
7

ǉ940㏏2188 ⫧లˀૡᨊ 1603㏏1
TEL 0258㏏47㏏9313
FAX 0258㏏47㏏9300
E-mail: komatsu⿏chem.nagaokaut.ac.jp

7

ᣀ ⮥ ȴɱɁǽⶲᚩᣀම

⫧ཪ⒈ᲇકগકكકṾ

Survey of Heat Capacity Measurements of Glass Melts at
High Temperature Regions

Takayuki Komatsu, Yasuhiko Benino
Nagaoka University of Technology, Department of Chemistry

㑭. Ǿ ǧ Ȑ Ǻ

ᕉᡡǷǾᢼ✤ǽᚩಏȡ 1 K ˀᅶǤǪȚǮȐ

Ǻർ┶ǹٸΡ✤⦖ഝǮșǽᡡ⦖ǶǑș⾻Ȱɻ

ɇɳɜʀ H ǽᚩಏ൮ո dH/dT ǷǦǵῲǤț

ȚƹૅᚩͨˁǽᚩಏࣕǶǾᄺᡡࢪȳɵɲɩʀ

ɇʀȡ᧸ǓǵṐಏȗǓᕉᡡɏʀɇǛൡȘțǵǓ

Țƹʶᅀ⾻ȴɱɁ⟵ᲡࣕȓȴɱɁΧǷǓǲǮ

ⶲᚩǶǽᕉᡡᚬǾ⠤ଙǽǮȐǺᄺᡡࢪȳɵɲ

ɩʀɇʀǾ˃⣪ഝǶǑș⾻ʶⅺǺǾΧȡᕮǹ

ǸǽᙉΧǺ⊝ˁǤǪǵǬǽ⭾ǺˀᅶǦǮᚩಏǚ

ȘȰɻɇɳɜʀȡᕷȐȚ⊝ˁᗕǷᕉᡡǛᅝ᮪

ǽᑙᛡᢼ✤Ƿ▿ᄦǷȡ۴ᆣǺףᡡǦ⾻˓⫻ǽ

Ǻ᧯ǧǮᚩಏఞȡ᧸Ǧǵ▿ᄦǽᕉᡡȡᕷȐȚ

ᰳఞ❒ዶᡡ⦖╹⾷DSC⾸Ǜ᧸ǓȘțȚƹǢǢ

ǶǾ⾻ӱཆǛᆂǶȴɱɁǽᕉᡡᚬȓᭀংك

࿇ؔǽ╫ኝǺሬȑ౺Ǟ᧸ǤțǵǓȚ DSC ȡ

᧸ǓǮȴɱɁǙȗȂΧǽᕉᡡᚬǺǳǓǵ⡻

ȈȚƹ

DSC ǺǾᡡ⦖⾷ӱמ⾸ⓝӈࢪǷᡡᘓ⢦ࢪǛ

ǑȚǛ⾻͑ࡋπ᧸ǨȚ DSC Ǿᡡᘓ⢦ࢪǶǑ

ș⾻ૅᚩǚȘ 1600cC ͛⡨ȍǶǽ౺Ǔᚩಏᶽࡕ

ǶǽᕉᡡᚬǛǶǑȚƹᡡᘓ⢦ࢪǶᕉᡡȡ

ᚬǨȚई۰Ǿ⾻ʶ⢦ಏǶᅶᚩǨȚ⯍ᕧ៵ԑ

Ǻᡡ⯍ଓǛⓓѿǤțǮ 2 ǳǽȽɻɟɳȳɋɟ

ɣɳɈʀǛǑș⾻ȳɋɟǽᢨᅀǺȴɱɁ▿ᄦȡ

ӱțȚƹȴɱɁΧǷȑǕʶᅀǽȽɻɟɳȳɋ

ɟǷǽᚩಏఞȡᚩಏȍǮǾᆣ⫻ǽ⬄ᄋǷǦǵᚬ

Ǧ⾻ǬǽɟɵɋɐǚȘൡȘțȚɜʀȷⰢ᳒ȡ

ȰɕɳȶʀٸΡǺং၁ǨȚƹǨǹȞǰ⾻ᚩಏఞ

ǷǬǽᚩಏఞǛɄɵǺǹȚȍǶǽᆣ⫻ǺǳǓǵ

᳒ոǨțǿǢǽᆣǽ▿ᄦǺլӱșǦǮᡡ⦖ȡ᮪

ȚǢǷǛǶǜȚƹǮǯǦ⾻▿ᄦǺ᧯ǧǮᡡংك

ǽǨȈǵǛ DSC ǽᎰլᑿᐦǺΌȞǲǵǓǞǽ

ǶǾǹǞ⾻ʶ⤴ǾᎰլᑿᐦͨঋǺȑΌȞȚƹǦ

ǮǛǲǵ⾻▿ᄦǽ᭙ǽᡡ⦖ংكȡᕷȐȚǺǾπ

᧸ǦǮⓓΈǽገᓺ⾻ǨǹȞǰⓓΈᄋȡᕷȐȚ

ǢǷǛർ┶ǺǹȚƹȍǮ⾻▿ᄦԑ⤴Ƕ᧯ǧǮᡡ

⦖ংكȡǓǚǺಏȗǞᎰլ⤴⾷ԃΧǺǾᡡ

⯍ଓ⾸ǺΌǗȚǚǛᚬǶǽ⦔┶ǹɥȬɻɐǷ

ǹȚƹ

㑮. ᕉᡡǽᶟլᅀᗕ

π᧸ǦǮⓓΈǾࡋ͑ Perkin Elmer ᰷⓯ǽⶲ

ᚩᰳఞࢪȪɒɱȬȾʀ DTA7 ǶǑȚƹǹǙ⾻

ల⛩ǽⓓΈǺǾ▿ᄦɣɳɈʀǺȵɫɋɟǾǳǓ
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㑭ࡖ ⦘ȳɋɟɣɳɈʀǽȎǽई۰ǽ⯍ᕧ៵Ȱʀ

ɀɻȸǽᡡ⦖ংكǺଓǨȚእ
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ǵǓǹǓǛ⾻⠤ଙᡡȡǶǜȚǯǠତǤǞǦ⾻ǚ

ǳǶǜȚǯǠ▿ᄦǽᡡ⦖ংكȡᡡ⯍ଓǶᎰ᮪Ǩ

ȚǮȐǺ⦘ȵɫɋɟȡቊᮾ᳣ǶǾ᧸ǓǮƹⓓ

Έᄋ k ǾȪɳɧɒȡ᧸ǓǵᖑǦ⾻ᓎǚ

ȘȴɱɁΧǽᕉᡡȡᕷȐǮƹ

| DQ3⾼DQ1 |⿌kMCp
dT
dt

ǢǢǶ| DQ3⾼DQ1 |Ǿ᳧ǽ⦘əɻǷ▿ᄦӱ

ș⦘əɻǽ DSC ఞ⾷J/s), M Ǿ▿ᄦǽ✤⦖⾻

Cp Ǿᑙᛡ▿ᄦǽᕉᡡǶǑȚƹ

ǹǙ⾻ȴɱɁ▿ᄦǾ⦘əɻˀǶԙǦ⾻

ཀǽՃڋ⢦ಏǶᡡᥴǦǮȑǽȡ᧸Ǔ⾻⦘

əɻǽΈǜᅀ⾷ΈǞईཀǷᅀ۹⾸ȑǺʶǺ

ǹȚȗǕǺǦǮƹ

㑯. ᅶᚩɟɵȸɱɨǽᎰ╿Ƿᖑ

1600cC ǺȞǮȚ౺ǓᚩಏᶽࡕǶǽᕉᡡȡ 1

ɁɎɋɟǶᚬǶǜțǿʶᨯሿȍǦǓǛ⾻ᚩಏ

ոళȓᅶᚩ⢦ಏǽࢍʶමǹǸ⯍ᕧ៵ǽමǾർ

ǩǦȑᛙ❣ǤțǹǓƹǬǢǶ⾻ી⭾ǽȴɱɁ▿

ᄦȡᚬǨȚ֭Ǻ⾻ᚩಏ⫻⭷⾻ᅶᚩ⢦ಏ⾻Є྾

ᆣ⫻ᵱǺǳǓǵᎰ╿Ǧ⾻ሬ⣪ǹᅶᚩɟɵȸɱɨ

ȡᖑǨȚർ┶ǛǑȚƹ͑ࡋǽᎰ╿ǺǾȪɳɧ

ɒȽɻɟɳȳɋɟȡπ᧸ǦǮƹȳɋɟɣɳɈʀ

Ǿ⦘ǶǑș⾻ᚬ˛ǾᳶảȴɁȡᘓǦǮƹẜ

Ⱒǽ⬄ϭˀ⾻Ꮀ╿ệእǯǠȡ⡻ȈȚǷ⾻ᚩಏ⫻

⭷Ǿ 50cC⾻ᅶᚩ⢦ಏǾ 5 K/min⾻Є྾ᆣ⫻Ǿ

ሬ 30 ոͨˀǛർ┶ǶǑȚƹǢǢǶ⾻ᣀǺ⯍

ᕧ៵ǽȰʀɀɻȸǽർ┶මǺǳǓǵ⡻ȈȚƹ⯍

ᕧ៵ԑǽᚩಏǽࢍʶමǾⶲᚩǶǽṐǹᕉᡡᚬ

ǽȵʀɥȬɻɐǶǑȚƹࡖ 1 Ǻ⦘ȳɋɟ

ɣɳɈʀǽȎǽई۰ǽȰʀɀɻȸǽሱᠪǽ⣖Ǔ

ǺȗȚᡡ⦖ংكȡᰳǨƹᚬᚩಏᶽࡕǾ 1000

ǚȘ 1150cC ǶǑș⾻ףᡡ⢦ಏǾ 10 K/min Ƕ

ǑȚƹٸǺ 1000cC ǙȗȂ 1150cC ǺǙǓǵǬ

țǭț 30 ոЄ྾ǨȚͨঋǺ⾻1000cC ǶǑȘǚ

ǧȐ 2」4 ᆣ⫻⯍ᕧ៵ȡЄ྾Ǧ⾷ǢǢǶǾǢț

ȡȰʀɀɻȸǷܵȅ⾸⾻Ǭǽൖ⢡ǽᚬȡ

⒅ǲǮệእǶǑȚƹࡖ 1 ǺᰳǨȗǕǺ⾻Ȱʀ

ɀɻȸȡǦǹǓई۰ǾᚬǣǷǺᡡ⦖ሞἠǛগ

ǜǞᨵǹǲǵǓȚƹᣀǺ⾻Є྾ᆣǺǙǓǵȑ

ɡʀɁɱȬɻǾʶǪǩ⾻ংكǦǵǓȚƹʶ

ᅀ⾻ǑȘǚǧȐ⯍ᕧ៵ȡȰʀɀɻȸǦǮई۰Ǿ

Є྾ᆣǽᡡ⦖ংكȑȊǷȢǸǹǞ⾻ᚬǣǷǽ

ǿȘǳǜȑᔲǺტǤțǵǓȚƹǢțǾ⾻

ᚩࢪǽ DSC ǺǙǓǵǾ⯍ᕧ៵⅋Χǽᡡ⦖Ǜ

ତǤǞᅶᚩǺଓǦǵඅᵼǛǾȓǓǮȐȰʀɀɻ

ȸǽർ┶ǾǹǓǛ⾻ⶲᚩࢪ DSC ǺǙǓǵǾ⯍

ᕧ៵ǽᐦ⢧ˀ⾷⯍ᕧ៵ǽᚩಏ֝൧Ƿ⯍ᕧ៵ԑǽ

ᚩಏࢍʶම⾸Ȱʀɀɻȸȡ⒅ȞǹǓǷɟɵȸɱ

ɨˀǾʶᚩಏǺǹǲǵȑᡡ❙⯍מǛયǦǹ

ǓǷǓǕǢǷȡᰳǦǵǓȚƹ

ቊᮾ᳣ǶᎰ╿ǤțǮⓓΈǶǾ⾻1 ǽɁȵɫࡋ

ɻǶᚬǶǜȚɟɵȸɱɨǽɁɎɋɟᄋǾ 8

ᔲȍǶǶǑȚǮȐ 1 ɟɵȸɱɨǶӴᚩಏࣕ

ǾᚬǶǜǹǓƹǬǢǶӴᚩಏࣕȡ 3 ոׂ

Ǧ⾻۬Ɂȵɫɻǽ⫳֭ǺǾർǩ⫳ᚩಏǶ 4

」6 ᆣ⫻Ȱʀɀɻȸȡ⒅ǕǢǷǶɡʀɁɱȬɻ

ǽʶǦǮᚬǛǶǜȚǢǷȡ◜ǦǮƹሬẹ

Ǻ⾻όǗǿ⾻⾷4 ᆣ⫻Ȱʀɀɻȸ)ē(1150cC,

45 ոЄ྾)ē(ᅶᚩ⢦ಏ⾻5 K/min)ē(1200cC,

45 ոЄ྾)ē(5 K/min)ē(1250cC, 45 ոЄ྾)

ēǷǓǕᅶᚩɟɵȸɱɨȡᾎș⡫ǨǢǷǶ۬ᚩ

ಏǽᕉᡡȡᶟլǦǮƹǹǙ⾻ቊⓓΈǶǾ⾻

1500cC ȡ❞Ǘǵᚬȡ⒅ǕǷɟɱɉɒȳɋɟ

ǷȳɋɟɣɳɈʀǛ᭭ǦǵǦȍǕǮȐ⾻⦘
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㑮ࡖ ံጣǦǮᅶᚩɟɵȸɱɨǶǽɞɱɻȷ⾻Ȫɳ

ɧɒ⾻SLS ȴɱɁǽ 850」1100cC ǽᚩಏࣕǶ

ǽᡡ⦖ংك⾷╀ȓǨǞǨȚǮȐǺ⾻Ǭțǭțǽ

▿ᄦǽ Heat ‰ow ǺଓǦǵǩȘǦǵǓȚ⾸

㑯ࡖ ɅʀɈɱȬɨȹȬ⥫दȴɱɁǽᕉᡡǽᚩಏϞ

ઇම⾷۬ɁɎɋɟǺǙǓǵൡȘțǮᕉᡡǽоǛ

ǬǽȍȍᰳǤțǵǓȚ⾸

㑰ࡖ ɅʀɈɱȬɨȹȬ⥫दȴɱɁǽᕉᡡǽᚩಏϞ

ઇම⾷۬ɁɎɋɟǺǙǓǵ˛ൺᚩಏ͛⡨ǽ౪ࢍ

ᕉᡡǽо⾸
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əɻȡ᧸ǓǵಏȗǞᚬǨȚǺǾ 1500cC Ǜ

⭈ᨕǶǑȚƹ⢡⾻ᑙᛡᢼ✤ǺǾḠǽȪɳɧ

ɒǛ᧸ǓȘțȚǛ⾻ḠȪɳɧɒǾⶲᚩǺǙǓ

ǵᠭệǦ⾻Ǭǽ⭾ǺᡡǽլӱșǛǑȚǽǶ⾻

1300cC ͨˀǽⶲᚩǶǾ˃⣪ഝǶǑȚƹᠭệΧ

ǑȚǓǾٸệᇋȡ᧸ǓȚǢǷǛർⱿǶǑȚƹ

㑰. ȴɱɁǽᕉᡡᚬ

ȴɱɁΧǽ 1000」1500cC ǷǓǕⶲᚩǶǽ

ᕉᡡȡల⛩ǽ DSC ⓓΈȡ᧸ǓǵṐಏȗǞᚬ

ǨȚǮȐǽᅶᚩɟɵȸɱɨǛᖑǤțǮǽǶ⾻

Ǭǽᅶᚩɟɵȸɱɨȡ᧸ǓǵǓǞǳǚǽȴɱɁ

ǽⶲᚩǶǽᕉᡡȡᚬǦǮƹǢǢǶǾ⾻ɅʀɈ

ɱȬɨȹȬ⥫द⾷SLS⾸ȴɱɁ⾷ẻ༔テSiO2

74.0, Na2O 16.0, CaO 10.0 (mol㎪⾸⾻ံϜテ

HOYA㎥ጋ⾸ǽệእȡ⡻ȈȚƹǹǙ⾻ቊીǶ

Ǿ⾻ૅᚩǚȘ 600cC ȍǶǽᶽࡕǾᥴક⯍ᑿ⓯

ᡡᘓትࢪ DSC (Thermo‰ex TAS200, DSC-

8230D⾸ȡ⾻450cC ǚȘ 1500cC ǽᶽࡕǾ Per-

kin Elmer ⶲᚩᰳఞࢪȪɒɱȬȾʀ DTA7 ȡ

᧸Ǔǵᕉᡡᚬȡ⒅ǲǮƹ

ࡖ 2 Ǻ 850」1100cC ǽᚩಏᶽࡕǺǙǠȚ⾻

ɞɱɻȷ⾷⦘əɻ⾸⾻ȪɳɧɒǙȗȂ SLS ȴ

ɱɁǽᡡ⦖ংكȡᰳǨƹǢțȘǽᡡ⦖ংكሞἠ

ǚȘᶟլǤțǮ۬ɁɎɋɟǺǙǠȚᲷƼǽᚩಏ

Ƕǽᕉᡡȡࡖ 3 ǺᰳǨƹᕉᡡǽɏʀɇȡ╀Ț

Ƿ⾻ᣀǺ 1000cC ͨˀǽⶲᚩǺǙǓǵɏʀɇǽ

ɘɱɌȵǛ᧯ǧǵǓȚƹǢǽई۰⾻ᅶᚩɟɵȸ

ɱɨǶǽ۬ɁɎɋɟǺǙǓǵ۬ɁɎɋɟԑǶǽ

ǓǞǳǚǽᚩಏǶǽᕉᡡǛᶟլǤțǵǓȚƹǬ

ǢǶ⾻۬ɁɎɋɟǶǽ˛ൺᚩಏ͛⡨ǽ౪ࢍǽᕉ

ᡡȡᶟլǦǮ⾷Ǣǽई۰⾻۬ɁɎɋɟǽᚩಏᶽ

ǺǙǓǵࡕ 1 ǳǽᕉᡡǽȎǛᶟլǤțȚ⾸ƹǬ

ǽɏʀɇȡࡖ 4 ǺᰳǨƹ۬ɁɎɋɟǺǙǓǵ

ɁɎɋɟǽ˛ൺᚩಏ͛⡨ǶǽᕉᡡǽоǽȎȡᶟ

լǨȚᅀǛȗșɘɱɌȵǽଦǹǓᕉᡡǽɏʀɇ
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ǛൡȘțȚǢǷȡᰳǦǵǓȚƹǢǽǢǷǾ⾻ቊ

ીǶπ᧸ǦǮⓓΈǙȗȂᅶᚩɟɵȸɱɨǶ

Ǿ⾻۬ɁɎɋɟǶǽ֭٪Ƿൖ٪ǽᚩಏⲏࣕȡ

πǲǵᶟլǤțǮᕉᡡǽоǾǿȘǳǞǷǓǕǢ

ǷȡܬǦǵǓȚƹ700」1500cC Ƕǽ౪ࢍǽᕉ

ᡡǾ 1.56 Jg⾼1 K⾼1 ǶǑȚƹ2 ᲷⲲǽⓓΈȡ᧸

ǓǵǓȚǛ⾻ᚩѩǷⶲᚩѩǽᕉᡡǽᚩಏϞઇ

මǛɁɨʀɂǺংكǦǵǙș⾻ȴɱɁ⟵Სᚩಏ

͛⡨Ƕǽᐦ⢧Ἧ݅ǺΒǕᕉᡡǽɀɫɻɟȑᅽᮌ

Ǻ╞ᚬǤțǵǓȚƹǹǙ⾻౪ࢍǽᕉᡡǾᾎș⡫

ǦᚬǺǙǓǵd0.02 Jg⾼1 K⾼1 ǶǑǲǮƹ

㑱. ȍ Ƿ Ȑ

⢡ǽల⛩ǤțǵǓȚ DSC ⓓΈȡ᧸Ǔǵⶲ

ᚩǶǽȴɱɁΧǽᕉᡡȡԙᥰමȗǞᚬǨȚ

ǮȐǺǾ⾻⣪ǹɟɵȸɱɨǽ▚ǷીቷͲ

ǺଓǨȚẫൺǽᗨǛർ┶ǶǑȚƹ1000cC ͨ

ˀǽⶲᚩǶǾ⾻ᡡ⠤ଙǛᏩȐǵগǜǞ⾻ǰȖǲ

ǷǦǮࡍڤǶᡡ⦖ংكሞἠǺ഻ⱶȡڽȋǨƹᣀ

Ǻ⾻⯍ᕧ៵ǽȰʀɀɻȸǾởଓǺർ┶ǶǑȚƹ

ቊ△Ϣཪ⒈Ǻȗǲǵ⾻1000cC ͨˀǽⶲᚩǶ

Ǿ⾻ɅʀɈɱȬɨṾȴɱɁǾ 1.55」1.56 Jg⾼1

K⾼1⾻ɣȮȹȬ⥫दṾȴɱɁǾ 1.34」 1.39

Jg⾼1 K⾼1 ǓǕᕉᡡǽоȡൡȘțǮƹ


