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Abstract: Soda lime glass beacls were  chemically  treated by either  an  aqueous  solution of NaOH  (3 molfl) or a

hydrogen peroxide solution  (30 vol%)  containing  ThCls in 5×1O'3 moltl  or  by both of  them.  The treated sarnples  were

soaked  up  te 14 days in a  simulated  body fluid (SBF): Nat 142.0, K'  5 O, Cal' 2,5, Mg2'  1.5, Cl- 14r7.8. HC03'  4.2,

HP042- 1,O, SQ42-O 5 (in 1O-3 mol/1),  or  in another  solution  1,S times as  concentrated  as  SBF  (1.5SBF). The  SBFs  were

kept at  36.5"C  and  at 7.25 in pH. Apatite was  clepositecl on  the samptes  treated with  the NaOH  solution,  the H2021Ta
solution,  ancl  both of  them betfbre seaking  in 1.5SBE  Ri(V) ions were  present on  not  only  the samples  treated with the
H202/Ta solution  but those treated with  both NaOH  and  the H502/th solutions,  It was  concluded  that fa(V) ions on  the
surface  layer hacl ability  of  inclucing apatite  deposition, and  the ability  was  enhanced  by the coexistence  with silanol

groups,Key

 words:  apatite, Coating, Gltzss, Bioinimeticprocescy,
XLrayphotoerectron spectroscqloJ, Sui:ltice microstructureCimical

 treatMenL Ilydn)genperoxi'de, 7imtalum chlon'de,

1. IIYTRODUCTION

  Among  ceramic  materials  apatite  is applical)le  as

abserberrts  fer biood purification' cr  ptotein sgparation  since

not  only  it is highly biocompatible with  tfssues and  blood
but it shows  specific  aff/mity  ficxr some  proteins or  causes  of

diseases. Currerit synthctic  methods  using  solid-solid  re-

action, wet  chemical  reaction,  hydrothermal reaction,  or

fh]xes may  give apatite different ffom bone-apatite in stmc-
ture and  composition  becarLse the synthetic  reactions  pto-
ceed  under  cQnditiQns  by far different from  those in body

enyirormertt.  Biomimetically synthesized  apatite, on  the
other  hand. is e)gpected  to sbow  better bioccmipatibility since

it is derived under  rnild  conditians  simulating  body envi-
ronment.  Seyeral ceramics  in caleium  smacate  systerns such

as  Bioglasse [1], Ceravital@ [2], or  Glass-ceramic A-W  [3].
to llame  afew.  spontaneously  dqposit apatite when  embed-

ded in the body. Moreover, such  materials  can  dgposit bone-
like qpatite thr(nigh a  series  of chemical reactions  in a simu-

lated body fluid pa]. known  as Kokubo  solution,  that has
an  inorganic c(miposition  similar  to hi]man blood plasma.
Ohtsuki et  al. demonstrated [5] that the calcium  ions dis-
solved  from the ceramics  erilianced  the degree of  super-

saturation for apatite and  thus derived a  smaoa  gel 1ayer rich
in silanol  groups providing nucleating  sites of apatite. 1[1ius
one  may  expect  deposition of  biomimetic apatite  layer as
in the body wheri  the materials  without  ability  of  spontane-

ous  deposition of  apatite  are  ¢ overed  with  sudh  alayer  ca-

pable of  apatite nucleation.  Moreover. the compositions
and  structure  of  the apatite  may  depend  on  the  materials,

hence one  can  obtain  qpatite of  wider  range  of  properties,

  Osaka and  his cowarlcers  fountl recenily  [6] that the im-
1ike qpatite was  deposited an  sdic(me  er  titanium metal  when

treated with  [[hCls-containing hydrogen peroxide solutions

priar to soalcing  in Kokcibo salution. We  thus treated com-

mereially  ayailahle  soda-lime  .glass beads with  a  sodium

hydroxide solution  to provide the silanol  groups  and  the
hydrogen peroxide soluticms  bofore soaking  thern in regu-
lar or concentrated  Kokabo salutions.  Then  we  examined

conditions  appropriate  for the apatite  deposition on  the.
beads.

2. EXPERIMEN'I]AL  PROCEDURE

  Ait a[lueous  sotutfon  of sodium  hydroxide e mcltl  (=M))
and  a  hydrogen peroxide  solution  (30 vol%)  containing

TaCls in 5× 1O"3 M  were  prepared: They are  denoted as 3M
NaOH  and  H2021[fa later in this report, Soda-lime glass
beads (O.l g), supplied  and  codedUB-1921L  by Union Co.,
Osaka, with al)out 1.0 mm  in diameter were  soakedin  the
selutions  (30 ml) as shown  in [[tible 1. The sainllles  were

kept at ooeC for imee days in each  salutien. Mter  rinsed

with  distilled water  and  dried in a  40"C oven,  the samples
were  soaked  in regular  Kokul}o solution,  denoted as  SBF,

with  compesition  pt]: Na' 142.0. K+  5.0. Cdi' 2,5, Mg2'
1,5, Cl- 147,8, Hco3-  4.2, Hp04'  1.o, so,2- o,5 (in lo'3
M), Another solution  1.5 times as c(mcentrated  as SBE
denoted as  1.5SBE  was  also used  for soalcing  the samples.

Ihl)le 1. Chemical  treatmerits and  selutions.

[Ihreatnients
Solutions

lst 2nd

No  treatnierit

   NA

   M

  NA[[A

3M  NaOH

H,O,tfa

3MNaOH  HiO,ITa
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Fig. I. X-ray phgtoelectren spectra  of  the Ols  and  Th  4f levels for the glasses after various  chemical

treatments.

o

Both solutions  were  kept at 36,50C and  at 7.2S in pH  with

Tris bnffer. After the sQaking  up  to 14 days, the samples
were  rinsed  and  dried.
  The surface  microstructure  of  the samples  treated above

were  examined  with  a  scanning  electron  microscope  (SEM)
equipped  with  an  energy  dispersion X-ray analyser  (EDX)
and  thin-fiim X-ray diimction (Cu Kct), X-ray photoelec-
tron  spectra  (XPS) of O 1s and  [la as levels were  also  taken

with  Fisons Instruments S-Probe ESCA  SSX1ooS  for those
before soaking  in the SBFs: monochromatic  Al Ka  X-ray
was  used  and  the drift of  the peak position due to the sur-
face charge  up  and  chemical  shift was  controlled  as de-
scribed  previously [7]. Inorganic ion concentrations  of the
SBFs were  analyzed  with  an  inductively coupled  plasma
emission  spectrometer  (ICP).

3. RESUI;TS

  After SEM  observation  the NaOH-treated samples
(samples NA)  had rough  surfaces  and  even  pits due to cor-

rosion, while  the  samples  treated with  H202ha  (samples
IA) was  similar  in surface  structure  to no-treatment  (NT)
beads. Figure 1 indicates XPS, of  O1s  and  [[la 4f levels for

the chemically  treated samples,  The O  1s peak for sample
NT  was  at about  532 elV corresponding  to the bridging (Si-
O-Si) oxygen  atoms,  and  the presence of  non-bridging  (Si-
O-  Na'  or Ca7') oxygen  atoms  was  indicated by a tailing
near  530 eV  that added  seewness  to the profile. The peak
for sample  NA  shifted toward  lower binding energy  (about
531 eV),  whereas  the peak  fOr sample  [[:A shifted  toward

higher binding energy  (about 533 eV).  A  similar  shift was

also found for the samples  treated with  NaOH  and  H202/
[fa (sample NAIIA), A slight hurnp near  530 eV  in the pro-
file for sample  NM7A  suggests  the presence of  oxygen  at-

oms  similar in chemical  state to those in sample  NA. Fig-

ure  1 indicates the presence of  la on  samples  [[A and  NA[[A
that exhibited.'smooth  surfaces  irrespective of  prior chemi-
cal treatment, After soaked  in 1,5SBE samples  NT  and

Fig, 2. SEM  photographs  of  samples  
'IA

 and  NAIJA after
soaking  on  1.5SBF  up  to 14 days.

61



The Society of Materials Science, Japan

NII-Electronic Library Service

The  Society  ofMaterials  Science,  Japan

Akiyoshi OsAKA, Shiaji TAKEMoTo, Satoshi HiyyAKAwA  and  Chikara OHTsuKI

NA  had smooth  surfaces,  whereas  samples  TA  and  NI\TA
deposited in a  day flaky 1umps where  EDX  analysis  de-
tected  Ca andR  The 1umps covered  the whtile  surface  of

samples  [l:A and  N?YIrA after soaking  fbr 7 days in 1,5SBE
However, larger rate  of  growth of  the 1ump was  noted  for
sample  NMA  thaii fhr TIA since  the sutface  of the former
beads was  fully covered  with  the 1ump within  a  shorter soak-

ing period (5 days). When  soaked  in the regular  SBE  apa-
tite was  never  deposited on  any  samples.

4. DISCUSSION

  Hgure  3 illustrates thin film X-ray difflr:action patterns
for the NiffA glass beads surface,  indicating a  peak near
32e in 2e that corresp(mds  to (211) diffiracti(m of  apatite

[8], Ms  strongly  suggests  imt the 1umps deposini on  the
surface  of  the glass beads was  apatite. Hgure 4  indicates
concentratians  of  the inorganic ions in the 1,5SBF duing
the soalcing period. Almostno  Si was  detected in the solu-
tion. Tlie decTease in Ca and  P for samples  TA  and  Nan]A
ccm:esponds  to the deposition of  the lump ori  their surface,
Similar decrease is also detected for sample  NA.  suggest-

ing that similar  1umps are  deposited. It was  noticed  that
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Hg. 4. Ion conumtrations  of the 1,5SBF for soaking
each  sample.
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Hg, 3, Thin film X-ray difllraction (Cu Kct) patterns fbr
sample  NMA  after soalring  up  to 14  days in 1,5SBE
O: (221) ofapatite
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Rg. 5, Infrared spectra  of  the flakes taken frQm
each  sarnPle  after  soaking  in 1.5SBF for 14 days,
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rnany  fiakes were  scattere(l an  the tray on  which  the beads
of sample  NA  were  placed and  dried after the 1 .5SBF treat-
ment,  Thus the surface  layers of  al1 the samples  were

seraped  crff with  a  knife. [[1ie infrared spectra  of  the fiakes
were  then taken by the KBr  method  and  were  shown  in Hg.
S. The spectrum  profile for sample  NA  as  wel1  as  samples

[[:A and  NAIrA is very  simi1ar  to that of  reagent  grade apa-
tite. 1[1ierefore, we  have concluded  that qpatfte is deposited
not  anly  on  samples  TA  and  NArA  when  soaked  in 1.5SBF
within 1 day but also on  sample  NA. The  apatite  layer an
sample  NA,  however, was  peeled off due to mechanical
shock,  suggesting  that the adhesion  of  the apatite layer to
the surface  was  very  weak,

  When  soda-lime  glass is in contact  with  a  sodium  hy-
droxide solution,  the surface  is corroded  and  a  portion of
Si-O-Si bridging bonds are  dissoeiated to yieid silanol

groirps. some  of  which  are hydrolyzed into the form of  Si-
O- .  NEt' under  the highly alkaline condition.  With incom-
plete rinsing the sodium  ions rcmiain  in the surface  layer
fcmning Si-O' . Nal bonds. [Ihe oxygen  atms  in the bonds
give the O  1s peak smaller  in binding energy  [7], as  indi-
cated  in Rg. 1. [[1iereiicre, a IQnger inductiQn ime  fhr sample
NA  shown  in Fig. 4 is acounted  for by the lesser apatite
inducing ability of  the corroded  surface  layer rich in Si-
O.Nab(mds. If arpatite is deposited on  the layer, the apatite
crystallites are  likeiy to be peeled off  the glass probably
because of  insufliicierkt mechanical  strength  of  the surface
layer. The [EA treatmerit substftutes  protons for the sodium
ions on  the surface  layer of  sample  NA  er  on  the glass sur-
face of  sampte  NT  to yield Si-OH bonds that gives the 533
eV  O  1s pealc fbr both samples  in Rg. 1. Thns, although
sample  NA  shows  smal1err  ability to deposit apatite. excel-

1erit apatite  deposition is confirmed  for samples  TA  and

NAIrA  in Eg. 2. It is therefhre concluded  that [[let (V) ions
remaining  (m  the surface  layer are  favorable for inducing
the apatite deposition. Morcover, the irnpsoved growth  of

apatite due to the H2021[la treatment  before soaking  the
NaOH  treated sampie  in 1.5SBF  indicates that the ability
of the [[h(V) ions is enhanced  by the coexistence  with  the
silanol groirps.

5. SwmARY

  Soda  lime glass beads were  chemically treated by either
an  aqueous  solution  of  NaOH  (3 M) or  ahydrogen  perox-

ide solution  (3O vof%)  conuining  [faCls in 5×104  M  cr  by
both of  thern. The treated samples  were  soaked  up  to 14
days in a simulated  body fluid (SBF), known  as  Kokiibo
salution  (Nal 142.0, K' 5,O, Ca2" 2,5, MgZt  1.5, Cl' 147.8,
HC03-  4.2, HP042'  1.0, S042'O,5  (in 1ovM)), (nr in an-
other  soiuti(m  1.S times as concentrated  as SBF  (1,5SBF).
[Ilie SBFs were  kept at 36.5eC and  at 7.25 in pH, Surface
microstructure was  exarnined  by SEM-EDX,  XPS, FILIR,
and  thin film X-ray diffractian, and  the inQrganic ion ccm-
centrations  of  the SBFs were  analyzed  by ICP Irrespective
of  chemical  treatment, apatite  was  not  deposited on  any

samples  when  soakedin  SBE  Apatite was  deposited on
the samples  treated with  the NaOH  soluti{m.  the H2021[fa
sclution,  andboth  of  thcrm bofore soaking  in 1.5SBF. How-
ever,  adhesion  of  the apatite layer to the NaOH-treated
samples  was  so  weak  that it was  peeied off the bead sur-
face. TleL(V) ions were  detected with  XPS  on  not  only  the
samples  treated with  the H2021[[h scirution but tkose treated
with  both NaOH  and  the H2021[Ili solutions,  Moreover,
apatite covered  wbole  surface  of the latter samples  in shorter
period of  soaking  in 1.5SBF.
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