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Fig.2 Simple distillation curve of second process (salt effect distillation)

Fig.1 Separation process flow diagram of Hydrofluoric acid䠉Hydrochloric acid

mixed acid waste

Mixed acid waste

First distillation  

Second distillation  

waste

Third distillation  

F1

D1

D2

D3

W2

Hydrochloric acid 

Hydrofluoric acid 

W3

W1

waste

HF: 9.51mol/dm3

HCl :1.98mol/dm3

HCl :1.89mol/dm3

HF: 0.77mol/dm3

HF: 17.5mol/dm3

HCl :1.86mol/dm3

HF: 22.7mol/dm3

HCl :1.19mol/dm3

HCl :2.07mol/dm3

HF: 3.31mol/dm3

(Yield:65.4mol%)

(Yield:70.0mol%)
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㸦㛵す኱࣭⎔ቃ㒔ᕷᕤ㸧○㸦ṇ㸧ᒣᮏ ⚽ᶞ㸨 㸦࣭Ꮫ㸧⏫㔝 ᑗᏹ 㸦࣭Ꮫ㸧኱ᮧ ೺ᚿ㑻 

㸦㟁◪ࢢࣥࣜ࢔ࢽࢪ࢚ࣥ㸧኱ஂಖ ୍㑻࣭ఫẕᐙ ᒾኵ 

 

1. ⥴  ゝ

㟁Ꮚ༙ᑟయᕤᴗࡸ㔠ᒓຍᕤᕤᴗࡢ࡝࡞ศ㔝࠸࠾࡟

Ὑίᾮࡀΰ㓟⁐ᾮࡢ࡝࡞ሷ㓟ࡧࡼ࠾㓟㸪◪㓟ࢵࣇࠊ࡚

ࡢᯝከ㔞⤖ࡢࡑࠋࡿ࠸࡚ࢀࡉ⏝฼࡚ࡋ࡜㠃ฎ⌮ᾮ⾲ࡸ

ΰ㓟ᗫᾮࡀ᤼ฟࠊࡾ࠾࡚ࢀࡉΰ㓟ᗫᾮࡢ෌⏕฼⏝ᢏ⾡

ࡿࡅ࠾࡟⾮Ẽᾮᖹࠊࡣᮏ◊✲ᐊ࡛ࠋࡿ࠸࡚ࢀࡽࡵồࡀ

ሷຠᯝࢆ฼⏝ࡓࡋከᡂศ⣔ΰ㓟ᗫᾮࡢ⵨␃ศ㞳ࡢᇶ

♏ᐇ㦂ࠋࡓࡁ࡚ࡗ⾜ࢆᮏ◊✲࡛ࢵࣇࠊࡣ㓟㸫ሷ㓟 2ᡂ

ศ⣔ΰ㓟ᗫᾮࡢ⵨␃᳨࡚࠸ࡘ࡟ࢫࢭࣟࣉウࠋࡓࡗ⾜ࢆ 

2. ᐇ㦂⿦⨨ࡧࡼ࠾ᐇ㦂᪉ἲ 

2.1 Ẽᾮᖹ⾮ࡿࡅ࠾࡟ሷຠᯝ 

 ᮏ◊✲ࡿࡅ࠾࡟ሷ㓟㸫Ỉ㸫ሷ⣔ࡢẼᾮᖹ⾮ ᐃࠊࡣ࡟

Ẽࡢ㓟㸫Ỉ㸫ሷ⣔ࢵࣇࠊ⨨ᆺẼᾮᖹ⾮ ᐃ⿦࣮࣐ࢫ࢜

ᾮᖹ⾮ ᐃࠊࡣ࡟Perfluoro alkyl vinyl ether (௨ୗPFA) 

࠸⏝ࢆࡢࡶࡓࡋヨసࢆ⨨Ẽᾮᖹ⾮ ᐃ⿦ࡓࡋ࡜ᮦ㉁ࢆ

ㄪ〇࡟࠺ࡼࡿࢀࡽᚓࡀࢱ࣮ࢹ⾮ప⃰ᗘᇦ࡛Ẽᾮᖹࠋࡓ

ヨ࡚ࡋῧຍࢆሷ࠺ࡼࡿ࡞࡜ᣦᐃ⃰ᗘࠊ࡟ΰྜ⁐ᾮࡓࡋ

ᩱ⁐ᾮࠋࡓࡋ࡜ヨᩱ⁐ᾮࢆຍ⇕࡬ࣝࢳࢫ௙㎸࣮࢝ࠊࡳ

⇕ຍࡾࡼ࡟࣮ࢱ࣮ࣄࣝࢺ࣐ࣥࡧࡼ࠾࣮ࢱ࣮ࣄࢪࢵࣜࢺ

㟁ࠊࡋ᥇ྲྀࢆࣝࣉࣥࢧ┦Ẽࡧࡼ࠾┦ᾮࠊᖹ⾮ᚋࠋࡓࡋ

఩ᕪ⮬ື⁲ᐃ⿦⨨(ி㒔㟁Ꮚᕤᴗओ AT-510)࡚࠸⏝ࢆ

ሷ㓟⃰ᗘࢆ ᐃࣇࣛࢢࢺ࣐ࣟࢡࣥ࢜࢖ࠊࡋ((ᰴ) ᪥ᮏࢲ

ࢫࢡࢿ࢜࢖ ICS-1000 ௨ୗ IC)ࢵࣇ࡚࠸⏝ࢆ⣲ࣥ࢜࢖

⃰ᗘࡢ ᐃࠊ࠸⾜ࢆ⤌ᡂࢆỴᐃࠋࡓࡋ 

 ࢫࢭࣟࣉ⏕⵨␃෌ࡢ㓟㸫ሷ㓟⣔ᐇΰ㓟ᗫᾮࢵࣇ 2.2

ᮏ◊✲࡛ࢵࣇࡣ㓟㸫ሷ㓟⣔ᐇΰ㓟ᗫᾮࡢ㈨※෌⏕ᢏ

ࣉ⏕⵨␃෌ࡓࡋ⏝฼ࢆሷຠᯝࠊ࡚ࡋ࡜ⓗ┠ࢆ㛤Ⓨࡢ⾡

⵨␃ᐇࡿࡅ࠾࡟✲◊ᮏࠋࡓࡗ⾜ࢆウ᳨࡚࠸ࡘ࡟ࢫࢭࣟ

㦂ࠊࡣヨసࡓࡋPFA〇༢⵨␃⿦⨨࡚࠸⏝ࢆ༢⵨␃ࢆ⾜

㓟㸫ሷ㓟⣔ᐇΰ㓟ᗫᾮࢵࣇࠋࡓࡗ 1000g ࢆ௙㎸ࡳᾮ࡜

࡚ࡋ៖⪄ࢆᮦ㉁ࡢ⨨⿦ࡣຍ⇕ ᗘࠋࡓࡋ 200Υࠊ࡟෭

༷Ỉ ᗘࡣ 5Υ࡟タᐃࠋࡓࡋ␃ฟᾮࡣᡤᐃ㔞ᩘࡘࡎᅇ

ࡼ࠾㓟ࢵࣇࡢฟᾮ୰⨁ࡧࡼ࠾ฟᾮ␃ࠊࡋ᥇ྲྀ࡚ࡅศ࡟

ࡣሷ㓟⃰ᗘࡧ IC ᗫᾮ,␃ฟᾮࠊࡓࡲࠋࡓࡋᐃ㔞ࡾࡼ࡟

୰ࡢ㔠ᒓࡢࣥ࢜࢖ᐃᛶ࣭ᐃ㔞ศᯒࡣ ICPⓎගศᯒ⿦⨨

((ᰴ)ᓥὠ〇సᡤ ICPS-7510)ࠋࡓࡗ⾜࡚࠸⏝ࢆ 

3. ᐇ㦂⤖ᯝࡧࡼ࠾⪃ᐹ 

3.1 Ẽᾮᖹ⾮ࡿࡅ࠾࡟ሷຠᯝ 

ᮏ◊✲ࠊ࡚࠸࠾࡟LiNO3 ࡛⾮Ẽᾮᖹࡢሷ㓟㸫Ỉ⣔ࡣ

ሷධࡣ࡛⾮Ẽᾮᖹࡢ㓟㸫Ỉ⣔ࢵࣇࠊࡋ♧ࢆሷᯒຠᯝࡣ

ຠᯝࠋࡓࡋ♧ࢆLiNO3 ࠾࡟⏕ศ㞳෌ࡢሷ㓟࡜㓟ࢵࣇࡣ

 ࠋࡿࢀࡽ࠼⪄࡜ࡿ࠶࡛ࡘ୍ࡢሷ࡞᭷ຠ࡚࠸

 ࢫࢭࣟࣉ⏕⵨␃෌ࡢ㓟㸫ሷ㓟⣔ᐇΰ㓟ᗫᾮࢵࣇ 3.2

 ᮏ◊✲࡛ࢵࣇࠊࡣ㓟㸫ሷ㓟⣔ΰ㓟ᗫᾮ࡚࠸⏝ࢆᐇ㦂

ࢫࢭࣟࣉ⏕⵨␃෌ࡓࡋウ᳨࡚࠸࠾࡟✲◊ᮏࠋࡓࡗ⾜ࢆ

ࡣࢫࢭࣟࣉᮏࠋࡍ♧࡟Fig.1ࢆ 3ẁ㝵࡛1ࠊࡾ࠶ẁ㝵┠

࡛ᗫᾮ୰ࡿࢀࡲྵ࡟㔠ᒓࡧࡼ࠾ࣥ࢜࢖ΰ㓟ࢆศ㞳2ࠊࡋ

ẁ㝵┠࡛LiNO3ࡿࡼ࡟ሷຠᯝࢆ฼⏝ࡓࡋ⵨␃ࡾࡼ࡟ሷ

㓟࡟ᐩࡴ␃ฟᾮ3ࠊࢆ ẁ㝵┠࡛㏻ᖖࡢ⵨␃ࢵࣇࡾࡼ࡟

㓟࡟ᐩࡴ␃ฟᾮࢆᅇ཰ࠋࡿ࠶࡛ࡢࡶࡿࡍᮏ࡟ࢫࢭࣟࣉ

ࠋࡍ♧࡟ᅗ୰ࢆ⋠཰ࡧࡼ࠾ᗘ⃰ࡢฟᾮ␃ࡓࡁᅇ཰࡛ࡾࡼ

1 ẁ㝵┠ࡢ㏻ᖖࡢ༢⵨␃ࡣ␃ฟ⋡ ࡛ࡲࡿ࡞࡜62.5%࡛

ࢇ࡜࡯ࠊࡣᗘ⃰ࣥ࢜࢖㔠ᒓࡢฟᾮ(D1)୰␃ࠋࡓࡋ⥆⥅

ࡀ࡜ࡇࡿࡍ㝖ཤ࡟᏶඲ࡣࣥ࢜࢖㕲࡟≉ࠊࡎࢀࡉฟ᳨࡝

2ࠋࡓࡗ࠶࡛⬟ྍ ẁ㝵┠࡛ࠊࡣLiNO3 ࢆሷຠᯝࡿࡼ࡟

฼⏝ࡓࡋ༢⵨␃ࠋࡓࡗ⾜ࢆሷ⃰ᗘࡣ 10wt%ࠊࡋ࡜␃ฟ

ࠋࡍ♧࡟Fig.2ࢆ⥺⵨␃᭤ࡢ┠2ẁ㝵ࠋࡓࡋ࡜%63.7ࡣ⋠

LiNO3 ᢚไ࡛ࢆฟ␃ࡢ㓟ࢵࣇ࡚ࡗࡼ࡟࡜ࡇࡓࡋῧຍࢆ

࠶࡛⬟ྍࡀ࡜ࡇࡿࡍᅇ཰ࢆฟᾮ(D2)␃ࡴᐩ࡟ሷ㓟ࠊࡁ

3ࠋࡓࡗ ẁ㝵┠ࡢ㏻ᖖࡢ༢⵨␃ࡣ␃ฟ⋡ ࡿ࡞࡜68.1%

࡜ࡇࡿࡍᅇ཰ࢆฟᾮ(D3)␃ࡴᐩ࡟㓟ࢵࣇࠊࡋ⥆⥅࡛ࡲ

 ࠋࡓࡗ࠶࡛⬟ྍࡀ

*E-mail : yhideki@kansai-u.ac. jp  Tel : 06-6368-0972 
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