
23

ǉ466㏏8555 ཀᨊࠔలᆒ݅ٚ൧ୖے۵

కᏡগકୖے۵ ቦᄦకકᲇ

TEL 052㏏735㏏5288
FAX 052㏏735㏏5288
E-mail: kasugato⿏mse.nitech.ac.jp

23

ᣀ ⮥ 㑊 ɘȬȲâ᧯ΧɃɱɧɋȷɁâ

కᏡগકୖے۵ ቦᄦకકᲇ

New Machinable Calcium Phosphate Glass Ceramics
for Biomedical Use

Toshihiro Kasuga
Department of Materials Science and Engineering Nagoya Institute of Technology

㑭. Ǿ ǧ Ȑ Ǻ

ɲɻ⥫ȳɳȿȮɨɃɱɧɋȷɁǾ᧯Χ╕݅

මɿ᧯Χᘍමɿ᧯ᥴ᫢યӴමǽ᠊Ƕሱ᧸ǹቦᄦ

ǶǑȚǛ⾻ᑿ፦᫢♁ම✤ǽ᠊Ƕǚǹș˃֐ǹ᠊

Ǜ࿀ၳǤțǵǜǮƹǷǞǺ⾻ഁಏȓⰱමǽ΢Ǥ

ȡტ޿ǨȚǮȐǺএǞǽᮾ᳣ǛǹǤțǮƹǦǚ

ǦǹǛȘ⾻ቈǯǺⅉಁඅ᧸ȡᛙ❣ǨȚഁಏȓⰱ

මȡȑǳɲɻ⥫ȳɳȿȮɨɃɱɧɋȷɁǾൡȘ

țǵǓǹǓǽǛᥰᣞǶǑȚƹ

ȑǕȁǷǳǽ⦔┶ǹᑿ፦᫢ම✤ǾףకමǶǑ

ȚƹɃɱɧɋȷɁǾ⢡౐ɈȬɬɪɻɑకԃȡ᧸

Ǔǵຑ⦔ǺףకǦǹǠțǿǹȘǹǓǛ⾻ǮǷǗ

ǿ❞ᯒకԃᵱǶᕉ⟿᫢ᷮٸǺףకǶǜȚ⾷ͨ

ˁ⾻ɦȿɒɞɳමǷܵȅ⾸ȊǸǶǑțǿ⾻⣪᧸

⤴ΡǺ۰ȞǪǵયൺǦǵǬǽईףకǶǜȚǹ

Ǹ⾻ᄽǦǓ᧯Χ᧸ɃɱɧɋȷɁǷǦǵǽ᧸⢛Ǜ

ቃ൏ǤțȚƹȍǮ⾻ᔂԬȓȬɻɴʀǹǸ⾻ᔂᲇ

ⲏࣕǹǸǶǽ᧸⢛ȑሱሿǶǑȚƹ

ȴɱɁǾർ┶Ǻඅǧǵẻ༔ȡṾỚ᫢ǺংكǤ

ǪȚǢǷǛǶǜȚǽǶ⾻ệᇋكǹǸǽཆᗕȡ᧸

ǓǮ൮ẫẻόǽᐦ᷂ǺȗȚᑿ⃆ǽ۹ˀȓᑿ፦᫢

ම✤ǽტ޿Ǜ۝⃆ǶǑȚƹǢțȍǶ⾻ȊǷȢǸ

ǽ᧯ΧᘍමȴɱɁȓệᇋكȴɱɁǾȹȬ⥫दȡ

ɡʀɁǷǦǵ▚╹ǤțǵǜǮǛ⾻ᵮሬ⾻ǾȘ‮

⡨⾻SiO2 ȡ܅ȍǹǓɲɻ⥫ȳɳȿȮɨṾ᧯Χ

ᘍමȴɱɁ1)ɿệᇋكȴɱɁ2,3)ȡ⫳᫘ǦǮƹǤ

ȘǺ⾻ኝլᭀ֝൧Ǻȗșɦȿɒɞɳමȡȑ͛ף

ǶǜȚǢǷǛ╀ǓǯǤțǮ4)ƹቊ᳄ǶǾ⾻ᄽǦ

Ǔᑿ፦ףక۝⃆ǹɲɻ⥫ȳɳȿȮɨṾệᇋكȴ

ɱɁȡǺǳǓǵᷮٸǺẴ͒ǨȚƹ

㑮. ɲɻ⥫ȳɳȿȮɨṾɦȿɒɞɳ᧯Χ

ᘍමệᇋكȴɱɁ

⦘⯄ᕂǷȪəɇȬɐȡ܅ሱǨȚ᧯Χ᧸ɦȿɒ

ɞɳɃɱɧɋȷɁ5)ǛअܝǤțǵǓȚƹǢț

Ǿ⾻⯄ᕂệᇋǽב⫳මȡ֐᧸ǨȚȑǽǶǑȚƹ

ʶᅀ⾻ᵮɻɲɵɜǓǨȓǦ⫧༔Ǻᣞኑ⾻ǾȘ‮

⥫ȳɳȿȮɨệᇋ⾷ b-Ca2P2O7⾸ǺᗨᬶǦǮƹ

b-Ca2P2O7 Ǿ a ⟸ᅀ۹ǺΖȂǮ P2O7㏏Ca ⪅Ǜ⾻

ab ⰢǺᄒǜǳȐȘț⾻ǢțǛ c ⟸ᅀ۹Ǻ᳒Ȏ
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㑭ࡖ 60CaO-30P2O5-7Na2O-3TiO2 ệᇋكȴɱɁǽ

ᯊᄺⰢƹɁȹʀɳɘʀǾ 2mmƹ

㑮ࡖ 60CaO-30P2O5-7Na2O-3TiO2 ệᇋكȴɱɁǽ

᳡ǑǠ▿⵮ƹ15j13j3 mm ǽệᇋكȴɱɁ

ȡቆᢨǺ⛼ș͛Ǡ⾻ᬼൎ 1.5 mm ǽ❞ᯒɑɲ

ɳǶףక(∜⦔ 19.6 N⾻ࡋ⟵ᄋ 1800 rpm)Ǧ

Ǯƹ
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⦔ǹǲǵǓȚ6)ƹǢǽɦɋɐ⫻ǺǾ❹⮼Ǜȓȓ

⫧ǞǹǲǵǓȚ⤴ոǛǑȚƹǢǽ⤴ոǶ⣹ཾ᫢

Ǻᯊफ़ǦȓǨǞ⾻ב⫳මȡᰳǨǢǷǛံጣǤț

Ț4)ƹǢǽệᇋȡএ⦖Ǻ܅ሱǦ⾻ệᇋ۴ॲǛ̞

ǓǺ⢪ệǦǮẻόȡᐦ᷂ǨȚǢǷǶɦȿɒɞɳ

ɃɱɧɋȷɁǛൡȘțȚȑǽǷ‬ǗȘțȚƹb-

Ca2P2O7 ǾἻ૛ǺᠭệǤǪȚǢǷǛ૓ᆂǶǹǓ

ǽǶệᇋكȴɱɁᗕǛሱሿǶǑȚƹ

60CaO-30P2O5-xTiO2-(10⾼x)Na2O Ȭɻɘʀ

ɐȴɱɁǾɜɵɲɻ⥫दȸɳʀɟȡএ⦖Ǻ܅ሱ

ǨȚ᧯ΧᘍමȴɱɁǶǑȚǢǷǛᰳǤțǵǓ

Ț1)ƹǢǽȴɱɁǾΧ᳒ệᇋكǦǺǞǓǛ⾻ȴ

ɱɁḠ቉ǽᠭệɿệᇋكᗕǺȗșệᇋكȴɱɁ

ȡΰ⓯ǶǜȚƹǮǷǗǿ⾻60CaO-30P2O5-7Na2O-

3TiO2 ȴɱɁḠ቉༔ബΧȡ 850cC, 3 h ᡡ՘ᥴǨ

ȚǷ b-Ca2P2O7 Ƿ b-Ca3(PO4)2ȡ܅ȏệᇋكȴ

ɱɁǛൡȘțȚ3)ƹɦɐɲɋȷɁᭀǷǦǵ⾻P,

Ca ǽ͙⾻Na, Ti ȡএǞ܅ȏȴɱɁᭀǛઇࢀǨ

ȚƹɣɋɐɟɴɁᗕȡ᧸Ǔțǿ⾻ሞǡഁಏ 160

MPa ǽⶲ૛ಏǹệᇋكȴɱɁ⾷ᭀଓ૛ಏ」99

㎪⾸ǛൡȘțȚ7)ƹǢțǾ⾻Ἳ૛⶗ǽሞǡഁಏ

ǷȊȋ۴ᵱǶǑȚƹ⢡౐ǽ b-Ca3(PO4)2ǑȚǓ

Ǿᕮ⥫ȪəɇȬɐȡᠭệǤǪȚǮȐǺǾ⾻

1000cC ͨˀǽⶲᚩǶᠭ༔ǨȚർ┶ǛǑȚƹȴ

ɱɁệᇋكᗕǶǾ⾻ǚǹș΢ǓᚩಏǶɲɻ⥫ȳ

ɳȿȮɨɃɱɧɋȷɁȡൡȚǢǷǛǶǜȚƹ

᧯ΧᘍමቦᄦǾ⾻᧯ΧԑȍǮǾႹΚΧᙉ˛Ƕ

⅋ሱᕮ⥫ȪəɇȬɐệᇋ⾷HCA⾸୧ȡ܅⥫᠂

Șǽ⒙ⰢǺ᧯༔ǨȚ⃆מǛǑș⾻Ǣǽ୧ˀǶ⶗

ബ༔Ǜ❙ǢȚ8)ƹˀ▉ǽệᇋكȴɱɁȡႹΚΧ

ᙉǺᘭ᜼ǨȚǷ HCA ệᇋǛʶⰢǺ᧯༔Ǩ

Ț2)ƹȴɱɁᭀǺ܅ȍțȚ TiO2 ༔ոǾɲɻ⥫

दȴɱɁᭀǽكક᫢‵˳මȡ۹ˀǤǪ⾻⣏׀ǹ

ɲɻ⥫༔ոǽ᛹լȡཱǗȚǽǶ⾻HCA ᭀ᧯༔

ȡ৯ǡǹǓƹȴɱɁᭀǽ֝൧Ǜ᧯Χᘍමȡগǜ

ǞఖۡǨȚƹ

ࡖ 1 Ǿ⾻ǢǽệᇋكȴɱɁǽᯊᄺⰢǶǑ

Țƹ౵୧Ǻȑ⦔ǹǲǮ⌻ǓኑᣞǽệᇋǛ╀Ǘ⾻

ǢțȘǾ̞ǓǺ̰⩙ǦǵǓȚƹǢǽệᇋǾ⾻ኑ

ᣞǺ༔⫧ǦȓǨǓ b-Ca2P2O7 ǶǑș⾻ǢǽȗǕ

ǹബຎǾ⯄ᕂṾǽɦȿɒɞɳɃɱɧɋȷɁǽᯊ

ᄺⰢǺȗǞΚǵǓȚƹࡖ 2 Ǿ⾻ệᇋكȴɱɁ

ȡ᳡ǑǠǦǵǓȚᐯ੿ǶǑȚƹչșଡ଼Ǜ᫘᧯Ǧ

ǵǓȚᐯ੿ǛȞǚȚƹ⯄ᕂṾǽɦȿɒɞɳɃɱ

ɧɋȷɁǺᕉȈȚǷףక⢦ಏǾⶲǞǹǓǛ⾻Ǣ

ǽȗǕǹɦȿɒɞɳමǽ᫘ᥰǾ⾻ɲɻ⥫ȳɳȿ

Ȯɨệᇋȡ˩ᭀǷǨȚɃɱɧɋȷɁǶǾ֊Ȑǵ

ǽόǷථȞțȚƹ

ǢǽệᇋكȴɱɁǾ⾻ɉɇɻ۰⦘ˀǺᷮٸǺ

ȻʀɎȫɻȸǨȚǢǷȑǶǜȚƹ᧯Χ᧸ b ࢪ
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㑯ࡖ ⧼ȬȲɻ̰၁ൖ 960cC Ƕԙᡡ՘ᥴǦǮệᇋك

ȴɱɁȡ 1 N द⥫ǶȰɋɉɻȸǦǮ▿ᄦǽ

SEM ԥ᭙ƹɁȹʀɳɘʀǾ 1 mmƹ

㑰ࡖ ⧼ȬȲɻ̰၁ൖ 960cC Ƕԙᡡ՘ᥴǦǮệᇋك

ȴɱɁǺǑǠǮ᳡ǽܦ⡙ƹᬼൎ 1.5 mm ǽ❞

ᯒɑɲɳȡπ᧸Ǧ⾻1800 rpm Ƕ 19.6 N ǽ∜

⦔ȡ⛤∜ǦǮƹẇ 3 mm/min Ƕ᳡ǑǠ۝⃆ƹ

ɁȹʀɳɘʀǾ 1 mmƹ

25
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ɉɇɻ۰⦘⾷ǮǷǗǿ Ti-29Nb-13Ta-4.6Zr⾸

ˀǺˀ▉ǽȴɱɁḠ቉ȡचళǦǵᠭ༔ǨȚǷ⾻

⦘ୡ㏏ệᇋكȴɱɁᨕⰢǺẻ༔҉ᄩ୧ȡ⅋డബ

༔Ǧ⾻ᡡȁǩȎȡ൚ƼǺἯ݅Ǧǵഁࡘǹယ۰Ǜ

ൡȘțȚ9)ƹᄋ١ mm ǽڣǤȍǶȻʀɎȫɻȸ

۝⃆ǶǑș⾻ɦȿɒɞɳමȑǑȚƹ

㑯. ཷ≗මɦȿɒɞɳệᇋكȴɱɁ

2 ǶᰳǦǮȗǕǺ⾻ኑᣞǽ b-Ca2P2O7 ệᇋȡ

এ⦖Ǻ̰⩙ǤǪǮ൮ᐦ⢧ȡᐦ᷂ǨțǿᲷƼǽɦ

ȿɒɞɳɃɱɧɋȷɁǛൡȘțȚǢǷǺǹȚƹ

ᵮᗕɁȷɋɷɐɁɵ⾻ǾǶɟʀɳȸ᳣ᮾǽȘ‮

ȡ᧸ǓǮȵɫɁɇɞɳɏɻɇɳȷɱȮɻȇǽඅ

᧸ȡᬶ᫢ǷǦǮɲɻ⥫दệᇋكȴɱɁȡံጣǦ

ǵǓȚ10)ƹǢǽệᇋكȴɱɁǾ⾻Nasicon ࢪ

RTi2(PO4)3 ệᇋǷɲɻ⥫ȳɳȿȮɨệᇋȡ܅

ሱǦ⾻⧼ȬȲɻ̰၁⃆ȡ྾ǳȑǽǶ⾻⧼ȬȲɻ

̰၁ǦǮệᇋكȴɱɁǾⶲǓཷ≗මȡᰳ

Ǩ11)ƹǢțǺɦȿɒɞɳමǛףȞțǿ⾻ệᇋ

ൖǽ⇙౩ǽബᣞЍᓺǺ૓ᆂǺଓඅǶǜȚቦᄦك

కǺଓǦǵયӴමǽⶲǓቦᄦ⾸ǷǹȚƹᔂף⾷

ԬቦᄦǷǦǵǯǠǶǾǹǞ⾻ॕɇȬɳɿࡽቦǹ

ǸǽᲷƼǽ᧸⢛ȑቃ൏ǤțȚƹ

6R2O-39CaO-24(TiO2⾺Al2O3 )-31P2O5(R⿌

Na, Li⾸ȴɱɁɞɵɋȷȡ⢡౐ǽ᛹␯බՃᗕǶ

ΰ⓯Ǧ⾻ጓബ༔ᡡ՘ᥴǺỮǓǵ 700」800cC Ƕ

ệᇋكᡡ՘ᥴǨȚǷ⾻Nasicon ࢪ RTi2(PO4)3

Ƿ b-Ca3(PO4)2ệᇋȡ܅ሱǨȚệᇋكȴɱɁǛ

ൡȘțȚƹǢțȡ⌻Ǔ AgNO3 ᕮ᛹ᙉǺᘭ᜼Ǩ

ȚǷ⾻⧼ȬȲɻǷ Nasicon ệᇋ˛ǽɪɘȬࢪ

ɳȽȬɐǺઇࢀǨȚȪɳȳɲȬȲɻǽ̰၁Ǻȗ

ș⾻ệᇋكȴɱɁǽᏩȐǵ⒙ⰢǺⶲញಏǺ⧼Ȭ

ȲɻǛଣӱǤțȚ10,11)ƹ

ᓎǺ⾻ǢǽȬȲɻ̰၁ǦǮ⧼܅ሱệᇋكȴɱ

Ɂȡԙಏ 900」960cC, 1 h ᳧ᕧ˛Ƕᡡ՘ᥴǦǨ

ȚǷ⾻Nasicon ệᇋǷࢪ b-Ca3(PO4)2ệᇋǛǬ

ǽᨕⰢ͛⡨ǶۀඅǦǵ b-Ca2P2O7 ệᇋȡ᧯༔Ǩ

Ț12)ƹࡖ 3 Ǿ⾻द⥫ǶȰɋɉɻȸǦǮệᇋك

ȴɱɁǽ SEM ԥ᭙ǶǑȚƹȰɋɉɻȸǺȗǲ

ǵ⭒ڸǤțǮᭀǾɲɻ⥫ȳɳȿȮɨǶǑș⾻ᔞ

ઇǦǵǓȚᭀǾȊȋ Nasicon ệᇋǶǑȚƹࢪ

ɲɻ⥫ȳɳȿȮɨᭀǷ Nasicon ệᇋᭀǷǾࢪ

̞ǓǺ 3 ᓎә᫢ǺỏȎ۰ǲǮẻόȡᐦ᷂Ǧǵ

ǓȚƹǢǽȗǕǹẻόǾ⾻ệᇋكǺӞᴗǲǵɁ

ɜɖʀɈɳոᭀǛ❙ǢȚǢǷȡ๟ܬǦǵǓȚƹ

ɲɻ⥫ȳɳȿȮɨᭀǽΧ᳒ո᤹Ǿẇ 50㎪ǶǑ

Țƹ

ࡖ 4 ǺᰳǨȗǕǺ⾻ǢǽệᇋكȴɱɁǾ⾻
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ɉɋɜɻȸᠪǞ૓ᆂǺ❞ᯒɑɲɳǶ᳡ᅽǠǶǜ

ȚƹǢǽɦȿɒɞɳමǾ 900cC ͨˀǶԙᡡ՘

ᥴǨȚǢǷǶǾǧȐǵ᫘ᥰǨȚƹǳȍș⾻b-

Ca2P2O7 ệᇋǽኝլǛগǜǞ⛦ᤙǦǵǓȚƹࡖ

ǽȗǕǺ⾻1 mm ͨˁǽ⫻⭷Ƕ᳡ȡǑǠǵȑȷ

ɱɋȷǾ᧯ǧǹǓƹ

ȬȲɻ̰၁ǦǵଣӱǦǮ⧼ȬȲɻǾ Nasicon

ࢪ RTi2(PO4)3ệᇋǺ܅ሱǤțǵǙș⾻ԙᡡ՘

ᥴǺȗǲǵȑཷ≗මǾডȞțǹǓ11)ƹǢǽệ

ᇋكȴɱɁǽሞǡഁಏǾ 120 MPa⾻ɛɋȳʀ

Ɂᯒಏ Hv 4.5 GPa ǶǑș⾻ঙᠬᔂǽǬțȘǺ

⡨ǓƹᔂԬቦᄦǷǦǵǽඅ᧸Ǻ۹Ǡ⾻كક᫢ම

✤ȓᑿ፦᫢ᩝ׷ǹǸǽ△Ϣȡ⢳ȐǵǓȚƹ

㑰. Ǚ Ȟ ș Ǻ

ቊ᳄ǶǾ⾻˩ǷǦǵɦȿɒɞɳමȡ͛˄ǦǮ

ᄽǦǓɲɻ⥫ȳɳȿȮɨṾệᇋكȴɱɁǺǳǓ

ǵ⡻ȈǮƹɜɵɲɻ⥫ȳɳȿȮɨệᇋȡగǞኝ

լǤǪȚǢǷǶ⾻ᑿ፦ףకමǾტ޿ǶǜȚƹǢ

țȍǶ⾻ɘȬȲɃɱɧɋȷɁǽᑿ፦᫢ම✤ǽ۹

ˀᵾǾ⾻ᑿ፦᫢ഁಏȓⰱමǽȎǺᗨמǤțǵǜ

ǮǚȑǦțǹǓƹ᧯Χ╕݅මȓ᧯ΧᘍමǺףǗ

ǵᑿ፦ףకමǛ۹ˀǨțǿ⾻᧸⢛ǛǤȘǺྮগ

ǨȚƹȍǮ⾻᧯Χ᧸ǯǠǶǹǞএᅀⰢȇǽඅ᧸

ȑቃ൏ǤțȚƹ
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