JOURNAL OF MATERIALS SCIENCE36(2001) 441—-450

Reinforcement of molten carbonate fuel cell
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Improvement in strength of y-LiAlO, matrixes for a molten carbonate fuel cell (MCFC) via
addition of rod-shaped y-LiAlO, particles has been investigated. The rod-shaped y-LiAIO,
particles with the aspect ratio of 9-15 were obtained by heat-treating rod-shaped g-LiAIO,
particles at 800 °C for 3 h, synthesized from the reaction mixture of LiOH-y-Al,03-NaOH.
The y-form was very stable for more than 700 h in a molten carbonate environment at

650 °C, while the g-form showed both a phase change from g- to y-LiAlO, and a
morphology change from rod- to bipyramid-shapes. The average pore size and the porosity
of the matrix (5650 um thickness) fabricated by tape-casting of the slurry with weight ratio
1.0 of rod-shaped y-LiAlO; particles to commercial y-LiAlIO, powders (2.0 um dia.) were
about 0.12 um and 54%, respectively, after being heat-treated at 650 °C for 2 h. The strength
(197 gi/mm?) of the rod- shaped particle reinforced matrixes was enhanced more than twice
as much as that of the non-reinforced y-LiAIO, matrixes (91 g¢/mm?). © 2001 Kluwer
Academic Publishers

1. Introduction molten carbonates in the environment as MCFC, it has
The molten carbonate fuel cell (MCFC) is one of thebeen revealed that the fiber-addition caused the cell per-
most attractive methods for future electric power genformance to decay gradually with running time. On the
eration. The MCFC has great advantages, such as vepther hand, some limited researches on reinforcements
high electrochemical conversion efficiency and pollu-of y-LIAIO » matrix by adding alumina fibers coated
tion free operation, but a lot of improvements in thewith y-LiAIO  or y-LiAIO ; fibers [2, 6, 7] have been
MCFC operating life-time and efficiency are still re- conducted to minimize the corrosion problems. Itis ba-
quired for its commercialization. The component ma-sically believed that these types of fiber may provide
terials of construction for the fuel cell stack operatedthe desired strengthening of the matrix, but the result of
at the high temperature of 65Q are of prime impor- these fiber-reinforcements on the fuel cell performance
tance. In particular, the matrix which contains the veryhas not been clearly explained yet. An improvement in
reactive electrolyte like alkali molten carbonates shouldmatrix strength via addition of a second phase crack
be inert as well as stable for electrolyte retention [1-arrestors like large/-LiAIO , particles has also been
3]. Therefore, the MCFC matrixes have been usuallysought [8]. Although some improvements have been
fabricated to have a porosity of 50-60% and a poreachieved by the above methods, further improvement
size below Jum usingy-LiAIO ; which is knownto be in matrix strength/thermal cycleability may be desir-
very stable for molten carbonates [4]. Another impor-able to meet the commercialization requirements of the
tant property of the matrix is the mechanical strengthMCFC system.
to maintain structural integrity under stacking load, es- In recent years, rod-/needle-shaped.iAlO , sin-
pecially during the thermal cycle. gle crystals superior to polycrystalline fibers in points
Materials for reinforcing the MCFC matrix should of their chemical and thermal stability and mechani-
notonly be inert to molten carbonates but also free frontal strength have been extensively considered as a new
phase transition/microstructure change even for a longnaterial for reinforcing the MCFC matrix [9, 10]. Be-
period of operation at the high temperature of 660  sides their property excellence, rod-shaped single crys-
Alumina fiber-reinforcements were attempted to im-tals may be easily manufactured in comparison with the
prove the mechanical properties of theLiAlO, ma-  fiber [11, 12], and also be uniformly dispersed inside
trixes [2, 5]. Since alumina fibers were not stable withthe matrix even via tape casting. However, the actual
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performance of the MCFC matrix reinforced by the ad-TABLE | Compositions of reaction mixtures for synthesizing rod-
dition of rod-shapegr-LiAlO , particles is still open to ~ Shapeds-LIAIO crystals

question. Mole ratio Mole ratio NaOH

In this work, the high strengtly-LIAIO, matrix  specimen (LIOFH,0 : (LIOH-H,0/ content
for MCFC has been developed via the addition ofNo. y-Al203 : Na OH) y-Al203) (mole %)
rod-shaped -LiAlO , particles as reinforcing materials

: : 1 3.33:1.67:5.00 2.0 50

prepared by heat-treating rod-shapggdliAlO , crys- 2 3.75 - 1.95 5 00 30 50
tals synthesized from the reaction mixture of LiQH- 3 4.00:1.00:5.00 4.0 50
Al,03-NaOH. The phase/morphology stability and the 4 4.17:0.83:5.00 5.0 50
corrosion resistance of LiAlQwere evaluated from 5 4.29:0.71:5.00 6.0 50
results obtained by a corrosion test in alkali molten © 6.13:0.87:3.00 7.0 30
carbonates, and the microstructure and mechanicag Zg:jg'ggjg'gg ;'8 gg
strength of reinforcegk-LiAIO ; matrixes are also dis- ¢ 350050 : 6.00 70 60
cussed. 10 4.44:0.56:5.00 8.0 50

2. Experimental procedure
2.1. Synthesis of rod-shaped

in Table I. The rod-shapef-LiAIO , was crystallized
by heat-treating the slurry of DI water (30 wt%) and the

B-Iy-LiAlO; crystals . reaction mixture (70 wt%) of Table | in an alumina cru-
The overall experimental flow chart for this study on cjple at 200-700C for 3-20 h. The heating rate was
reinforcing the MCFC matrix by adding rod-shaped 1_5°C/min. The final rod-shapefl-LiAlO , particles
y-LIAIO 7 particles is given in Fig. 1, and the detailed \yere obtained after removing NaOH and residual sol-

experimental procedure in each step is as below.  yble components via washing the reacted mixture with
The crystal phase of LiAl@can be obtained in var- p| water for 24 h.

ious forms depending on reaction conditions and start- For the synthesis ofy-LiAIO, particles due to

ing materials. In this work, the formation reaction of the phase transition of to  form, the rod-shaped
the rod-shape@-LIiAlO ; crystal at relatively low tem-  g-] jA|O , particles were heat-treated in an alumina cru-
perature was based on the following reaction suggestegible with the top-cover or without the top-cover at 700—
by Kinoshitaet al. [11]. 800°C for 0.5—-20 h. The crystalline phase was analyzed
by XRD (Rint 2700, Rigaku) and the morphology and
aspect ratio of rod-shaped particles were observed by
SEM (H600, Hitachi).

2LiOH + Al,03 = 2LIAIO, + H,O Q)

LiOH-H20 (Junsei Co.) ang-Al,0O3 (Aldrich Co.)

were used as sources of LiOH ang:®%, respectively,

and NaOH (Junsei Co.) as flux and reaction promoterp 2. Corrosion resistance of 8-/y-LiAlO,

The compositions of the reaction mixture used for con- against molten carbonate

trolling the aspect ratio of rod-shaped particles is givenrhe corrosion testing was conducted to verify whether
rod-shape@3-/y-LIAlO , particles synthesized in this
work could be used as an appropriate reinforcing ma-
terial of they-LiAIO , matrix in the operation environ-
ment of MCFC. The corrosion tests were performed
for powder samples immersed in molten carbonate
of 650°C for 24-700 h under ambient atmospheric
pressure. For comparison, the commergialiAlO ;
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Figure 1 Overall experimental flow chart.
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powder (HSA-10, Cyprus Co.) used as a matrix mate-
rial in this work was also tested. The same composi-
tion of the molten carbonate electrolyte (mole ratio of
Li,COs/K,CO3 =68/38) as used in the actual MCFC
unit cell test in our research group was utilized. After
removing the carbonates remaining in the corrosion-
tested samples by washing with the mixture solution
of acetic acid (99%, Duksan Co.) and acetic anhydrate
(99%, Duksan Co.), phase and morphology changes
of each particle were analyzed by XRD and SEM,
respectively.

2.3. Preparation of reinforced

y-LiAlO, matrixes
The MCFC matrixes were fabricated by tape-casting of
the slurry consisting of organic solvent, additives, and
solid constituents as commercigtLiAIO , particles



TABLE Il Slurry composition for tape casting of reinforcgeLiAlO , matrixes

Solid Solvent
y-LIAIO ; powders (HSA-10} Ethyl Binder Plasticizer Dispersant
Materials Rod-shaped particles Toluene alcohol Polyvinylbutyral Dibutylphthalate Solsperse-9000
Content 30.2 36.9 15.8 7.5 9.0 0.6
(Wt%) (Rod-shaped particle

content=0~ 100 %)

(Cyprus Foote Mineral Co.) and rod-shapedliAlO,  (Model 1127, Instron Co.) with 2 kg load cell.
particles manufactured in this work. A mixture of
toluene (99%, Samchun Co.) and ethyl alcohol (99%, o= 3PL
Duksan) was used as a solvent (dispersent medium) in- (2bd?)
stead of water because of the high reactivity of LiAlO
with water. Polyvinylbutyral (98%, Sigma Co.) as a In Equation 2¢ (gi/mn?) is three-point bend strength,
binder, dibutylphthalate (99%, Junsei Co.) as a plastiL (mm) span distancdy (mm) specimen width, and
cizer, and solsperse-9000 (Imperial chemical Ind.) as d (mm) specimen thickness.
dispersant were employed. The slurry composition of
these components for tape-casting of fiber-reinforced
or fiber freey -LIAIO , matrixes was optimized already 3. Results and discussion
and published in our previous paper [13]. Table Il shows3.1. Rod-shaped particles
the slurry composition used in this work, which is the 3.1.1. Crystallization of 8-LiAlO,
same as before except for the type of solid constituentsThe effect of the composition of the starting reaction
The fiber for reinforcing the matrix was replaced with mixture ong-LiAlO , crystallization and their morphol-
rod-shaped particles, and only the HSA-10 type of com-ogy was examined by XRD and SEM. Fig. 2 shows the
mercial y-LiAlO , powders of which the specific sur- morphology change of reaction products depending on
face area and the average particle diameter are’l§ m the molar ratio of LIOHH,O/y-Al,Os in starting ma-
and 2um, respectively, was used as a basic matrix materials containing 50 mole % NaOH. The reaction mix-
terial. The content of rod-shaped particles in the finatures were heated upto 600 at 5°C/min, and then
calcined matrix was varied to be in the range from O todwelled at that temperature for 3 h. As seen in Fig. 2a,
100 wt% for optimizing the reinforced MCFC matrix. although the mole ratio of 2.0 corresponds to the sto-
Non-reinforced matrixes were also prepared from thachiometric ratio of Equation 1, rod-shaped particles
slurry containing the solid mixture of 50 wt% HSA-10 had not been formed. Furthermore, the reaction prod-
particles and 50 wt% LSA-50 particles of low surface uctwas found to be not LiAl@but mainly LAl 4(COzs)
area 0.1 riyg and diameter 50m for comparison with  (OH);,-3H,0 through XRD analysis. This result means
the reinforced matrixes. that all of aluminum in the reaction mixture could not
The green sheet of the matrix (55 cn?) was fab-  react completely with lithium under the given reaction
ricated to have thickness 500-60aén by tape-casting conditions because of the low activity of lithium. As
of the slurry over a smooth polyethylene film using athe mole ratio (i.e., amount of LIiOH,0) increases,
doctor blade apparatus (double blade type) made bkiowever, rod-shapeg-LiAlIO , crystals start to appear
Korea Institute of Science and Technology. The detailsn part, and finally only purg-crystalline phase exists
of slurry preparation, tape-casting procedure, and heatnd all crystals have grown into rod-shapes when the
ing schedule for green sheets upto MCFC operatiomolar ratio reaches above 7.0 as shown in Fig. 2e and f.
temperature 650C were described in previous papers It was concluded that the excess amount of LiByD
[13, 14]. In order to optimize the ball milling time of (mole ratio>7.0) should be added for all aluminum
the slurry, the morphology/aspect ratio change of rodcompletely to react with lithium. Therefore, the syn-
shaped particles with the milling time (3-5 d) was ex-thesis of rod-shaped-LiAlO ; in this study hereafter
amined in the final matrixes prepared from the slurrywas tried on the basis of starting materials having the
containing 100% rod-shaped patrticles only as a solid.iOH-H,0O/y-Al,03 mole ratio of 7.0.
component. In order to optimize the formation temperature of
The morphology and microstructures of the rein-rod-shape@-LiAlO , crystals, the crystalline phase and
forced matrixes were observed by SEM, and the porosthe morphology of reaction products obtained via heat-
ity and the pore size distribution were determined bytreating the reaction mixtures specified above at 200—
Mercury Porosimetry (Autopore Il 9220, Micromerit- 700°C for 3 hwere analyzed by XRD (Fig. 3) and SEM
ics Co.). The flexural strength was examined for ma<{Fig. 4), respectively. Fig. 3 shows that the crystalliza-
trixes heat-treated at 65C for 2 h and expressed as tion of 8-LiAlO ; starts even at 200 but its crystalline
a three-point bend strength calculated from Equation Dhase is fully developed at 60Q. On the other hand, it
using fracture loadind® (gr) determined at room tem- was observed thgtcrystalline phases were completely
perature under conditions of 1 mm/min cross head vetransformed into thg--phase around 70@. The mor-
locity and 25 mm span distance by Bend Strength Testgohology of the reaction product changed gradually into

)
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Figure 2 SEM micrographs of LiAIQ synthesized from reaction mixtures (50 mole % NaOH) with different mole ratios of lHRE/y -Al ,03:
(a) 2.0, (b) 4.0, (c) 5.0, (d) 6.0, (e) 7.0, and (f) 8.0.

rod-shapes as heat-treatment temperature increased. #ian mixture with the LIOHH,O/y-Al,O3 mole ratio
seen in Fig. 4, the perfect rod-shaped.iAlO , with  of 7.0 and the NaOH content of 30-60 mole % were
diameter of about um and length of about 1@m  observed (see Fig. 5) and the aspect ratios determined
could be obtained at 60C. However, it is very inter- from SEM pictures are given in Fig. 6. As can be seen
esting that rod-shapegtLiAlO , crystals transform to-  in Figs 5 and 6, the aspect ratio increases with the con-
tally into they -LiAIO , phase with a bipyramid crystal tent of NaOH in the range of 0-50 mole %: in the case
structure when being heat-treated at 700higherthan  of 50 mole % the high aspect ratio of 6.0-12.0 (diam-
the phase transitior(phase— y phase) temperature eter of about um), which is considered to be suitable
of 650°C. The optimum temperature for synthesizingfor reinforcing the matrix made of 2m y-LIiAIO »
rod-shapeg-LiAlO ; crystals with a large aspect ratio particles, could be obtained. When the NaOH content
was fixed as 600C from Figs 3 and 4. becomes 60 mole%, however, the excess NaOH pro-
hibits the reaction/direct contact between LIOH and
y-Al,03, and consequently kAl 4(CO3)(OH)12-3H,0
3.1.2. Aspect ratio of 8-LiAlO, crystals is the main product: this was also observed when the
The aspectratio (lateral length/diameter) of fibrous typecontent of LIOHH,O in the reaction mixture was not
materials is one of the mostimportant factors governingsufficient as explained in Fig. 2a.
the strength of the fiber-reinforced matrixes. The con- The effects of heating rate and dwelling time at
trol of the aspect ratio, however, is not easy, particularly600°C on the morphology/aspectratio of rod-shaged
for very short fibrous materials directly synthesizedLiAlO , particles synthesized from the reaction mixture
through crystallizing, like the rod-shapgtLiAIO,  with the same mole ratio above and 50 mole% NaOH
particles in this work. The morphology changes of rod-were analyzed by SEM. It was found that the aspect
shaped particles synthesized at 6G0from the reac- ratio was independent of the heating rate in the range of
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1-5°C/min. As aresult, the faster heating rateC3min
y-LiAlO,, e: B-LiAlO, was preferred in this work. Fig. 7 shows the linear in-
crease of the aspect ratio with the dwelling time in the
range of 2—10 h, while the aspect ratio has the almost

700 °C constant value of 9—15 (average 12) after 10 h. Itis con-
1 cluded that the maximum aspect ratio being obtainable
. s N . in this work was on average 12.
,_..JLALLM_J L\__j_.}u«_./\_M_JL_ SIS NIV NSV
(10 . 3.1.3. Synthesis of rod-shaped
1 600 °C y-LiAlO, particles
o * " Since particles ofy-LIAIO , having the tetragonal
3 L I . T .. structure are generally platelets or bipyramids in shape,
3 ,__,J L N Y qukm it is well known that the/-form can not easily be crys-
[=

500 °C tallized into rod-shapes unlike theeform [1]. There-
M J fore, the synthesis of rod-shapg€liAlO , particles by
o W the transformation of rod-shapetiLiAlO , particles
M ﬂ obtained in the preceding section to rod-shaped forms
e was tried, and the crystalline phase/shape of products
300°C was analyzed by XRD/SEM as given in Table IIl. The
et A transformation of rod-shapefd-LiAIO , particles to
\ 200°C the y-phase was not observed around 7G0but oc-
J\__.JUU.J‘JLMMLMWw curred completely or partly above 750 depending
0 20 1 4 5 6 70 8 on the heat-tre_atment time and atmosphere (i.e., cru-
cible closed with top-cover or open). The complete
2 0 (degree) transformation of thes-phase to the/-phase was ob-
Figure 3 XRD patterns of LIAIG synthesized at different temperatures. served even when the dwelling above 78for a short

A_J\JLJA,M

Figure 4 SEM micrographs of LIAIQ synthesized at different temperatures: (a) 200 (b) 300°C, (c) 400°C, (d) 500°C, (e) 600°C, and
(f) 700°C.
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Figure 5 SEM micrographs of LiAIQ synthesized from reaction mixtures (LiGHpO/y -Al,03 mole ratio 7.0) with different mole % of NaOH: (a)
30, (b) 40, (c) 50, and (d) 60.
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Figure 6 Variation of the aspect ratio g-LiAIO » with the content of
NaOH (LiOH-H,O/y-Al,03 mole ratio 7.0). Figure 7 Variation of the aspect ratio ¢8-LiAIO » with the dwelling
time at 600°C.

period of 0.3-5 h in an open atmosphere, while the .

rod-shape morphology changed into the granular typé\lo- 15 and 16). The latter case, p_artlcularly the Spec-
unsuitable for the reinforcing process of the matrix. It'Men No. 15 case is the most desirable because of the
was found that the crucible atmosphere was an imporShOrt processing time.

tant factor influencing the shape of particles as seen

in Specimens No. 12 and 15 of Table IIl. Eventually,

perfect rod-shapegd-LiAlO ; particles could be synthe- 3.2. Stability of rod-shaped LiAIO; in

sized by heat-treating rod-shapgd.iAlO , particles at molten carbonates

750°C for more than 10 h in an open atmosphere (SpecThe stability test was performed to verify whether the
imen No. 7 in Table Ill) or by heat-treating at 800  rod-shapeds- or y-LIAIO , particles could be used
for more tha 3 h in aclosed atmosphere (Specimensas a reinforcing material in the MCFC atmosphere.
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TABLE 11l Transformation of rod-shapeg@-LIAIO> by heat-  rial in the MCFC operation atmosphere. As seen from

treatment Figs 8b and 9b, however, the rod-shapediAlO , par-

_ Heat-treatment condition Product ticles did not show any phase and morphology changes
Specimen : although treated for 700 h. It is concluded that the
No. Temp.(C) Time(h) Atmosphere Phase shapé

rod-shaped -LiAlO ; particle is very stable with alkali

1 700 3 Open B R molten carbonates unlike thgeform.

2 700 5 Open B R

3 700 10 Open B R

4 750 1 Open y+8 R 3.3. Rod-shaped particle reinforced

6 750 5 Open v+ R 3.3.1. Microstructures

7 750 10 Open y R . . .

8 780 05 Open v R4G The morphology change of the final matrix fabricated

9 780 1 Open v G from the slurry containing 100% rod-shape€.iAlO »
10 780 3 Open Y G particles with the slurry milling time was observed for
1 800 0.5 Open 1 G optimizing the milling time. As seen in Fig. 10, milling
ig 288 g.s 2{2952 § Z+ 5 g‘ for more tha 3 d causes rod-shape particles to break-
14 800 1 Closed y+B R down and their aspect ratio to decrease. This results in
15 800 3 Closed v R the reduction of the reinforcing efficiency: therefore,
16 800 10 Closed ¥ R milling was conducted 03 d in this work.

Fig. 11 shows the microstructures of the matrixes
and the distribution of rod-shaped patrticles in the ma-
trix depending on its content. It is observed that the
matrix containing a small amount of the 10-30 wt %
Figs 8 and 9 show changes of the crystalline phaseod-shape particles has a non-oriented distribution like
and morphology, respectively, with the corrosion test-the 3-dimensional distribution. On the other hand, the
ing time in molten carbonates at 650 for rod-shaped 2-dimensional distribution in the-y direction as seen
particles. A considerable portion @f-LIAIO, parti- in Fig. 11c—e occurs in matrixes containing more than
cles transformed into the-phase even when treated 50% rod-shape particles. In general, in order toimprove
for 24 h, and it was found that only-LIAIO, par- the flexural strength of tape-casted thin matrixes, the
ticles existed after 240 h. At the same time, as see@-d distribution of fibrous materials is much preferred,
in Fig. 9a, it should be noted that the rod-shape ofand consequently the suitable content of the rod-shaped
the B-phase changed into the bipyramid shape of theparticle was found to be more than 50 wt%.
typical y-phase. This result indicates clearly that rod- In principle, the electrolyte content of molten carbon-
shape@-particles are not stable as a reinforcing mate-ates in the MCFC matrix should be more than 50 vol%

*Open: crucible cover open, Closed: Crucible cover closed.
**R: Rod type, G: Granule type.

@ . 700 h (b) » . 700 h
bt et anl I | By B Y
500 h 500 h
__,.—JU._L__J. 1 lll ULJ\ L N .V__JU\__(_J‘I { h\_,.)«_tL}l A
240 h 240h
___)J___J;.J U S TR © I _ __,JU__L_Ju_A_J__ | PR ALJL._A_.A._M,_%V
24 h 24h
_...A_.J h“‘\_“(‘l_kh;‘w__;mmkw_h ._..»/JL\««L,JJL.\_ A .___M_M\LAW\._.._.._
0. i Before Test Before Test
A L l»: \ ul}t I

10 20 30 40 S50 60 70 80 10 20 30 40 50 60 70 80
20 (degree) 20 (degree)

Figure 8 XRD patterns of LIAIGQ particles treated with molten carbonates at 85@or 24—700 h: (ap-LiAIO ; particles and (by -LiAIO ; particles
(#: B-LIAIO 2, A: y-LIAIO ; phase).
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Figure 9 Morphology changes of LiAl@particles treated with molten carbonates at 86@or 700 h: (a) untreatefl-LiAlO 5, (b) treated3-LIiAIO ,,

(c) untreated/-LiAIO 7, and (d) treategr-LiAIO ;.

Figure 10 Morphology (fracture surface) changes of finalLiAlO »
matrixes prepared from the slurry containing 100% rod-shaped
LiAIO » particles with ball milling time: (a) 3d, (b) 4d, and (c) 5d.
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and be very well retained in the matrix. The most im-
portant characteristics required in the matrix are there-
fore a porosity of 50-60% and a pore size of 0.1—
0.3um[4,13]. Fig. 12 shows that the pore volume does
not much depend on the content of the rod-shaped par-
ticles and the approximate value is about 55%, slightly
less than 60% of the matrix without the rod-shaped
particles. It is also observed in Fig. 13 that the average
pore size increased from 0.1 to Qu#h as the content of
the rod-shaped particles increased from 10 to 100 wt%.
The weighted pore size range in the matrix contain-
ing 50-70 wt% rod-shaped particles is 0.05—-Q13

and is evaluated as a proper size range for the MCFC
applications.

3.3.2. Mechanical strength of

reinforced matrixes
For improving the mechanical strength of the matrix,
the reinforcement by adding rod-shaped particles was
carried out and the flexural strength of the reinforced
matrixes were measured as given in Fig. 14. The max-
imum strength was obtained when adding 50 wt% rod-
shaped particles, and its strength (197:6ng?) was
increased more than twice as high as that of the non-
reinforced matrix (91 gmn?). An increase in the ma-
trix strength with the content of the rod-shaped parti-
cles was observed until 50 wt%, but over 50 wt% the
strength was seen to decrease. This effect can be ratio-
nalized by the fact that the 2-d distribution due to the
addition of a lot of rod-shaped particles as described
in Fig. 11 might prevent cracks from propagating. In
point of microstructures and the mechanical strength,
the rod-shaped-LiAlO ; particle is expected to be used
as a useful reinforcing material in the MCFC matrix and
its amount added for reinforcing was optimized to be
50 wt %.



Figure 11 Morphology changes of (a)—(d) fracture surfaces and (e) top surface of reinforced matrixes with the content of rod-shaped particles:
(a) 10 wt %, (b) 30 wt %, (c) 50 wt %, (d) 70 wt %, and (e) 50 wt %.
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Figure 12 Porosity variation with the rod-shaped particle content. Figure 13 Pore size distribution vs rod-shaped particle content.
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Figure 14 Flexural strength vs rod-shaped particle content.

4. Conclusions
They-LIAIO » matrix for MCFC could be greatly rein-
forced by adding rod-shaped-LiAlO , particles pro-

duced in this work. The main findings of this research 5. L. M.

are as follows:
1. Rod-shape@-LiAIO , particles with the aspect

ratio of 9-15 could be prepared by heat-treating 6.
the reaction mixture containing 50 mole % NaOH

(LiOH-H,0O/y-Al,03 mole ratio 7.0) at 600C for 10 h.
2. When rod-shapef-LiAlO , particles were heat-
treated at 750C for 10 h in open crucible or at 80C

for 3 h in top-closed crucible, they completely trans-
formed intoy -particles which maintained the same rod- 1%

shape morphology as thizphase.
3. Rod-shaped/-LIiAIO ; particles were found to

be very stable in both the crystalline phase and the2. c.

morphology with alkali molten carbonates at 6%D
for more than 700 h, while rod-shapgdLiAlO , par-

ticles rapidly transformed into the bypiramid-shaped, ,

y-particles.

y-LIAIO , particles (2.0um dia.) showed the average
pore size of 0.12¢m and the porosity of 54% after be-
ing heat-treated at 65 for 2 h. It was found that the
flexural strength (197:gmn¥) of the reinforced matrix
could be enhanced more than twice as much as that of
the non-reinforceg-LiAIO , matrix (91 g/mn?).
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