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▼⅊ỈὙࡢ࣮࢟ࢣ⏝㏵㛤Ⓨ࡟㛵ࡿࡍ◊✲㸦➨㸰ሗ㸧�

 

⸨⏣࿴᭸㸨ࠊⲈᮌ㟹ᾈ㸨 

 

Application development of Raw-lime Washing Sludge㸦ϩ㸧 
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� ᮏᖺᗘࠊࡣ▼⅊ỈὙ࣮ࣜࣛࢫ࣮࢟ࢣ୰ࡢ Ca ࡋウ᳨ࢆୖྥࡢ⬟㔜㔠ᒓ྾╔ᛶࠊ࡚ࡗࡼ࡟࡜ࡇࡿࡍไᚚࢆࣥ࢜࢖

ࣜ࢝ࣝ࢔㓟࣭ࠊࡓࡋ᝿ᐃࢆᭀ㟢ࡢ࡬ቃ⎔ࡢ㔜㔠ᒓᅛᐃฎ⌮ᅵተࠊࡵࡓࡿࡍホ౯ࢆᏳᐃᛶࡢ㔜㔠ᒓ྾╔ᚋࡓࡲࠋࡓ

Caࠊᯝ⤖ࡢࡑࠋࡓࡋホ౯ࢆฟᛶ⁐ࡿࡼ࡟ ࡿࡍ⏕ゎ࡛Ⓨ⁐ࡢ࣮࢟ࢣỈὙࡿࡼ࡟㓟ῧຍࠊࡕ࠺ࡢไᚚࣥ࢜࢖ Ca ࢜࢖

ࣥไᚚ᪉ἲ㸦ෆ㒊Ⓨ⏕ἲ㸧࡛ࡣ኱࡞ࡁᨵၿࠊࡀࡓࡗ࠿࡞ࡣCa ※㸦ᾘ▼⅊㸧ࢆῧຍ࡚ࡋ Ca ᪉ἲࡿࡍไᚚࢆࣥ࢜࢖

㸦እ㒊ῧຍἲ㸧࡛ࠊࡣBࠊCrࠊAs ࡛኱࡞ࡁᨵၿࡀ☜ㄆ࡛ࠋࡓࡁᏳᐃᛶࡣ᫖ᖺᗘࡢ⤖ᯝࠊࡽ࠿ỈὙࡢ࡬࣮࢟ࢣ྾╔

ࡓࡗ࠿㧗ࡀ PbࠊCdࠊHgࠊAsࠊSe ࡟≉ࠊࡀࡓࡋホ౯㸯㸧ࢆ PbࠊCd  ࠋࡓࡗุࡀ࡜ࡇ࠸㧗ࡀᏳᐃᛶࠊࡃ࡞ᑡࡀฟ⁐ࡢ

 

㸯㸬࡟ࡵࡌࡣ 

ᮏ◊✲ࠊࡣ▼⅊ᴗ⏺ࡢỌᖺࡢၥ㢟࡛ࠊࡿ࠶▼⅊〇㐀᫬

ᚤࡓࡗࡊΰࡢ≀㸦୙⣧࣮࢟ࢣỈὙ⅊▼ࡿࡍ⏕๪࡟኱㔞࡟

⢏ᏊⅣ㓟࣒࢘ࢩࣝ࢝㸧ࡢ⏝㏵㛤Ⓨ࡟㛵ࠋࡿ࠶࡛✲◊ࡿࡍ

↛ኳࠊࡿࡵぢ㎸ࡀ㈝኱㔞ᾘࡢ࣮࢟ࢣỈὙࠊࡣ࡛✲◊ࡢࡇ

⣔㔜㔠ᒓࡴྵࢆᅵተࡢ㛤Ⓨṧᅵ㸦ࡸࣝࢿࣥࢺ㐀ᡂ➼㸧ࠊࡸ

ὼ ᅵተ➼ྵࡢ᭷㔜㔠ᒓฎ⌮࡟฼⏝ࡿࢀࡉ㔜㔠ᒓ⁐ฟᢚ

ไ๣㸦୙⁐໬๣㸧ࡢ࡬ά⏝ࢆ┠ᣦࠋࡿ࠶࡛ࡢࡶࡍ�

᫖ᖺᗘࡣỈὙࠊࡀ࣮࢟ࢣᅵተởᰁᑐ⟇ἲ࡛つᐃࡿࡍከ

ỈὙࠊࡀࡓࡋㄆ☜ࢆ࡜ࡇ࠸㧗ࡀ྾╔ᛶࡋᑐ࡟㔜㔠ᒓࡢࡃ

࡚࠸࠾࡟㔜㔠ᒓ㢮ࠊࡣ࣒ࢬࢽ࣓࢝╔྾ࡢ㔜㔠ᒓࡢ࣮࢟ࢣ

Ỉࡣ௒ᖺᗘࠋ㸰㸧࠸ከࡀⅬ࡞୙᫂ࠊࡋ♧ࢆᣲືࡓࡗ࡞␗

Ὑࡢ࣮࢟ࢣ୺ᡂศ࡛ࡿ࠶ Ca Caࠊࡋ┠╔࡟ ࡟ไᚚࣥ࢜࢖

᝿ࢆᒇእᭀ㟢ࡢฎ⌮ᅵተࠊ࡜ୖྥࡢ⬟㔜㔠ᒓ྾╔ᛶࡿࡼ

ᐃࡓࡋᏳᐃᛶ㸦㔜㔠ᒓࡢ⁐ฟᛶ㸧᳨ࢆウࠋࡓࡋ�

 

㸰㸬ᐇ㦂 

㸰㸬㸯� �㧗άᛶ໬ࡿࡼ࡟ไᚚࣥ࢜࢖࣒࢘ࢩࣝ࢝

▼⅊ᴗ⏺ࡢ࡬ᢏ⾡⛣㌿ࢆ⪃៖ࠊࡋప࡛ࢺࢫࢥ⡆౽࡞ไ

ᚚ᪉ἲࠊ࡚ࡋ࡜ෆ㒊Ⓨ⏕ἲ࡜እ㒊ῧຍἲࡢ㸰ࢆࡘᥦ᱌ࡋ

᳨ウࠋࡓࡋ�

㸰㸬㸯㸬㸯� ෆ㒊Ⓨ⏕ἲ�

� 㓟㸦ሷ㓟㸧ῧຍ࡛ỈὙ࣮ࣜࣛࢫ࣮࢟ࢣ୰ࡢ Ca ᡂศࢆ

㒊ศⓗ࡟⁐ゎࠊ࡛࡜ࡇࡿࡍෆ㒊ࡽ࠿Ⓨ⏕ࡿࡍ Ca ࣥ࢜࢖

�ࠋࡿࡍウ᳨ࢆ྾╔ᛶྥୖࡢ㔜㔠ᒓࠊ᪉ἲ࡛ࡿࡍไᚚࢆ

㸰㸬㸯㸬㸯㸬㸯� ⁐ᾮᣲືࡢゎ᫂�

ෆ㒊Ⓨ⏕ἲ࡛㔜㔠ᒓࡢ྾╔ᛶࢆホ౯ࡿࡍ๓ࠊ࡟ሷ㓟ࢆ

ỈὙ࡟࣮ࣜࣛࢫ࣮࢟ࢣῧຍࡓࡋ㝿ࡿࡌ⏕࡟⁐ᾮᣲືࢆゎ

᫂ࠊࡣ࡜ࡇࡿࡍ኱ኚ㔜せ࡛ࡵࡓࡢࡇࠋࡿ࠶ᇶᮏⓗ࡞⁐ᾮ

ᣲື࡛ࠊࡿ࠶pHࠊ㟁Ẽఏᑟᗘࠊཬࡧ⁐ᾮୖ⃈ࡢࡳ Ca ⃰

ᗘࢆ ᐃࠋࡓࡋ�

ᐇ㦂᪉ἲࠊࡣỈὙ࣮࢟ࢣ 100 g ⵨␃Ỉ࡜ 1000 g �࣮ࣅࢆ

ࠊ࡜ࡢࡶࡓࡋ࡜࣮ࣜࣛࢫ࡞ᆒ୍࡚ࡋ༑ศᨩᢾࠊࢀධ࡟࣮࢝

ẚ㍑࡚ࡋ࡜⵨␃Ỉ 1000 g ࡢࡶࡓࢀධ࡟࣮࣮࢝ࣅࢆࡳࡢ

�ሷ㓟㸦㸯㹌࡟ࢀࡇࠋࡓࡋព⏝ࢆ ヨ⸆≉⣭㸧ࢆ ࠊ0.01ࠊ0

100gࠊ10ࠊ1ࠊ0.1 ῧຍࡓࡋ㝿ࠊࡢpHࠊ㟁ẼఏᑟᗘࠊCa

⃰ᗘࢆ ᐃࠋࡓࡋ�

㸰㸬㸯㸬㸯㸬㸰� 㔜㔠ᒓ㢮ࡢ྾╔ᛶ�

᫖ᖺᗘྠ࡜ᵝࠊ࡟⎔ቃᇶ‽ࡢ 1000ࠊ100ࠊ10 ಸࡢᶍᨃ

ởᰁỈࢆస〇ࠊࡋỈὙࡢ࣮࢟ࢣ㔜㔠ᒓ྾╔㔞ࢆ ᐃࠋࡓࡋ

྾╔ᛶࢆホ౯ࡿࡍ㔜㔠ᒓ㢮ࠊࡣᅵተởᰁᑐ⟇ἲ࡛つᐃࡍ

BࠊCdࠊPbࠊAsࠊCrࠊ୰࡛ࡢ㔜㔠ᒓ㢮ࡿ �ࠋࡓࡋ࡜

ヨ㦂᪉ἲࠊࡣ᫖ᖺྠ࡜ᵝࠊ࡟ỈὙ࣮࢟ࢣ 10g ᶍᨃở࡜

ᰁỈ 100㹥ࠊ࡜ሷ㓟㸦ῧຍ㔞ࡣ ࡢ10㹥ࠊ0.1ࠊ0 � ✀㸧ࢆ

250ml ࡢ PP ᨩᢾ㸦6࠺࡜᣺ࠊࢀධ࡟ࣝࢺ࣎ ᫬㛫ࠊẖศ

⣙ 200 ᅇ㸧ࠊࡋ⁐ᾮࢆ㐲ᚰỿ㝆ศ㞳㸦ẖศ⣙ 3000 ᅇ㌿ࠊ

20 ศ㛫㸧ࡳ⃈ୖࠊࡋᾮࡢ㔜㔠ᒓ⃰ᗘࢆ ᐃࠋࡓࡋ�

㸰㸬㸯㸬㸰� እ㒊ῧຍἲ�

� Ca ※㸦ᾘ▼⅊� Ca(OH)㸰㸧ࢆỈὙ࡟࣮ࣜࣛࢫ࣮࢟ࢣ

ῧຍࠊࡋᾘ▼⅊ࡢ⁐ゎ஋㞳ࠊ࡚ࡗࡼ࡟Ca ไᚚࢆࣥ࢜࢖

�ࠋࡍᣦ┠ࢆ྾╔ᛶྥୖࡢ㔜㔠ᒓࠊ᪉ἲ࡛ࡿࡍ

㸰㸬㸯㸬㸰㸬㸯� ⁐ᾮᣲືࡢゎ᫂�

� 㸦�����㸧ྠ࡜ᵝࠊ࡟ỈὙ࡟࣮ࣜࣛࢫ࣮࢟ࢣᾘ▼⅊

㸦ヨ⸆≉⣭㸧ࢆ 10gࠊ1ࠊ0.1ࠊ0.01ࠊ0.001ࠊ0 ῧຍࡓࡋ

㝿ࡢ⁐ᾮᣲືࢆ ᐃࠋࡓࡋ�

㸰㸬㸯㸬㸰㸬㸰� 㔜㔠ᒓ㢮ࡢ྾╔ᛶ�

� 㸦�������㸧ྠᵝࠊ࡟㔜㔠ᒓ྾╔ᛶࢆホ౯ࠋࡓࡋ�

㸰㸬㸰� 㔜㔠ᒓ྾╔Ᏻᐃᛶホ౯�

� ỈὙࢆ࣮࢟ࢣ㔜㔠ᒓ⁐ฟᢚไ๣࡬ᒎ㛤ࠊ࡛ୖࡿࡍ㔜

㔠ᒓ྾╔ᛶࡣ㔜せ࡞≉ᛶ࡛ࠊࡀࡿ࠶㔜㔠ᒓࢆ྾╔ࡓࡋỈ

Ὑࠊࡢ࣮࢟ࢣᒇእᭀ㟢⎔ቃࡿࡅ࠾࡟Ᏻᐃᛶ㸦⁐ฟᛶ㸧ࡶ

㔜せ࡞≉ᛶ࡛ࡢࡇࠋࡿ࠶ホ౯ࠊࡣ㈈ᅋἲேᅵተ⎔ቃࣥࢭ

ࡢ㔜㔠ᒓ➼୙⁐໬ฎ⌮ᅵተࠕࠊ࡚࠸࠾࡟㸦*(3&㸧࣮ࢱ

pH ኚ໬࡟ᑐࡿࡍᏳᐃᛶࡢ┦ᑐⓗホ౯᪉ἲࠖ㸱㸧࡛♧ࠊࢀࡉ

ᒇእᭀ㟢ࢆୗグ࡟࠺ࡼࡢつᐃࠊࡿ࠸࡚ࡋ�

����㓟ῧຍ⁐ฟヨ㦂Ϩ㸦◲㓟㸧� * ໬Ꮫ㒊 



ᒱ㜧┴⏘ᴗᢏ⾡⥲ྜ࣮ࢱࣥࢭ◊✲ሗ࿌� ➨㸯ྕ�

�

- 34 - 

� ࣭100 ᖺ㛫ࡢ㓟ᛶ㞵┦ᙜ㸦◲㓟㸸pH 2.8㸧�

����㓟ῧຍ⁐ฟヨ㦂ϩ㸦◲㓟㸧�

� ࣭500 ᖺ㛫ࡢ㓟ᛶ㞵┦ᙜ㸦◲㓟㸸pH 2.1㸧�

�ῧຍ⁐ฟヨ㦂Ϩ㸦ᾘ▼⅊㸧ࣜ࢝ࣝ࢔����

� ࣭ᆅ୰ࢺ࣮ࣜࢡࣥࢥ࡟ᵓ㐀≀ࡿ࠶ࡀሙྜࠊᙅࣜ࢝ࣝ࢔�

� � ᭀ㟢ࢆ᝿ᐃ㸦pH 11.9㸧�

�ῧຍ⁐ฟヨ㦂ϩ㸦ᾘ▼⅊㸧ࣜ࢝ࣝ࢔����

� ࣭ᆅ୰ࢺ࣮ࣜࢡࣥࢥ࡟ᵓ㐀≀ࡀᵓ⠏ࠊࢀࡉᅵተࡀᾘ�

� � �᝿ᐃ㸦pH 12.7㸧ࢆᭀ㟢ࣜ࢝ࣝ࢔㧗ࡋ᥋ゐ࡟⅊▼

㸰㸬㸰㸬㸯� ᐇ㦂᪉ἲ�

� ୍⯡ⓗ࡟㛗ᮇ㛫ࡢᏳᐃᛶࢆホ౯ࡿࡍヨ㦂ϩ᳨ࠊࡶࡾࡼ

ドࡀከ࠸ヨ㦂Ϩࡢ᪉ἲࢆཧ⪃ࠊ࡟ୗグ᪉ἲ࡛ᐇ᪋ࠋࡓࡋ�

� ヨ㦂᪉ἲࡣ㸦�������㸧ྠ࡜ᵝࠊ࡟⎔ቃᇶ‽ࡢ ࠊ10

1000 ಸࡢᶍᨃởᰁỈࢆస〇ࠊࡋ▼⅊ỈὙࡢ࣮࢟ࢣ㔜㔠

ᒓ྾╔㔞ࢆ ᐃࡓࡋᚋࠊ㔜㔠ᒓࢆ྾╔ࡓࡋỈὙࢆ࣮࢟ࢣ

⣙ࠊࡣሙྜࡢ㓟Ᏻᐃᛶホ౯ࠊࡋ㐣ࢁ pH 2.8 ⁐㓟Ỉ◲ࡢ

ᾮࢆ 100ml ຍࣜ࢝ࣝ࢔ࡓࡲࠋࡓ࠼Ᏻᐃᛶࡢሙྜࠊࡣ⣙

pH 11.9 ࢆᾘ▼⅊Ỉ⁐ᾮࡢ 100ml ຍࡢࡇࠋࡓ࠼⁐ᾮࢆ᣺

ᨩᢾ㸦6࠺࡜ ᫬㛫ࠊẖศ⣙ 200 ᅇ㸧ࡓࡋᚋࠊ㐲ᚰỿ㝆ศ

㞳㸦ẖศ⣙ 3000 ᅇ㌿20ࠊ ศ㛫㸧ࡳ⃈ୖࠊࡋᾮࡢ㔜㔠ᒓ

⃰ᗘࢆ ᐃ࡚ࡋ⁐ฟ㔞ࢆồ࠾࡞ࠋࡓࡵホ౯ࡓࡋ㔜㔠ᒓࠊࡣ

྾╔ᛶࡀ㧗࠸ PbࠊCdࠊHgࠊAsࠊSe �ࠋࡓࡗ⾜࡛

�

㸱㸬⤖ᯝཬࡧ⪃ᐹ�

㸱㸬㸯� �㧗άᛶ໬ࡿࡼ࡟ไᚚࣥ࢜࢖࣒࢘ࢩࣝ࢝

㸱㸬㸯㸬㸯� ෆ㒊Ⓨ⏕ἲ�

㸱㸬㸯㸬㸯㸬㸯� ⁐ᾮᣲືࡢゎ᫂�

� ሷ㓟ࢆῧຍࡓࡋ㝿ࠊࡢpHࠊ㟁Ẽఏᑟᗘࡢᣲືࠊཬࡧ

Ca ⃰ᗘኚ໬ࢀࡒࢀࡑࠊࢆᅗ㸯ࠊᅗ㸰ࠊ⾲㸯ࠋࡍ♧࡟pH

⾪⦅࡞ᙉຊࡣ࡛࣮ࣜࣛࢫ࣮࢟ࢣỈὙࠊࡌ㏻ࢆ඲ῧຍ㔞ࡣ

ຠᯝ࡛ࠊpH 4ࠊ࡭ẚ࡜ࡳࡢ⵨␃Ỉࡀ ⛬㧗ࠋࡓࡋ♧ࢆ್࠸

㟁Ẽఏᑟ⋡1ࠊࡣg ῧຍ௨ୖ࡛ࠊࡣ⵨␃Ỉ࡜ẚࡀ್ࠊ࡭

኱ࡣࢀࡇࠋࡓࡗ࡞ࡃࡁሷ㓟ῧຍ࡚ࡗࡼ࡟ỈὙࡀ࣮࢟ࢣ⁐

ゎࠊࡋⓎ⏕ࡀࣥ࢜࢖✀ྛࡿࡍከࢀࡽ࠼⪄࡜ࡵࡓࡓࡗ࡞ࡃ

ࡢᾮ⁐ࡓࡲࠋࡿ Ca ⃰ᗘࢆィ ࠊࡀࡓࡋሷ㓟ῧຍ㔞࡟క

࡚ࡗ Ca ⃰ᗘࡀ኱ࡃࡁቑຍࡢࡽࢀࡇࠋࡓࡋ⤖ᯝࠊࡽ࠿ሷ

㓟ῧຍ࡛ỈὙࢆ࣮࢟ࢣ⁐ゎࠊ࡛࡜ࡇࡿࡍCa ቑࢆࣥ࢜࢖

ຍࡀ࡜ࡇࡿࡏࡉ☜ㄆ࡛ࠋࡓࡁ�

�

�

ᅗ㸯� 㹮㹆ࡢᣲື㸦ෆ㒊Ⓨ⏕ἲ㸧�

�

ᅗ㸰� 㟁Ẽఏᑟᗘࡢᣲື㸦ෆ㒊Ⓨ⏕ἲ㸧�

�

⾲㸯� 㹁㹟⃰ᗘኚ໬㸦ෆ㒊Ⓨ⏕ἲ㸧�

ሷ㓟ῧຍ㔞J� �� �� ����

Ca ⃰ᗘ�SSP�� ����� ����� �������

�

㸱㸬㸯㸬㸯㸬㸰� 㔜㔠ᒓ㢮ࡢ྾╔ᛶ�

� ෆ㒊Ⓨ⏕ἲࡿࡼ࡟㔜㔠ᒓࡢ྾╔ᛶኚ໬ࢆᅗ㸱㸫㸯㹼

㸱㸫㸳ࠋࡍ♧࡟ሷ㓟ῧຍ㔞ࡀ↓ῧຍ࡜ 0.1㹥࡛ࡣᴫࡡ྾

╔ഴྥࡢ࡝ࡣ㔜㔠ᒓࠊࡓࡲࠋࡓࡗ࠶࡛ࡌྠࡰ࡯ࡶ⎔ቃᇶ

ࡢ‽ 10 ಸ100ࠊ ಸࡢప࣭୰⃰ᗘ࡛ࠊࡣCr ࡜ B ሷ㓟ῧࡣ

ຍ 10㹥࡛ࡸࡸ྾╔㔞ࠋࡓࡗุࡀ࡜ࡇࡿࡍୖྥࡀ 

� ୍᪉⎔ቃᇶ‽ࡢ 1000 ಸ㸦B ࡽ࠿ไ⣙ࡢᶆ‽ヨᩱࡳࡢ

10 ಸ㸧⃰ࡢᗘ㡿ᇦ࡛ࡢ྾╔⋡ࠊࡀሷ㓟ῧຍ㔞࡟㛵ࡽࢃ

㧗⃰ᗘ᮲௳ୗࡢ㔜㔠ᒓࠊࡽ࠿࡜ࡇࡍ♧ࢆ್ࡢᗘ⛬ྠࠊࡎ

౫࡟㔜㔠ᒓ྾╔⬟ຊࡢ⣲ᮦࡿࡍ᭷ࡀయ⮬࣮࢟ࢣỈὙࡣ࡛
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