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1 INTRODUCTION

  MgA1204  spinel  is expected  Lo be a  promising  cot}

structural  material  at  high t,etnperat,ures, because of
the superior  mechanlcal,  ehemical  alld  tliermal  prop
erties.  However, few studies  on  polycr.vst.alline spinel

have been earried  out  comparecL  wlth  on  the sirig]e

cr),stal,  because it is very  diMcult to produce the  dense
polycrystalline spinel  using  powders  prepared  by con-

venLional  methods.  In order  to improve  its sinterabil-
ity, the synthesis  of  fine spiriel  powders  has been tried
by a[lvanced  techniques such  as sol-gel[1],[2], frcez"
dryingl3],l4], coprecipitat,ton[5],[6]  and  so  on.

 Authors[7] have  successful]y  synthesized  spinel  pow-
ders with  good sinterabi]ity  ft:om heterogenecms alkox-
ide solution  including very  fine MgO  powde]'s. In
the  present studM  the  formation  mechanism  of  spinel

phase from the precursors was  studied.

2 EXPERIMENTAL

2.1 Preparation  of  spinel  precursors

  Preparation of  spinel  precursors is seherriat,ically

given in Fig,1, Aluminium  isopropoxide ancl  MgO
powders  (Ube Chemica] Industries Co, Ltd.) were

used  as  starting  tnat,erials,  The  rnean  diamet,e]' of
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Fig,1, ProcedLire of preparing spinel  precursors,
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MgO  was  very  fine, 10nTn and  its purity was  99.98%.
Aluminium isopropoxide was  dissolved in isopropanol
at the molar  ratio  of  alkoxide:  alcohol  =.. 1: 20 and

refluxed  for 2h. Aftev MgO  powder was  added  to the

solution,  further refiuxing  was  carried  out  for 2h to
get the solution  well-dispersed  with  MgO,  And  H20
was  added  to the solution  to promote  gelation. The
obtained  gel was  evaporated  in vacuum  at  500C to re-

moie  extra  alcohol  and  IJ20. T'he precursor was  kept
at 800C in drying oven,

2.2 Chracterization of  spinel  precursors  and

powders
  The obtalned  spinel  precursers were  calcinecl  at

various  temperatures  from 4000C  to 12000C  for lh.
'I'he

 crystalLine  phase was  identified by X-ray dfEirac-
tion(XRD)  analysis,  using  Ni-filtereci CuKcuradiation .
The  thermal behavior of  precursors wtLs  examined  by
DTA  aJid  TGA,  The  thermal  axialysis  was  carriecl  out

at  a  heating i'ate  of 50Clmin under  flowing c{ried  air  of

100mllrnin, Morphorgy of  particle in precursors ancl
calcined  powders  was  observed  by SEM.

3 RESULTS  AND  DISCUSSION

  The  spinel  precursors wei'e  foulld to be composert
of  boemite ( AiO(OII) ) and  Mg-A] niixed-hydroxide
(Mg4A12(OH)i4･3N20) l)y XRD  analysis.  Yi,maguchi
et  al.[11  preparecl spinel  precLirsors by sol-gel  tech-
nique,  using  only  metal  alkqxides  as starti}]g materi-
als;  aluminium  isoamyloxide and  magnesium  isoamM
loxide. They  also reported  that thej]' precursors were
composed  of  boemite and  ti}e Mg-Al mixecl-hydroxide.
Even  using  MgO  pewders as a  starting  materia],  the

same  produet as  preparecl with  only  alkoxides  could

be obtained.

 Three distinct endothermic  reactions  were  observed
in D'IIA curve  of  the precursor and  they  coLild  be iden-
tified as  decomposition of  crystal  water  and  hydroxyl
groups in the rVIg-Ahiiixed-hydroxide. Howei,er', no
dist･inct change  owing  to t,he formation of  spinel  phase
could  be recognizer{,  And  the  weight  loss was  observed

accompanied  with  the endothermic  reaction.

 The precursot's were  ca]cinecl  at  Lemperatures  fi'om
4000C  to 12000C  Lo examine  the formation mechaiiism
of  spillel  phase, The  change  of phases as  a  funct,ion
of calcining  temperatui'e is shown  in Fig.2, The  calci-

riation up  to 4000C made  dtffraction peaks  of  boemite
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Fig.2. Effect of calcining  temperature  on  crystalline

phases for powders prepared with  H2O/MgO=20.

and  the MgrAl  mixed-hydrcixide  disappeared gradu-
ally.  The  original  peaks could  not  be recognizod  at

4000C and  broad peaks  were  fbund jnstead of  them
They were  identified to be dithaetions of  1'-A1203
transformed  fron'i boemite and  MgO  resulting  from
the thermal  decomposition of  the mixed-hydrc"cide.
The  reaction  is shown  as fbllows.

Mg4A12(OH)i,4･3H20 [  MgAl204  +  3MgO  +  10H20

Considering the equation,  the decomposition of  the
mixed-hydroxide  shoulcL  also  produce  spinel,  aecom-

paniecl with  the forrnation of MgO.  However, diffra£ -
tion  peaks of spinel  phase could  not  be  recognized  at

4000C, because the crystallite  size  of  spinel  wourd  be
very  smal1.  With  the increase of  calcining  tempera-
ture, the peaks of  spinel  appeared  and  becarne large
and  sharp  due to the grain growth, a-A1203  could

not  be detected up  to 12000C. Tha,t is, the formation
of  spinel  phase  woulti  be proceeded  by the reaction

between 7-A1203  frorn boemite and  MgO  from the

decomposition of  tl}e mixed-hydroxide.  However, the
monolithic  spinel  phase could  not  be obt･ained  at a
temperature lower than  l2000C, Reactivity ofprecur-
sors  is needed  to be eilhancerI  further.

  Figure 3 shows  SEM  pliotographs of  spinel  pt'ecur-
sor and  calcined  powders.  Needle-Iike crystals  were

observed  in precursors, The), wei'e  inferyed to be
beemite because of  its erystal  strucLure  n,nd  XRD
analysis  as  shown  in Fig.2. And  very  fine prtmary
particles agg]'egaLecl  each  other.  Iti the case  ofcalein-

ing at 4000C, the partieles became finer than  the pre-
cursors.  This tetnperature was  corresponding  to the
beginning of  decompo.sitioii of  the mixed-hydroxide.

And  increase of the temperatu,re made  the particle
size  larger. Fine  a,nd  uniform  particles could  be ob-

tained even  at  a  calcining  temperature  of  12000C.
Speeific surfaee  area  of Lhe spinel  powder  ca}eined

Fig.3. SEM  photographs of  spinel  precursor (A)
powders  calcined  at  4000C (B) and  12000C  (C),and

at 12000C was  approximately  38m2fg. The  calcined

powders are  considered  to be very  reactive.
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