broad continuum of Raman band varies little with con-
centrations of MgQ. In this region, disordered cubic
phase exhibit a broad, poorly defined maxima at 618,
262, and 146 cm™'. It 18 apparent from the Raman spe-
ctra of the disordered cubic zirconia that this solid
solution behaves more like an amorphous than a crys-
tallne compound. This result is in accordance with
the CaQ-Zr0, system with massive point defects stu-
died by Keramidas et al?.
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Fig. 9. Raman spectra of Zr{: gel fibers taken as a function of sintering temperatures for (2) Mg(N}, () Mg(A),

and (c} Mg(E).

The phase transformation of 12Mg(N), 12Mg(A), and
12Mg(E) fibers depending on the variation of sintering
temperatures by use of Raman spectroscopic analysis
is shown in Fig. 9.

All of gel fibers start to crystallize at 400C. At 800
'C, we can observe tetragonal phase as the first preci-
pitating crystal species and six Raman active maodes
predicted from the group theory are all present at 149,
265, 322, 467, 604, and 644 cm™L. As the sintering tem-
perature is raised up to 1000C, all of the characteristic
tetragonal peaks disappear and doublet of menoclinic
peaks start to develop. From the group theory, monoc-
linjc phase is predicted to have 18 Raman active mo-
des, but only 13 Raman active modes are observed
in this study, At 14007, mainly, monoclinic phase exi-
sts, but, small amount of cubic phase coexist. At 1500
C, the shape and intense band of the well ordered
monoclinic phase is transformed to a very broad, ill-
defined band of disordered cubic phase. This agrees
with the results from XRD and IR spectroscopic stu-
dies. Also, m the case of 1ZMg(N) fibers, the characte-
ristic monoclinic doublet at 181 and 192 cm ™' is stll
present very weakly.

12Mg(A) and 12Mg(E) fibers exhibit the same ten-
dency with 12Mg(N) fibers.

100 T T 1
80 + -
e
O/O O/
— ek _
& © A
=
g
£ oo} .
b
20 -
0 1 1 1
0 400 800 1200

Temperature (°C)

Fig. 10. Porosity of 12Mg(N) fbers sintered at diffe-
rent temperatures and 12Mg(A) and 12Mp(E)
fibers sintered at 800C for Lh (O: 12Mg(N),
O: 12Mg(A), ~: 12Mg(E)).

3.3. The properties and microstructures of MgO-Zr(,
fibers

Fig. 10 represents the variation of the microporosity
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Fig. 11. DT/TG analysis of ZrQ, gel fibers for 12Mg
(W), 12Mpg(A), and 12Mg(E) (—: 12Mg(N); ---:
12Mg(A); ~--: 12Mg(E).

of 12 mol% Mg(N)-Zr(, fibers with the sintering tem-
peratures {2007, 400, 800C, 1000°C, and 1200T)
and alse with the various MgO sources {(12Mg(N), 12
Mg(A), and 12Mg(E) sintered at 800C for I hr).

In the porosily variation depending on the sintering
temperalures, the high porosity before 8007 is due
to the decomposition of organic materials and nitrate
in 12Mg(N) gel fibers. Since the decomposition of or-
ganic materials and nitrate are completed at 800T,
the fibers have a minimum porosity, At 1000T, the
increasing perosity was due to the coalescence of pores
between grans by the rapid sintering of grains in gel
fibers.

Also, in the cases of the variation of microporosity
with the MgQ sources, 12Mg(N} fibers have the lowesl
porosity, that is, it is due to the rapid decomposition
of acetate and ethylate producing large pores in 12Mg
(A) and 12Mg(E) fibers at low temperature, while the
slow decomposition of nitrate produced small pores
in 12Mg(N) fibers.

Fig. 11 shows the DT/TG analysis of MgO-ZrQ; fi-
bers depending on the variation of MgQ sources such
ag 12Mg(N), 12Mg(a), and 12Mg(E).

All of fibers represent the same tendancy. That is,
large endothermic peak observed below 100T are due

A 3L A 10 F(1594)

el

Fig. 12. Scanning electron micrographs of 12Mg(N) fi-
bers for (a) gel, (by 8007, (&) 1000, and (d)
1500C .

to the evaporahion of alcohal and water remaining in
the gel. All of fibers exhibit the exothermic peaks due
to the decomposition of organic materials in tempera-
ture range of 200~300C . In the case of 12Mg(E), the
sharp exothermic peak around 200C is due lo the
mere decomposition of organic materials than 12Mg({N)
or 12Mg(A). A large portion of acetate or nitrate groups
incorporated inte gel structure 15 thermally decompos-
ed at 350~4507, leaving micrapores.

All of fikers show a small exothermic peak around
450 which is aftributed to the erystallizaiion of gel
fibers.

Also, all of fibers exibited about 52% weight loss.

The difference in thermal evoulation such as decom-
position temprature and rate among the gel fibers de-
pend on the vanation of Mg( sources.

Accordingly, the difference in thermal bebavior of
gel fibers produce the difference in pore structure
which in turn, affect the mechanical strength of resul-
tanl fibers.

Fig. 12 shows SEM photographs of the microstruc-
ture of 12Mg(N) gel fiber, 800C -, 1000C -, and 1500 -
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fe)

Fig. 13. Scanning electron micrographs of 12Mg(N), 12Mg(A), and 12Mg(E) fibers sintered at 1500C for 1h.
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Fig. 14. Tensile strength of 12Mg(N) fibers sintered
at 800T for 1h

treated fibers, tespectively.

From SEM results, the diameter and cross-section
represent the various shapes which are related with
the variation of viscosity at fiber drawing. That is, the
fibers have a small diameter and a round cross-section
in low viscous sol solutions, while the fihers have a
large diameter and net-round cross-section in high vis-
cous sol solutions.

In the case of 12Mg(N), 800T - and 1000T -heat
treated fibers retain very smooth surface and fracture
surface. However, average grain size of fiber sintered
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Fig. 15, Tensile strength of 12Mg(N) fibers sintered
al 1000C for 1h.

at 15007 for lhr increases to approximately 5 um and
shows many pores between grains. It is believed that
small pores are coalesced 1n grain boundary due to
the rapid grain growth of fine grains in fiher at high
temperature and formed the continucus pore trail to
the fiber surface. These results are in good agreement
with those of Sim et al?®,

Fig. 13 shows SEM photographs of the surface and
fracture surface of 12Mg(N), 12Mg(A), and 12Mg(E)
fihers sintered at 1500C for 1hr.

All of fibers show the rapd gram growth and retain
many pores,

3.4. The tensile strength measurement of MgO-ZrO,
fibers
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Fig. 16. Tensile strength of 1ZMg{A} fibers sintersd
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To investigate the mechanical properties of 12Mg(N)
fibers, we measured the tensile strength of fibers sin-
tered at 800°C and 10007 for 1hr, respectively (Fig.
14 and Fig 15).

Since hand-drawn fibers do not have a constant dia-
meter and a unique shape In cross-section as shown
in SEM results, tensile strength and fiber diameter
are scatfered.

Average fensile strength of 800T -treated 12 mol%
Mg(WN) fihers is about 4.0 GPa at diameter of 20~30
pm, while that of 1000C -treated fibers decreases io
0.7 GPa at the same diameter range. This is due io
the phase transformation from tetragonal phase (800
te menoclinic phase (1000C) as observed by XRD and
Raman spectroscopy and ihe lowest porosity of 00T -
treated [ibers by microporosity measurement.

Tensile strengths of 12Mg(N), 12Mg(A), and 12Mg
(E) fibers sintered at 800 for lhr are shown in Fig.
14, Fig. 16, and Fig 17,

Average tensile strength of 12Mg(A) and 12Mg(E)
fihers 15 about 2.0 GPa and 1.9 GPa, respectively and
they have a lawer lensile strength than 12Mg(N) fibers
at diameter range of 20~30 wm. The more rapid 1e-
moval of acetate and ethylate in 12Mg(A) and 12Mg(E)
fibers than nitrate w 12Mg(N} fibers and many pores
play the important role of decreasing the tensile stre-
ngth of the fibers,
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Fig. 17. Tensile strength of 12Mg(E) fibers sintered
at B00T for 1h.

4. Conclusions

In the present study, we succeeded in fabricating
MgO-Zr(), fibers by sol-gel process using Zr(QO-nCyll)-
H0-C,HOH-HNOy solutiens and different Mg0O sour-
ces.

Following results were obtained.

1) MgQ-Zr0; fibers could be hand drawn from the
solutions with pH lower than 0.6, and concentrated
al 80 . The gel fibers and sintered fibers have diame-
ter of 10 to 50 um and length of 30 to 50 cm.

Also, no important differences i spinnability were
observed depending.on the origin of MgQO and its
amodnt.

%) The analysis of XRD and Raman spectra of Mg(N)
fibers contzining from 10 to 18 mol% magnesium mt-
rate sintered at 15000C for 1hr, we conclude that mo-
nochnic phase and cubic phase coexist at 10~12 mol%,
while only cubic phase is present from 14 mol%.

3) When the MgO contents in MpO-ZrQ, fibers are
fixed at 12 mol% and MgO sources are varied (Mg{N),
Mg(A), and Mg(0)), the ¥RD, IR, and Raman spectros-
copic studies shows the foliowing phase transforma-
tion; cubic—metastable tetragonal—monoclnic—coexi-
slance of monoclinic and cubic—cubic,

4} From the microporosity results of 12Mg(N) fibers
depending on sintering temperatures, 8007 4reated fi-

— 1157 —



Chin-Myung Whang and Hee-Tai Eun

bers represent the lowest porosity.

Also, as the MgO sources are varied to 12Mg(N),
12Mg(A), and 12Mg(E) sintered at 800C for lhr, 12Mg
(N) fibers represent the lowest porosity. It is thought
to be due to the more rapid decomposition of acetate
and ethylate than mtrate in fiber.

5) The tensile strength of B00T -treated 12Mg(N)
fibers is 4.0 GPa at diameter of 20 to 30 um, while
that of 1000C -treated fihers is 0.7 GPa at the same
diameter range. It is due to the phase transformation
from tetragonal (80T ) to monoclinic (10007 ).

Alsg, the tensile strength of 12Mg(N), 12Mg(A), and
12Mg(E) fibers sintered at 800T for lhr is 4.0, 2.0,
and 1.9 GPa at diameter of 20 to 30 pm.
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