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䞮ᙝ⸵ኧᓕ≪ѣݿԁሲ䫷⢟〃╊਎φ⍔ሕ⍱ᙝ≝ф Fe(II)Ⲻӈ侾ᵰ࡬ 

傢⅘ᗹ 1,2θ哺ᆆݹ 1,2θ䜇ᮽㅇ 1,2θћ⁕ 1,2θץቅᓭ 1,2θ᱉ㆧ㆖ 1,2θߥᱛ঄ 1,2,*θސᘍ 1,2 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ510006 

2
ᐕъ㚊䳶४⊑ḃ᧗ࡦо⭏ᘱ؞༽ᮉ㛢䜘䟽⛩ᇎ傼ᇔˈᒯᐎˈ510006 

*Email: chfeng@scut.edu.cn 

 

䞨ᙗⸯኡᓏ≤˄Acid Mine DrainageˈAMD˅ѝਜ਼ᴹ儈⎃ᓖӊ䫱⿫ᆀ઼⺛䞨ⴀˈ൘㠚❦ⸯॆ֌⭘лՊӗ

⭏བྷ䟿ᯭ∿ⸯ⢙ˈަѝ⭏⢙ⸯॆ㻛䇔ѪঐѫሬൠսǄ❦㘼ˈ㠚❦⭼ѝⲴݹ➗઼ⓦ䀓≗ㅹ䶎⭏⢙ഐ㍐ӖՊሬ

㠤ᕪ≗ॆᙗ⢙䍘˄ྲ•OHǃO2•�઼ H2O2˅ӗ⭏ˈ䘋㘼׳䘋 AMD ѝ䫱ݳ㍐Ⲵⸯॆ䗷〻ǄѪ᧒㍒䶎⭏⢙ഐ㍐ሩ

䫱ݳ㍐ⸯॆⲴ֌⭘ ⹄̍ウ䙊䗷ᶴᔪॆݹᆖ≗ॆⸯॆॿ਼৽ᓄփ㌫ 㘳̍ሏݹ➗ᶑԦл AMD ѝ Fe(II)䖜ॆ䗷〻ˈ

ᇎ傼ਁ⧠ݹ➗ᶑԦлᖒᡀⲴⸯ⢙оᇎ䱵ⸯ४ᓏ≤⊹〟⢙ާᴹ㊫լⲴĀ⎧㛶⣦āᖒ䊼㔃ᶴԕ৺⴨䘁Ⲵ∄㺘䶒

〟ǄѪҶ␡ޕ䱀䟺䶎⭏⢙ⸯॆᵪ⨶ˈ㔃ਸ⭥ᆀ亪⻱ޡᥟ䉡˄Electron spin resonanceˈEPR ǃ˅᧒䪸઼᧙㭭ᇎ

傼䇱᰾Ҷ Fe(II)ॆݹᆖ≗ॆ䗷〻ѝѫ㾱ᆈ൘Ⲵ⍫ᙗ≗⢙⿽Ѫ•OHˈݹ➗ᶑԦл Fe(II)≗ॆ⦷ਟ䗮~ 40%ˈ䲿⵰

Fe2+⎃ᓖӾ 0mM ॷ儈㠣 5mMˈ•OH Ⲵӗ⭏䟿Ӿ~ ��ȝM ᨀ儈㠣~ ���ȝMˈ䇱᰾аᯩ䶒•OH 㜭ཏ䈡ሬ Fe(II)
≗ॆˈਖаᯩ䶒 Fe(II)Ⲵᆈ൘ҏՊ׳䘋•OH ⭏ᡀˈ᨝⽪Ҷ AMD ѝ•OH ӗ⭏઼ Fe(II)≗ॆⲴӂ侸ᵪࡦǄ㠚❦

ᶑԦлվ㔃Ღᓖᯭ∿ⸯ⢙Պ䙀⑀䖜ॆѪᴤっᇊⲴ䫱ⸯ⢙ˈᢛ᧿⭥ᆀᱮᗞ䮌˄Scanning electron microscopeˈ
SEM ǃ˅X ሴ㓯ݹ⭥ᆀ㜭䉡˄X-ray photoelectron spectroscopyˈXPS˅઼ぶᯟ๑ቄ䉡˄Mössbauer spectrum˅

ㅹ㺘ᖱ᡻⇥䇱᰾ॆݹᆖⸯॆᗇࡠⲴᯭ∿ⸯ⢙оⸯ४⊹〟⢙൘䞨ᙗ˄ pH=3 ᶑ˅Ԧл㘱ॆ 60 ཙਾ൷䜘࠶䖜ॆѪ

䪸䫱ⸯˈ㘼Ր㔏 H2O2 ⌅ਸᡀⲴᯭ∿ⸯ⢙൘਼ㅹᰦ䰤޵ᵚਁ⭏䖜ॆǄ⹄ウ㔃᷌᨝⽪Ҷ㠚❦ᶑԦлᖡ૽ᯭ∿ⸯ

⢙ᖒᡀнਟᘭ㿶Ⲵ䶎⭏⢙ഐ㍐ˈ䱀᰾Ҷݹӻሬ⭏ᡀⲴ⍫ᙗ≗о Fe(II)Ⲵ֌⭘ᵪ⨶ˈѪ⨶䀓 AMD ѝ䫱⢙⿽╄

ਈ䗷〻ᨀ׋⨶䇪ส⹰Ǆ 
 

 

ީ䭤䈃˖ॆݹᆖ˗⍫ᙗ≗⢙⿽˗ᯭ∿ⸯ⢙˗ӂ侸ᵪࡦ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇॰ต᯦ࡑ㚊ਾ䠃⛯亯ⴤφ⍱ᙝ⢟〃ԁሲ䞮ᙝ⸵ኧᓕ≪ѣ⊗ḉ⢟ᇐ

ੇ䖢〱ф䍺Ⓠौ(No.U21A2034) 
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Cd 㛷䘡с AMF ᐤᔸᙝ䈹᧝њѠ૷〃⦿㊩ṯ㌱ᙝ⣬ф Cd ㍥〥 

䱾ి⅙ 1θ⧁⼀ 1θặ᯦❬ 1θᶄঐ 1θ֋≮㗄 1θ⒑ᯯṁ 1,* 
1 Ӂইߌъབྷᆖ䍴Ⓚо⧟ຳᆖ䲒ˈӁইᰶ᰾ˈ650201 

*Email: zfd97@ynau.edu.cn 

 

ы᷍㧼ṩⵏ㧼˄Arbuscular mycorrhizal fungiˈAMF˅ᱟа㊫ᇊ⇆ҾἽ⢙ṩ䜘Ⲵޡ⭏㧼ˈնަሩн਼૱

⿽֌⢙ṩ㌫ᙗ⣦оἽṚ䭹˄Cd˅㍟〟ᴹօᖡ૽ˈቊн␵ᾊǄ䟷⭘ӁইՊ⌭䫵䬼ⸯ४ Cd ⊑ḃⲴߌ⭠൏༔ˈԕ

Cd 儈㍟〟˄ⴈ⦹ 3 ਧ˅઼վ㍟〟˄䐟অ 8 ਧ˅Ⲵєњ૱⿽⦹㊣ѪᇯѫἽ⢙ˈ⹄ウ᧕⿽ AMF ሩ⳶ṭ⦹㊣⭏

䮯ǃṩ㌫ᙗ⣦ǃ޵Ⓚ◰㍐ਜ਼䟿оἽṚ Cd ㍟〟Ⲵᖡ૽ˈ᷀࠶⦹㊣ሩ AMF Ⲵ㔬ਸ૽ᓄᤷᮠǄ㔃᷌㺘᰾˖᧕⿽

AMF ൷׳䘋єњ૱⿽⦹㊣⭏䮯ˈ᭩ழṩ㌫ᖒᘱˈ໎࣐ṩ㌫޵Ⓚ◰㍐ǃᵘ䍘㍐ਜ਼䟿о Cd ㍟〟䟿ˈަѝˈⴈ

⦹ 3 ਧ⦹㊣ṩ㌫᷍࠶ᮠǃ㝡㩭䞨ǃᵘ䍘㍐ਜ਼䟿઼ Cd ㍟〟䟿࣐໎࡛࠶ 29%ǃ140%ǃ100%઼ 85%ˈ䐟অ 8 ਧ

⦹㊣ṩ㌫ᒣ൷ⴤᖴǃ⭏䮯㍐ǃᵘ䍘㍐ਜ਼䟿઼ Cd ㍟〟䟿࣐໎࡛࠶ 32%ǃ31%ǃ42%઼ 137%Ǆⴈ⦹ 3 ਧ઼䐟

অ 8 ਧሩ AMF Ⲵ㔬ਸ૽ᓄᤷᮠ࡛࠶Ѫ 603%઼ 221%ˈф⦹㊣ṩ㌫ Cd ㍟〟䟿оṩᒣ൷ⴤᖴǃ㝡㩭䞨ਜ਼䟿੸

ᶱᱮ㪇↓⴨ޣǄਟ㿱ˈCd 㛱䘛л AMF ᐞᔲᙗ䈳᧗єњ૱⿽⦹㊣ṩ㌫ᙗ⣦о Cd ㍟〟ˈሬ㠤 Cd 儈㍟〟⦹㊣

ṩ㌫࠶᭟ᮠ໎࣐ǃ㘼վ㍟〟⦹㊣ṩ㌫ᒣ൷ⴤᖴ໎࣐ˈᒦоṩ㌫޵Ⓚ◰㍐ਜ਼䟿ᇶ࠷⴨ޣǄ 
 

ީ䭤䈃˖Ӿ᷍㧼ṩⵏ㧼˄AMF˅̠ ⦹㊣૱⿽˗ṩ㌫ᙗ⣦˗ṩ㌫޵Ⓚ◰㍐˗䭹˄Cd˅ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇δNo.42177381εχӇ঍ⴷѣ䶈ᒪᆜᵥૂᢶᵥᑜཪӰ੄༽Ӱᢃฯޱ

亯ⴤδNo.202005AC160038εȾ 
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䶔䶬ੇԙ䉘㓺ᆜૂ 16s rDNA ⭞ӄ⹊ガ䫶㛷䘡                     

ሯ唇哜㥿ṯ䱻ૂ䶔ṯ䱻ൕ༚Ⲻᖧଃ 

⧁㢰䵌 1θㄯᮽක 1,* 
1 㾯ই、ᢰབྷᆖˈ㔥䱣ˈ621010 

*Email: zhuwenkun@swust.edu.cn 

 

䫰ⸯᔰ䟷֯ઘത൏༔нਟ䚯ݽⲴ䚝ਇ᭮ሴᙗṨ㍐䫰Ⲵ⊑ḃˈӾ㘼ሩ⭏ᘱ⧟ຳ઼Ӫփڕᓧᶴᡀ▌൘ေ㛱Ǆ

ഐ↔ˈդ䲿⵰ѝഭབྷ䜘࠶ൠ४Ⲵ᭮ሴᙗṨ㍐⊑ḃ൏༔ᰕ⳺ѕ䟽Ⲵ䰞仈ˈ൏༔⊑ḃ؞༽ᡀѪᡁഭ⭊㠣ޘ⨳ᖃ

лⲴ⹄ウ✝⛩ѻаǄⴞࡽˈ䪸ሩ൏༔⧟ຳ⊑ḃᴹཊ⿽؞༽ᯩᔿˈ᤹؞༽ᯩᔿ࠶㊫ਟԕ࠶Ѫ⢙⨶؞༽ǃॆᆖ

༼؞ᡀᵜվǃ᱃ᇎᯭǃ⧟ຳ৻ྭˈ䘲ਸ༼؞Ⲵᯩ⌅ѝˈ⭏⢙༼؞Ǆ൘਴⿽൏༔༼؞㚄ਸ઼༼؞ǃ⭏⢙༼؞

⊑ḃ䶒〟བྷǃ⊑ḃ〻ᓖվⲴ㺘䶒൏༔Ǆᡰԕˈ⭏⢙؞༽ᢰᵟ㻛儈ᓖ䟽㿶ˈ䇔Ѫᆳᱟа⿽ᖸᴹࡽ䙄Ⲵ᭮ሴᙗ

⊑ḃ൏༔؞༽ᢰᵟǄ 
䙊䗷᷀࠶൏༔䞦⍫ᙗǃ䶎䶦ੁԓ䉒㓴ᆖ઼ᗞ⭏⢙㗔㩭㔃ᶴ઼࣏㜭Ⲵਈॆ ൘̍ᱟ੖⿽Ἵ唁哖㥹ⲴᶑԦлˈ

䇴ՠ䫰㛱䘛ሩṩ䱵൏༔઼䶎ṩ䱵൏༔Ⲵн਼ᖡ૽Ǆ㔃᷌㺘᰾ˈ䫰⊑ḃ䱽վҶ൏༔㝢䞦઼㭇㌆䞦Ⲵ⍫ᙗˈሩ

䶎ṩ䱵൏༔Ⲵᣁࡦ〻ᓖᴤབྷǄ䶎䶦ੁԓ䉒㓴ᆖ᷀࠶㺘᰾ˈ䫰㛱䘛׳䘋Ҷ䎔䴹㍐ A1 Ⲵӗ⭏Ǆ䫰㛱䘛лˈо䶎

ṩ䱵൏༔⴨∄ˈṩ䱵൏༔ѝᴤཊⲴԓ䉒ӗ⢙ᗇࡠк䈳ˈ׳䘋֌⭘ᴤ᰾ᱮǄ16s rDNA ቁ߿㺘᰾ˈ䫰㛱䘛᷀࠶

Ҷ൏༔ѝᗞ⭏⢙Ⲵᮠ䟿ˈ൘䶎ṩ䱵൏༔ѝާᴹᴤᱮ㪇Ⲵᖡ૽Ǆ䫰㛱䘛лˈо䶎ṩ䱵൏༔Ⲵԓ䉒઼ᗞ⭏⢙㖁

㔌മ⴨∄ ṩ̍䱵൏༔Ⲵ㖁㔌മᴤㆰঅǄ㔃᷌㺘᰾ ṩ̍䱵൏༔ਇ䫰⊑ḃⲴᖡ૽䖳ሿǄ↔ཆ ൘̍ṩ䱵ѝ C̍hujaibacter
ᱟа⿽ѫ㾱оԓ䉒⢙⴨ޣⲴᗞ⭏⢙ˈᱮ⽪ࠪ↓⴨ޣਈॆǄഐ↔ˈ↻։䫰ᖡ૽Ҷ൏༔ѝᗞ⭏⢙㗔㩭㔃ᶴⲴԓ

䉒䗷〻ˈṩ䱵൏༔∄䶎ṩ䱵൏༔ᴤっᇊǄ⹄ウ㔃᷌ਟѪ䫰⊑ḃ൏༔Ⲵ؞༽ᵪࡦᨀ׋৲㘳Ǆ 
 

 
മ. 1 RDA ᨝⽪Ҷ൏༔䞦⍫ᙗо൏༔ԓ䉒˄A-C˅ѻ䰤Ⲵޣ㌫Ǆ൏༔ѝн਼ᗞ⭏⢙㗔઼н਼ԓ䉒⢙Ⲵޡ⭏㖁㔌˄D-F Ǆ˅ 

 

ީ䭤䈃˖䫰˗唁哖㥹˗ԓ䉒㓴ᆖ˗ᗞ⭏⢙㗔㩭 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇 (No. 21976147ૂ No. 21902130) 
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уੂ pH ᶗԬсⲺ੡䠃䠇ኔᓕ≪༺⨼ᐛ㢰䘿᤟φ⺡䞮ⴆ䘎৕⌋ or ঋ䍞

⺡䘎৕⌋ϋ 

䜣ᇬ঄ 1θ⊕ጦ 1,* 
1 ᒯьⴱ⧟ຳ⊑ḃ᧗ࡦо؞༽ᢰᵟ䟽⛩ᇎ傼ᇔ / ѝኡབྷᆖ⧟ຳ、ᆖоᐕ〻ᆖ䲒ˈᒯь ᒯᐎ 510275 

*Email: jiangf58@mail.sysu.edu.cn 

 

⭏⢙⺛䘈৏ᐕ㢪˄वᤜ⺛䞨ⴀ䘈৏⌅઼অ䍘⺛䘈৏⌅˅ᱟާᴹ੨ᕅ࣋Ⲵਜ਼䠁኎ᓏ≤༴⨶ᐕ㢪Ǆ❦㘼ˈ

ਜ਼䠁኎ᓏ≤Ⲵ䞨㛱䘛Պᖡ૽ᐕ㢪Ⲵӗ⺛ᙗ㜭઼ᗞ⭏⢙㗔㩭 䘋̍㘼ࡺᕡᐕ㢪Ⲵっᇊᙗǃ༴⨶᭸⦷઼ᡀᵜ᭸⳺Ǆ

൘ᵜ⹄ウѝˈ֯⭘⺛䞨ⴀ䘈৏⭏⢙৽ᓄಘ઼অ䍘⺛䘈৏⭏⢙৽ᓄಘ䘋㹼Ҷ䮯ઘᵏ䈅傼ˈԕ䇴ՠ䞨ᓖሩ⺛䘈

৏ᐕ㢪ӗ⺛ᙗ㜭઼ᗞ⭏⢙㗔㩭Ⲵᖡ૽Ǆ൘䮯䗮300ཙⲴ䈅傼ѝˈ䲿⵰䘋≤pH٬Ӿ᧕䘁ѝᙗ˄pH=6.5˅䱽վࡠ

䞨ᙗ˄pH=3.5˅̍ ⺛䞨ⴀ䘈৏⌅Ⲵӗ⺛ᙗ㜭䙀↕ᨀ儈ˈфᗞ⭏⢙㗔㩭؍ᤱっᇊǄ⴨∄ѻлঅ䍘⺛䘈৏⌅൘ѝ

ᙗᶑԦлᇎ⧠Ҷվᡀᵜ儈᭸⦷⭏⺛ˈն൘䞨ᙗᶑԦлӗ⺛ᙗ㜭㻛ᣁࡦфнっᇊǄᇎ傼㔃᷌㺘᰾ˈ䲿⵰䘋≤

pH٬䙀⑀л䱽 ⺛̍䞨ⴀ䘈৏⌅Ⲵӗ⺛⦷Ӿ30 mg S/L-h໎࣐83ࡠ mg S/L-h 㘼̠অ䍘⺛䘈৏⌅Ⲵӗ⺛⦷Ӿ56 mg 
S/L-hл䱽37ࡠ mg S/L-hǄᇎ傼㔃᷌о✝࣋ᆖ䇑㇇㔃᷌а㠤ˈণ⺛䘈৏䘈৏⌅൘pH<5ᰦਟ㜭㧧ᗇᴤཊ㜭䟿ˈ

㘼অ䍘⺛⌅൘pH 5-7㺘⧠ࠪᴤྭⲴᙗ㜭Ǆ⺛䞨ⴀ䘈৏⌅っᇊⲴӗ⺛ᙗ㜭઼ᗞ⭏⢙㗔㩭㓴ᡀਟᖂഐҾ⺛䞨ⴀ䘈

৏䗷〻ӗ⭏⻡ᓖˈਟᇎ⧠䞨ᓖѝ઼Ǆ⴨∄ѻлˈঅ䍘⺛䘈৏⌅Ⲵᗞ⭏⢙㗔㩭൘䞨㛱䘛лਁ⭏Ҷᱮ㪇᭩ਈˈ

ѝᙗpHᶑԦлѫ㾱ӗ⺛㓶㧼ѪDesulfovibrioˈᖃpHİ5.4ᰦѫ㾱ӗ⺛㓶㧼䖜ਈѪDesulfurellaǄᗞ⭏⢙㗔㩭Ⲵ

っᇊᙗᱮ㪇ᖡ૽⺛䘈৏ᐕ㢪Ⲵӗ⺛᭸⦷઼ᡀᵜǄն䴰㾱ᤷࠪⲴᱟˈণ֯൘䞨ᙗᶑԦлঅ䍘⺛䘈৏⌅⭏ӗㅹ

䟿⺛ॆ⢙ᡰ䴰Ⲵᴹᵪ⻣⎸㙇䟿ӽվҾ⺛䞨ⴀ䘈৏⌅ˈ䈤᰾ަާᴹ㢟ྭⲴ⻣Ⓚᣅ࣐ᡀᵜՈ࣯ǄᙫⲴᶕ䈤ˈᵜ

⹄ウ㔃᷌㺘᰾অ䍘⺛䘈৏⌅䘲⭘Ҿѝᙗᡆᕡ䞨ᙗᶑԦˈ㘼⺛䞨ⴀ䘈৏⌅ᴤ䘲⭘Ҿ䞨ᙗpHᶑԦǄᵜ⹄ウ᧒ウ

Ҷн਼pHᶑԦл⺛䞨ⴀ䘈৏⌅઼অ䍘⺛䘈৏⌅Ⲵ䮯ᵏᙗ㜭ˈѪਜ਼䠁኎ᓏ≤Ⲵ༴⨶ᐕ㢪䘹ᤙᨀ׋ҶᤷሬǄ 
 

 
മ. 1 н਼pHᶑԦлⲴਜ਼䟽䠁኎ᓏ≤༴⨶ᐕ㢪䘹ᤙㆆ⮕ 

 

ީ䭤䈃˖䞨ᙗⸯኡᓏ≤˗⭏⢙ӗ⺛ᐕ㢪˗⺛䞨ⴀ䘈৏㧼˗⺛䞨ⴀ䘈৏㧼˗䟽䠁኎㝡䲔 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇δ51978289ૂ51638005ε 

 
  

mailto:jiangf58@mail.sysu.edu.cn
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㥿䞮ԁሲс੡ Cr(III)᯳≅⸵⢟Ⲻݿ䘎৕⓬䀙ᵰ⨼਀ݹ㍖࠼ᐹ  

 

  

တ䉜 1θ䜣ᾐ⧨ 1,*θސᘍ 1,* 
1 ॾই⨶ᐕབྷᆖˈᒯьⴱᒯᐎᐲ⮚⿪४བྷᆖ෾ཆ⧟ь䐟 382 ਧˈ510006 

*Email: chzdang@scut.edu.cn; clguo@scut.edu.cn 

ᯭ∿ⸯ⢙֌Ѫ䞨ᙗⸯኡᓏ≤(AMD)⊑ḃ४ฏⲴިර⅑⭏ⸯ⢙ˈަ䖳བྷ∄㺘䶒〟ǃ੨䱴ս⛩ཊˈ᱃ӗ⭏

਼Ღᴯԓ઼ޡ⊹⏰⧠䊑ˈሩ⊑ḃ≤փѝⲴ䟽䠁኎ㅹ∂ᇣݳ㍐ᴹ䖳ᕪⲴᶏ㕊㜭࣋Ǆն䈕ⸯ⢙㔃Ღᓖվˈっᇊ

ᙗᐞˈ᱃ਇ≤փ⧟ຳ઼ཆ⭼ᶑԦ(ྲpHǃᴹᵪ䍘ǃݹ➗ㅹ)ᖡ૽ˈሬ㠤ⸯ⴨ⓦ䀓䖜ਈ[1]ˈӾ㘼ሩ∂ᇣݳ㍐Ⲵൠ

⨳ॆᆖ㹼Ѫӗ⭏䟽㾱ᖡ૽Ǆ㥹䞨ᱟཙ❦ᴹᵪ䍘ѝᆈ൘ᴰѪᒯ⌋Ⲵа㊫ˈਟо䫱ᖒᡀᕪ㔌ਸ⢙ˈާᴹ䖳ᕪⲴ

ᝏݹᙗˈ൘ݹ➗лˈՊӗ⭏ཊ⿽⍫ᙗ⢙䍘ᖡ૽ⸯ⢙っᇊᙗǄ 
ᵜ⹄ウԕਜ਼Crᯭ∿ⸯ⢙֌Ѫ⹄ウሩ䊑ˈ᧒ウҶ㥹䞨൘UVAݹ➗лሩᯭ∿ⸯ⢙ⓦ䀓䖜ॆ䗷〻৺ަ⴨ਈӗ

⢙Ǆᇎ傼⹄ウҶн਼䫱⻣∄৽ᓄѝˈᯭ∿ⸯ⢙Ⲵ⴨䖜ਈ䐟ᖴǃӗ⢙৺ަሩݳ㍐࠶ᐳⲴᖡ૽Ǆᵜᇎ傼㔃᷌㺘

᰾ˈᰐ≗ᶑԦ㓴о儈pH㓴ѝˈᯭ∿ⸯ⢙ᴤ᱃Ҿਁ⭏⴨䖜ਈǄ䙊䗷৏ս㓒ཆⲴ᡻⇥ˈ᧒ウҶപ⏢⭼䶒৽ᓄˈ

㥹䞨൘ⸯ⢙㺘䶒ᖒᡀৼ喯অṨ㔌ਸ⢙ˈ൘ᔰ੟ݹ➗ਾˈަ䙊䗷䝽փࡠ䠁኎Ⲵ⭥㦧䖜〫(LMCT)䗵䙏ਁ⭏ݹ䘈

৏৽ᓄˈሶFe(III)䘈৏ѪFe(II)ˈ⭏ᡀⲴFe(II)੨䱴൘ⸯ⢙㺘䶒׳䘋ⸯ⢙ⓦ䀓ˈ਼ᰦˈ䙊䗷⭥ᆀ亪⻱ޡᥟ(EPR)
Ự⍻ˈਟԕਁ⧠৽ᓄ䗷〻ѝӗ⭏Ⲵ

·OHоCO2
·-ˈަՊ⎸㙇ⓦ⏢ѝⲴH+ˈ֯փ㌫ѝpHॷ儈˗൘ⓦ⏢⴨ѝˈᡁ

Ԝ䙊䗷䎵儈᭸⏢⴨㢢䉡㚄ਸ⭥ᝏㅹ⿫ᆀ䍘䉡(UPLC-EIS)ަࠪ᷀࠶ѝਜ਼ᴹFe(C2O4)2-㔌ਸ⢙ˈ൘ݹ➗ᶑԦлˈ

਼ṧՊਁ⭏ݹ䘈৏৽ᓄ ഐ̍↔ݹ䘈৏৽ᓄнӵՊਁ⭏൘ⸯ⢙㺘䶒׳䘋ⓦ䀓 䘈̍Պ൘ⓦ⏢ѝǄ䙊䗷XRDǃSEMǃ

Cs-STEMㅹ㺘ᖱˈਁ⧠ᴹ䪸䫱ⸯ/㥹䞨䫱ⸯ⭏ᡀˈ䘉ѫ㾱ᱟ⭡ҾҼԧ䫱੨䱴൘ᯭ∿ⸯ⢙㺘䶒ˈ䙊䗷⭥ᆀ䖜〫

о৏ᆀӔᦒ㘼ᖒᡀⲴǄ䲿⵰䫱⻣∄Ⲵ䱽վˈݹ䘈৏৽ᓄѫ㾱ਁ⭏൘ⓦ⏢ѝˈф䙊䗷ሩപփӗ⢙㺘ᖱਁ⧠䗷

䟿㥹䞨оFe(II)৽ᓄ⭏ᡀ⊹⏰—㥹䞨䫱ⸯǄ 
ሩҾ䟽䠁኎Cr઼Cݳ㍐Ⲵᖒᘱо࠶ᐳˈᡁԜ䙊䗷⨳ᐞ⭥䮌઼Cr-K䗩਼↕䗀ሴⲴ㺘ᖱ䘋㹼᷀࠶(മ1)Ǆ൘

ԕ䪸䫱ⸯѪѫ㾱৽ᓄӗ⢙Ⲵ৽ᓄѝˈCrᴤཊԕ↻⑓ᘱᆈ൘ C̍ԕਟᨀਆᘱᆈ൘Ҿⸯ⢙㺘䶒˗㘼ᖃԕ㥹䞨䫱ⸯ

Ѫѫ㾱৽ᓄӗ⢙ᰦˈCrᴤཊԕਟӔᦒᘱᆈ൘ˈCѫ㾱ԕ↻⑓ᘱᆈ൘Ҿⸯ⢙޵䜘Ǆᴰ㓸ӗ⢙Crѫ㾱ԕCr(IV)઼
Cr(VI)ԧᘱᆈ൘ˈ਼ᰦᖒᡀҶCrO2പփ⊹⏰Ǆ 

ᵜ⹄ウ䈤᰾Ҷ൘AMD⧟ຳѝˈᆈ൘⵰㥹䞨оݹॿ਼֌⭘лᯭ∿ⸯ⢙Ⲵ䘈৏ⓦ䀓ˈ᨝⽪Ҷн਼⎃ᓖ㥹䞨

䘈৏ⓦ䀓оᲦ⴨ݹ㍐ᖂ傡ˈᴹࣙҾ䇔䇶ᴹᵪ䍘ӻሬлⲴ䫱⺛䞨ⴀ⅑⭏ⸯ⢙ݳᇊᯭ∿ⸯ⢙Ⲵ䖜ॆӗ⢙৺ަߣ

䖜ਈǄ 

              
മ1. ᐖ.⨳ᐞ⭥䮌㓯ᢛമ ਣ.Cr K䗩XANES䉡മ

ީ䭤䈃˖ݹ䘈৏ˈ৏ս㓒ཆˈ⨳ᐞ⭥䮌ˈҼ⅑ⸯ⢙ˈݳ㍐࠶ᐳ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇ള䱻ਾ֒фӚ⍷亯ⴤδNo.417204004ε 

৸㘹ᮽ⥤ 
[1] Carlson L, et al. Scavenging of As from acid mine drainage by schwertmannite and ferrihydrite: a comparison with 

synthetic analogues. Environ Sci Technol, 2002, 36(8): 1712-1719. 
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ք〥㍥⦿㊩ф㣧⭕䰪֒ؤགྷ⹭⊗ḉൕ༚Ⲻᆿ࡟ޞ⭞᭾ᓊфᵰ࡬ 

ᶄ䬬䈍 1θ唄঄ስ 1,* 
1 ॾইߌъབྷᆖ䍴Ⓚ⧟ຳᆖ䲒ˈᒯᐎˈ510642 

*Email: lihuashou@scau.edu.cn 

 
ѪҶ、ᆖ䇴ՠ൏༔⹧⊑ḃ൏༔⿽ἽⲴ⦹㊣ǃ㣡⭏⹧䎵ḷ仾䲙ˈՈॆѝ䖫ᓖ⹧⊑ḃߌ⭠Ⲵ⿽Ἵփ㌫ˈᇎ

⧠䗩⭏ӗ䗩؞༽ˈᵜ⹄ウ䇮㖞վ〟㍟⦹㊣অ֌(M)ǃ㣡⭏অ֌(P)઼⦹㊣о㣡⭏н਼䐍⿫䰤֌༴⨶˄࡛࠶䰤䐍

Ѫ0.2mǃ0.35m઼0.5mˈ䇠ѪMP0.2ǃMP0.35઼MP0.5˅̍ ᧒䇘Ҷ⦹㊣о㣡⭏䰤֌Ⲵӗ䟿ǃ⹧ਜ਼䟿઼൏༔ᙗ䍘

ㅹਈॆǄ㔃᷌㺘᰾˖оঅ֌⴨∄ˈMP0.35༴⨶Ⲵ㣡⭏ӗ䟿ᨀ儈Ҷ39.95%ˈ䰤֌༴⨶Ⲵ൏ൠᖃ䟿∄˄LER˅
઼䟽䠁኎৫䲔ᖃ䟿∄˄MERE˅൷བྷҾ1ˈަѝMP0.35༴⨶ⲴLERǃMERE઼ᇼ䳶䟿ᴰབྷˈ䈤᰾䈕䰤֌༴⨶

ާᴹ⹧৫䲔؞༽Ո࣯Ǆ䰤֌༴⨶ѝⲴ⦹㊣㊭㋂઼㣡⭏㜲䍘ѝⲴ⹧ਜ਼䟿ᱮ㪇л䱽ˈվҾᡁഭ伏૱ᆹޘḷ߶Ǆ

MP0.2Ⲵᇼ䳶㌫ᮠ઼䖜〫㌫ᮠ࡛࠶ᨀ儈Ҷ117.95%઼16.89%ˈ䈤᰾⦹㊣о㣡⭏Ⲵṩ㌫ӂ֌Պᖡ૽֌⢙ሩ൏༔

ѝ⹧Ⲵ੨᭦о㍟〟Ǆ䰤֌֯ᗇ൏༔pH⮕ᗞ䱽վˈEhॷ儈ˈ⦹㊣ṩ䱵൏༔Ⲵᴹ᭸ᘱ⹧ਜ਼䟿кॷˈ㣡⭏ṩ䱵൏

༔Ⲵᴹ᭸ᘱ⹧ਜ਼䟿⮕ᗞл䱽ˈਟ㜭ᱟ䰤֌ᖡ૽Ҷߌ֌⢙ሩ⹧Ⲵㄎҹ੨᭦Ǆਖཆˈ䰤֌⦹㊣Ⲵṩ㌫㺘䶒〟ǃ

ᙫṩ䮯઼ṩ䱵൏༔ᴹᵪ䍘ਜ਼䟿ᱮ㪇໎࣐ˈ㭇㌆䞦઼⼧䞨䞦⍫ᙗᱮ㪇ᨀ儈Ǆ㔬ਸ㘳㲁ԕкᤷḷˈ䈤᰾⦹㊣о

㣡⭏䰤֌ᴹ࡙Ҿ䱽վਟ伏⭘䜘࠶Ⲵ⹧ਜ਼䟿ˈLER઼MERE൷བྷҾ1ˈ䘲ᇌⲴ⿽Ἵ䐍⿫ਟᨀ儈֌⢙ሩ⹧Ⲵᇼ䳶

䟿ˈࡍ↕䇪䇱Ҷ䈕䰤֌փ㌫ᇎ⧠䗩⭏ӗ䗩؞༽⹧⊑ḃߌ⭠Ⲵਟ㹼ᙗǄ 
 

ީ䭤䈃˖⹧˗ߌ⭠˗⦹㊣˗㣡⭏˗䰤֌ 

䍺ࣟ亯ⴤφഭᇦ䟽⛩⹄ਁ䇑ࡂ亩ⴞ (No.2020YFC1807805) 

৸㘹ᮽ⥤ 
[1] Vergara Cid, Carolina, et al. Effects of co-cropping on soybean growth and stress response in lead-polluted soils. 

Chemosphere, 2020, 246: 125833. 
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儎㓝≝ौཐݹঅੂ䲃䀙ḉᯏᓕ≪ᢶᵥ⹊ガ 

ઞьᒩ 1θ㪙ਇच 1,* 
1 㾯ই、ᢰབྷᆖˈഋᐍⴱ㔥䱣ᐲ⏚෾४䶂嗉བྷ䚃ѝ⇥ 59 ਧˈ621010 

*Email: fqdong@swust.edu.cn 

 

ঠḃᓏ≤ާᴹ≤䟿བྷǃᴹᵪ⢙ਜ਼䟿儈ǃᡀԭ༽ᵲǃ⭏⢙䳮䱽䀓ㅹ⢩⛩ˈঠḃᓏ≤༴⨶ᢰᵟаⴤᱟц⭼

਴ഭ⹄ウⲴ䟽⛩䈮仈Ǆվ⑙ㅹ⿫ᆀփᢰᵟ֌Ѫа⿽ᯠර儈㓗≗ॆᢰᵟˈ䳶㠝≗≗ॆǃᗞ⌒䗀ሴǃ㍛ཆ䗀ሴ

৺✝䀓ㅹ᭸ᓄҾаփˈާᴹ༴⨶᭸᷌ྭǃᰐ䘹ᤙᙗǃᰐ䴰␫࣐ॆᆖ㦟ࡲфਟԕ൘ᑨ⑙ᑨ঻лᇎ⧠᫽֌ㅹՈ

࣯ˈਇࡠ⹄ウ㘵Ⲵᒯ⌋ޣ⌘৺䶂ⶀˈഐ㘼൘䘁ࠐॱᒤᗇࡠҶ䮯䏣ⲴਁኅǄ਼ᰦˈ⭥㣜亯⌅ᱟ䘁ᒤᶕ䖳ਇ⅒

䗾Ⲵа⿽儈㓗≗ॆᐕ㢪ˈަᡀᵜվˈ༴⨶᭸⦷儈Ǆ 
˄1˅ᵜ᮷࡙⭘儈঻㓣。㜹ߢ⭥Ⓚ◰ਁৼӻ䍘䱫ᥑ᭮⭥˄DBD˅ㅹ⿫ᆀփ༴⨶ḃᯉⓦ⏢ˈᖃৼ DBD 㻵

㖞ᰐ仾ߧф䴮ॆ䟿=0.8ˈ⭥঻=34kVˈ⭥ሬ⦷ ����ȝsˈpH ٬=6.78 ᰦˈH2O2 ӗ䟿䗮ࡠᴰབྷ 12.7162mg/h˗
㘼ᖃৼDBD㻵㖞仾ߧф䴮ॆ䟿Ѫ 0.2 ⭥̍঻Ѫ 34kV ⭥̍ሬ⦷Ѫ ����ȝs p̍H٬Ѫ 10ᰦ 㠝̍≗ӗ䟿儈䗮 2.8510g/hǄ 

˄2 ৼ˅ DBD ㅹ⿫ᆀփ≤༴⨶ṧᵪ࡛࠶䱽䀓Ҷ 30mg/L ӊ⭢ส㬍о 60mg/L 䞨ᙗ૱㓒ⓦ⏢ 䇘̍Ҷৼ DBD
≤༴⨶㻵㖞൘н਼䴮ॆ䟿ǃ⭥঻ǃ⭥ሬ⦷ǃpH ٬ᶑԦл䞨ᙗ૱㓒ⓦ⏢Ⲵ㝡㢢⦷ˈᗇࠪҶᴰ֣㝡㢢ᶑԦǄ㔃

᷌㺘᰾˖ᖃ䴮ॆ䟿=0.4ˈ⭥঻=34 kVˈ⭥ሬ⦷ �ȝsˈpH ٬=6.78ˈৼ DBD 㻵㖞仾ߧᰦˈ䞨ᙗ૱㓒ⓦ⏢Ⲵ㝡

㢢⦷䗮ࡠᴰབྷˈ16min ༴⨶ਾ儈䗮 97.06%Ǆ 
˄3˅ᵜ᮷ཊ㔤⭥㣜亯≤༴⨶䇮༷俆⅑䟷⭘⸣໘⭥ᶱҼח㻵ປ㴲ネ⍫ᙗ⛝ᶴᡀⲴᢙኅ䱤ᶱф⍫ᙗ⛝㺘䶒

ڊ PTFE ើ≤⎲ቲⲴ⭥ᶱ֌Ѫ䱤ᶱˈᒦ俆⅑䟷⭘ৼⴤ⍱⭥Ⓚޡ䍏ᶱ㚄᧕ᯩᔿੁйቲᶱᶯ׋⭥ˈӗ⭏Ⲵ H2O2

о Fe2+ਁ⭏㣜亯৽ᓄˈᇎ傼ਁ⧠ᖃ⋑ᴹ Fe2+䘋ޕⲴᇎ傼ᶑԦлˈ⭥䀓‭ӗ⭏ H2O2 Ⲵ⎃ᓖ㓖Ѫ 350mg/Lˈᖃ

ᴹ Fe2+䘋ޕⲴᇎ傼ᶑԦлˈ⭡Ҿ㣜亯৽ᓄਁ⭏ˈH2O2ӗ䟿㓖Ѫ 40.8mg/LǄ 
˄4˅࡙⭘⭥㣜亯≤༴⨶䇮༷ሩ䘰⍶ᓏ≤䘋㹼亴༴⨶ˈ㔃ਸ MBR ⭏ॆ༴⨶অݳ৺⹄ਁⲴৼӻ䍘䱫ᥑ᭮

⭥˄DBD˅ㅹ⿫ᆀփ/O3 ≤༴⨶অݳˈਁ⧠䈕ॿ਼༴⨶ᯩ⌅ሩ䘰⍶ᓏ≤ѝ⊑ḃ⢙Ⲵ৫䲔᭸᷌䖳ྭǄ㓿䗷⭥㣜

亯儈㓗≗ॆ亴༴⨶䱦⇥ਾˈCOD Ⲵ৫䲔⦷䎵䗷 85%ˈB/C ٬䗮ࡠ 0.45ˈ㤟㌫⢙Ⲵ৫䲔⦷䎵䗷 90.99%ˈཊ⧟

㣣⛳Ⲵ৫䲔⦷㓖Ѫ 89.19%ˈ㘼䘰⍶ᓏ≤ѝѫ㾱⊑ḃ⢙ PVA Ⲵ৫䲔⦷䎵䗷 99%Ǆ䘰⍶ᓏ≤㓿 MBR ⭏ॆ༴⨶

ਾᆼޘ䗮ࡠǉ㓪㓷ḃᮤᐕъ≤⊑ḃ⢙ᧂ᭮ḷ߶Ǌ˄ GB4287-1992˅㾱≲Ⲵ䲀٬Ǆቔަˈ㓿ㅹ⿫ᆀփ/O3 ␡ᓖ

༴⨶অݳ༴⨶Ⲵᓏ≤ਟ֌Ѫᐕъഎ⭘≤䍴Ⓚॆ࡙޽⭘Ǆ 
 

ީ䭤䈃˖儈⎃ᓖ䳮䱽䀓˗ঠḃᓏ≤˗儈㓗≗ॆ˗ཊ㔤⭥㣜亯˗վ⑙ㅹ⿫ᆀփ 

䍺ࣟ亯ⴤφ儎⎉ᓜ䳴䲃䀙দḉᓕ≪༺⨼ީ䭤ᢶᵥф䇴༽਀ᐛぁ⽰㤹δNo. 2014BAC13B05ε 

৸㘹ᮽ⥤ 

 .ᒣ䶂,〻呯ᗧ.ঠḃᓏ≤⋫⨶⹄ウ⧠⣦[J].ൠ䍘ൠ⨳ॆᆖ:2001.29(4):86-91ڵ [1]

[2] Robinson T., Mcmullan G., Marchant R., Nigam P. Remediation of dyes in textile effluent: a critical review on current 

treatment technologies with a proposed alternative [J]. Bioresource technology:2001.77(3):247-255. 

[3] Jin X.-C., Liu G.-Q., Xu Z.-H., Tao W.-Y.  Decolorization of a dye industry effluent by Aspergilus [J]. Appl Microbiol 

Biotechnol: 2007.74:239-243. 

[4] Solis M., Solis A., Perez H.I., Manjarrez N., Flores M. Microbial decolouration of azo dyes: a review [J]. Process 

Biochemistry: 2012.47(12):1723-1748. 
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⭫ौᆜԁሲ䞮ᙝ⸵ኧᓕ≪ѣ䫷⺡ݹ㍖Ⲻഔ᭬ф䍺Ⓠौ࡟⭞ 

哺ᆆ1,2ݹθ傢⅘ᗹ1,2θᆕᯯ ഼3θࡎᢵᐻ3θ᷍ 䴞㫿4θᶄᘍ⭡4θ᱉ㆧ㆖1,2θߥᱛ঄1,2,*θސᘍ1,2 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ510006 

2
ᐕъ㚊䳶४⊑ḃ᧗ࡦо⭏ᘱ؞༽ᮉ㛢䜘䟽⛩ᇎ傼ᇔˈᒯᐎˈ510006 

3
ѝഭ、ᆖ䲒ൠ⨳ॆᆖ⹄ウᡰ⧟ຳൠ⨳ॆᆖഭᇦ䟽⛩ᇎ傼ᇔˈ䍥䱣ˈ550081 

4
ਠ⒮਼↕䗀ሴ⹄ウѝᗳˈਠ⒮ᯠㄩˈ30076 

*Email: chfeng@scut.edu.cn 

 

䞨ᙗⸯኡᓏ≤˄Acid mine drainageˈAMD˅ާᴹ䞨ᙗᕪǃ䠁኎ਜ਼䟿儈઼⭏⢙∂ᙗᕪㅹ⢩⛩ˈަ༴⨶н

ᖃሶՊሩ⭏ᘱ⧟ຳ䙐ᡀѕ䟽⊑ḃǄ⧠ᴹAMD༴⨶ᯩ⌅ѫ㾱䙊䗷࣐⻡⊹⏰≤փѝ䠁኎⿫ᆀˈᘭ㿶Ҷ䫱ǃ⺛䞨

ⴀㅹ▌൘䍴ⓀⲴᴹ᭸എ᭦Ǆ䪸ሩк䘠䰞仈ˈᵜ⹄ウ䙊䗷ᶴᔪ䱤䱣ᶱ㙖ਸⲴ⭥ॆᆖ㌫㔏ˈ৏ս࡙⭘䱣ᶱӗ⭏

Ⲵ⍫ᙗ≗о䱤ᶱⲴ儈ተ䜘⻡ᓖ ᘛ̍䙏≗ॆAMDѝⲴFe2+ᒦᖒᡀᯭ∿ⸯ⢙Ǆ൘3h৽ᓄᰦ䰤޵ 䲿̍⵰⭥⍱Ӿ50 mA
ॷ儈㠣200 mA F̍e2+≗ॆ⦷Ӿ~36.3%ᨀ儈㠣~74.2% എ̍᭦ⸯ⢙䟿Ӿ~3 mg໎儈㠣~55 mg ᒦ̍фഎ᭦਼ṧ䍘䟿

Ⲵⸯ⢙ᡰ⎸㙇Ⲵ㜭䟿䙀⑀߿ሿǄ䙊䗷⭥ᆀ亪⻱ޡᥟ䉡˄Electron spin resonanceˈESR ǃ˅᧒䪸઼᧙㭭ᇎ傼⹄

ウFe2+≗ॆᵪਁࡦ⧠ˈ൘վ⭥⍱ᶑԦлˈFe2+ѫ㾱䙊䗷䱣ᶱⴤ᧕≗ॆ䗷〻≗ॆˈն⭡ҾՐ䍘ਇ䲀᭸⦷䖳վ˗

䲿⭥⍱໎བྷˈFe2+≗ॆ䗷〻䙀⑀䖜Ѫ⭡⍫ᙗ≗ѫሬⲴ䰤᧕≗ॆˈᶱབྷᨀ儈㌫㔏޵䫱ⸯ⢙Ⲵ⭏ᡀǄ↔ཆˈ䙊䗷

Xሴ㓯ݹ⭥ᆀ㜭䉡˄X-ray photoelectron spectroscopyˈXPS ǃ˅ぶᯟ๑ቄ䉡˄Mössbauer spectrum˅઼਼↕䗀

ሴ㋮㓶੨᭦䉡˄Synchrotron X-ray absorption spectroscopyˈXAS˅ㅹ㺘ᖱ᡻⇥䇱ᇎˈоՐ㔏H2O2⌅о⭥ॆᆖ

ⴤ᧕≗ॆਸᡀⲴᯭ∿ⸯ⢙⴨∄ˈ⭥ॆᆖ䰤᧕≗ॆ༷ࡦⲴᯭ∿ⸯ⢙ާ༷ᴤ儈≗ਜ਼䟿ǃ㗏สสഒਜ਼䟿઼∄㺘䶒

〟 ᒦ̍ሩAs(III)Ⲵ৫䲔ѝኅ⧠ᴤՈᔲⲴ੨䱴ᙗ㜭Ǆ൘ሩᇎ䱵ᓏ≤Ⲵ༴⨶ᇎ傼㺘᰾䱤䱣ᶱ㙖ਸⲴ⭥ॆᆖ㌫㔏ሩ

ҾAMDѝ▌൘䍴Ⓚഎ᭦ާᴹᇎ䱵ᓄ⭘ԧ٬Ǆ 

 
മ. 1 䱤䱣ᶱ㙖ਸ਼↕ᖒᡀ⍫ᙗ≗⢙⿽оተ䜘⻡ᓖഎ᭦AMDѝ䫱ǃ⺛ݳ㍐ 

 

 

ީ䭤䈃˖䱤䱣ᶱ㙖ਸ˗ᯭ∿ⸯ⢙˗⍫ᙗ≗⢙⿽˗䍴Ⓚഎ᭦ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇॰ต᯦ࡑ㚊ਾ䠃⛯亯ⴤφ⍱ᙝ⢟〃ԁሲ䞮ᙝ⸵ኧᓕ≪ѣ⊗ḉ⢟ᇐ

ੇ䖢〱ф䍺Ⓠौ(No.U21A2034)Ⱦ 
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⸵⢟/㓚㔪གྷਾᶆᯏሯ≪։䠃䠇ኔঅੂ੮䱺㺂Ѱᵰ࡬⹊ガ 

ઞٟ䳻 1θ䜇ࡎᱛ 1,*θᴴ᱀ 1θ՜҆䊠 1θᶞ⩪ 1θԱ䶏䶏 1 

1 ॾইᐸ㤳བྷᆖ⧟ຳᆖ䲒ˈᒯᐎˈ510006 

*Email: lczhengscnu1@163.com 

 

䟽䠁኎䭹⭡Ҿަнਟ䱽䀓ᙗ઼⭏⢙〟㫴ᙗˈሩӪփڕᓧ䙐ᡀѕ䟽ေ㛱ˈᰙᵏޛབྷޜᇣһԦѻаⲴⰋⰋ

⯵ቡᱟ⭡䭹ѝ∂ᕅ䎧ⲴǄ䪸ሩ䟽䠁኎⊑ḃⲴᲞ䙽ᙗǃ༽ᵲᙗ৺ᤱѵᙗˈᵜ⹄ウԕ㠚❦⭼ѝѠᇼⲴཙ❦儈࠶

ᆀ㚊ਸ⢙㓔㔤㍐઼⢙⨶ॆᆖᙗ䍘っᇊⲴᰐᵪⸯ⢙Ѫ৏ᶀᯉˈ࡛࠶൘ᴹᵪ઼ᰐᵪ࠶ᮓࡲփ㌫ѝ༷ࡦҶޝ⿽ཊ

㗗สⸯ⢙/㓔㔤㍐༽ਸᶀᯉᒦ᧒ウཊഐ㍐лሩ䟽䠁኎䭹Ⲵ੨䱴㹼ѪǄаᯩ䶒ˈ൘ᑨ㿴੨䱴ᇎ傼ѝ਼ᰦ㘳ሏᰐ

ᵪ⢙৺ᴹᵪ⢙ㅹᒢᢠ⿫ᆀሩ੨䱴Cd(II)Ⲵᖡ૽ˈ↔ཆˈ㔃ਸӄ⿽䈟ᐞ࠭ᮠˈ䙊䗷ᤏਸཊњ੨䱴৽ᓄ઼㓿傼⁑

ර৺й㊫Ր䍘⁑රˈሩ੨䱴ࣘ࣋ᆖ⹄ウ䘋㹼Ҷޘ䗷〻઼࠶䗷〻Ⲵ㌫㔏᷀࠶Ǆ⹄ウਁ⧠ˈ൘ᴰ֣ᶑԦлˈᴹ

ᵪփ㌫ѝⲴཊ㗗สҼ≗ॆ䫋/㓔㔤㍐༽ਸᶀᯉሩCd(II)Ⲵ੨䱴ᇩ䟿൘5࠶䫏޵ਟ䗮105 mg/gˈ൘▌൘ᒢᢠ⿫ᆀ

ᆈ൘Ⲵᛵߥлӽ㜭؍ᤱ䖳儈Ⲵ੨䱴ᇩ䟿઼੨䱴䙏⦷ˈ⺞ᇊҶPNO⁑රѪ䈕ᶀᯉⲴᴰ֣ᤏਸ੨䱴৽ᓄ઼㓿傼

⁑ර ⍫̍ᙗս⛩੨䱴ᱟѫ㾱Ⲵ䲀䙏↕僔 䘉̍ѫ㾱ᖂഐҾᶀᯉ㺘䶒Ⲵ㗗สสഒоCd(II)ѻ䰤Ⲵ⭥ᆀޡӛᡆӔᦒǄ

ਖаᯩ䶒ˈ࡙⭘ᇶᓖ⌋࠭⨶䇪˄DFT˅䇑㇇Ӿ⭥ᆀ≤ᒣᇊ䟿⹄ウ༽ਸᶀᯉ੨䱴Cd(II)Ⲵ⭼䶒⴨ӂ֌⭘৺ᗞ㿲

ᵪ⨶ˈ㌫㔏ൠ⁑ᤏCd(II)൘н਼㗗สս⛩кⲴ੨䱴Ǆ㔃᷌㺘᰾ˈ༽ਸᶀᯉѫ㾱Ⲵ੨䱴ᵪ⨶Ѫ䶉⭥⴨ӂ֌⭘ˈ

㗗สѝO৏ᆀѪ੨䱴Cd(II)ᨀ׋⭥ᆀˈ䘋а↕ঠ䇱Ҷᇎ傼㔃᷌Ǆ 
 

 
മ. 1 䟽䠁኎൘ཊ㗗สⸯ⢙/㓔㔤㍐༽ਸᶀᯉ㺘䶒кⲴ੨䱴 

 

 

ީ䭤䈃˖㓔㔤㍐˗༽ਸᶀᯉ˗੨䱴˗ࣘ࣋ᆖ˗䇑㇇ 

䍺ࣟ亯ⴤφᒵђⴷ䠃⛯亼ต⹊ਇ䇗ࡈδ2019B110207001εᒵᐔᐸ〇ᢶ亯ⴤδ201803030001εᒵ

ђⴷ㠠❬〇ᆜะ䠇δ2018A030313363εᒵђⴷौᆜ⊗ḉф⧥ູᆿޞ䠃⛯ᇔ僂ᇚδ2019B030301008ε 

৸㘹ᮽ⥤ 

[1] Qianya Zhou, et al. Effective response of multiple kinetic models and DFT calculations to the ultrafast adsorption 

behaviors of cellulose-titanium dioxide composites. Industrial Crops and Products, 2022, 178: 114673. 
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䈧ሲӐ⺡䞮䫖֒⭞ӄ≪䫷⸵Ⲻ䖢ौૂ䠃䠇ኔݿ Cd Ⲻ䗷〱 

䛧䠇ᮽ 1,2θ᷍䴞㫿 3θᶄᘍ⭡ 3θ᱉ㆧ㆖ 1,2θߥᱛ঄ 1,2,*θސᘍ 1,2 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ510006 

2 ᐕъ㚊䳶४⊑ḃ᧗ࡦо⭏ᘱ؞༽ᮉ㛢䜘䟽⛩ᇎ傼ᇔˈᒯᐎˈ510006 
3 ਠ⒮਼↕䗀ሴ⹄ウѝᗳˈਠ⒮ᯠㄩˈ30076 

*Email: chfeng@scut.edu.cn 

 

䫱˄㗏ส˅≗ॆ⢙ᒯ⌋ᆈ൘Ҿ㠚❦⧟ຳѝˈ⭡Ҿަ儈∄㺘䶒〟઼儈৽ᓄ⍫ᙗˈሩ䟽䠁኎ާᴹᖸᕪⲴ੨

䱴㜭࣋Ǆ䫱˄㗏ส˅≗ॆ⢙ሩ䟽䠁኎Ⲵ੨䱴৺ަ⴨䖜ਈᱟ᧗ࡦ䟽䠁኎⧟ຳ㹼Ѫǃ䗱઼〫⭏⢙ᴹ᭸ᙗⲴ䟽㾱

ൠ⨳ॆᆖ䗷〻ѻаǄݹ➗ਟԕ傡ࣘ≤փѝᆈ൘Ⲵᰐᵪ䱤⿫ᆀ SO32íӗ⭏ eaqíǃH• ઼ SO3
•íǄ䇨ཊ᮷⥞ᣕ䚃Ҷ

Fe(II)ۜॆ≤䫱ⸯ䖜ॆⲴ䗷〻ᵪࡦ˗❦㘼ˈӊ⺛䞨䫐ݹ◰ਁӗ⭏Ⲵ eaqíǃH• ઼ SO3
•íሩ≤䫱ⸯⲴ䖜ॆ઼䟽䠁

኎䱣⿫ᆀྲ Cd(II)Ⲵ䗱〫䗷〻䖳ቁ㻛ޣ⌘Ǆ⹄ウਁ⧠ ≤̍䫱ⸯਟ൘㍛ཆ઼ݹӊ⺛䞨䫐Ⲵ਼ޡ֌⭘л䖜ॆᡀᯠ

Ⲵⸯ⢙ˈфҼ⅑ⸯ⢙Ⲵ㓴ᡀਇӊ⺛䞨䫐⎃ᓖⲴᖡ૽Ǆ䙊䗷 X ሴ㓯㹽ሴݹ䉡˄X-Ray Diffraction spectroscopy, 

XRD ǃ˅ぶᯟ๑ቄ䉡 (Mössbauer spectral)઼਼↕䗀ሴ㋮㓶੨᭦䉡(Synchrotron X-ray absorption spectroscopy, 

XAS)ㅹ㺘ᖱ᡻⇥䇱ᇎˈ൘㍛ཆݹ➗ሴ 2 mM ӊ⺛䞨䫐ⲴᶑԦлˈ㓖ᴹ 40%Ⲵ≤䫱ⸯ䖜ॆᡀ㓔䫱ⸯ˗ᖃӊ⺛

䞨䫐⎃ᓖᨀ儈㠣 5 mM ᰦᴹ 29.79%Ⲵ≤䫱ⸯ䖜ॆᡀ㓔䫱ⸯˈ41.26%Ⲵ≤䫱ⸯ䖜ॆᡀ䪸䫱ⸯ˗ӊ⺛䞨䫐⎃ᓖ

ᨀ儈㠣Ѫ 10 mM ᰦ≤䫱ⸯᆼޘ䖜ॆѪ䪸䫱ⸯǄ↔ཆˈ䙊䗷 X ሴ㓯ݹ⭥ᆀ㜭䉡 (X- ray photoelectron 

spectroscopy, XPS)઼਼↕䗀ሴ㋮㓶੨᭦䉡ㅹ㺘ᖱ⹄ウ Cd(II)൘ⸯ⢙䖜ॆ䗷〻ѝⲴ࠶޽䝽ᵪࡦˈਁ ⧠䲿⵰Ҽ⅑

ⸯ⢙Ⲵ⭏ᡀˈ㔃ᶴᘱ Cd(II)Ⲵ∄ֻкॷˈ䈤᰾ᴹ䜘࠶Ⲵ Cd(II)൘≤䫱ⸯᲦ⴨䖜ਈ䗷〻ѝ䘋ޕҶ䖜ਈਾⲴҼ⅑

ⸯ⢙㔃ᶴѝ㘼䱽վҶ䗱〫ᙗǄ⹄ウ㔃᷌ਟѪ㠚❦⧟ຳᖡ૽лӗ⭏Ⲵ eaqíǃH• ઼ SO3
•íㅹ㠚⭡สሩ䫱ൠ⨳ॆᆖ

ᗚ⧟䗷〻઼䟽䠁኎࠶޽䝽Ⲵ֌⭘ᨀ׋ᯠ㿶䀂ˈሩ䟽䠁኎⊑ḃⲴ؞༽઼亴⍻ަ൘㠚❦઼Ӫᐕ⧟ຳѝⲴ䮯ᵏ㹼

Ѫᨀ׋㔉Ҷᯠᙍ㘳Ǆ 

 

ީ䭤䈃˖䫱˄㗏ส˅≗ॆ⢙˗ӊ⺛䞨䫐˗Cd(II)˗ⸯ⢙䖜ॆ˗࠶޽䝽 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇॰ต᯦ࡑ㚊ਾ䠃⛯亯ⴤφ⍱ᙝ⢟〃ԁሲ䞮ᙝ⸵ኧᓕ≪ѣ⊗ḉ⢟ᇐ

ੇ䖢〱ф䍺Ⓠौ(No.U21A2034) 

 
  

mailto:chfeng@scut.edu.cn
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ሂ੡ঀሲ։⸵⢟Ⲻ⸵⑙␱ࣖሯぱ⭦⑟ᇚ≊։ᧈ᭴Ⲻᖧଃ 

ⲳ䬬㩃 1,2θ⧁䶈 1θᶞࡐ 2,* 
1 㾯ই、ᢰབྷᆖ⧟ຳо䍴Ⓚᆖ䲒ˈ㔥䱣ˈ621010 

2
㾯ই、ᢰབྷᆖ⭏ભ、ᆖоᐕ〻ᆖ䲒ˈ㔥䱣ˈ621010 

*Email: yanggang903@swust.edu.cn 

 

ॺሬփⸯ⢙ᱟа⿽ާᴹᰕॆۜݹᙗ㜭Ⲵ⢩↺ⸯ⢙ˈ൘ᰕॆۜݹлਟӗ⭏ާᴹ≗ॆ䘈৏֌⭘Ⲵ⭥ᆀ-オイ

ሩǄॺሬփⸯ⢙Პ䙽ᆈ൘Ҿ൏༔ѝ ൘̍ⸯ⑓ѝҏ䖳Ѫᑨ㿱ǄᡁԜࡽᵏ⹄ウਁ⧠ に̍⭠൏༔ѝ䍻ᆈⲴᇼਜ਼Fe2O3, 
TiO2઼MnOⲴ⻱䫱ⸯˈ䠁㓒⸣оᯩ䭠ⸯާᴹ䖳ྭⲴॆۜݹ᭸᷌ˈфᡁഭӄབྷに֌४に⭠൏༔ѝFe2O3, TiO2

઼MnOⲴਜ਼䟿о൏༔બ੨੸⧠↓⴨ޣޣ㌫Ǆഐ↔ˈᡁԜࡍ↕᧘ᯝ൏༔ѝᆈ൘Ⲵॺሬփⸯ⢙ਟ䙊䗷ᰕॆۜݹ

ⴤ᧕ᖡ૽に⭠൏༔⻣ᗚ⧟䗷〻ǄสҾ↔ˈᡁԜሶ䙊䗷䈅傼䘋а↕傼䇱Ǆ䘹ਆй⿽ѫ㾱ⸯ⑓˄䫒⑓ˈ䫋⑓ˈ

䭠⑓˅Ѫ⹄ウሩ䊑ˈ⹄ウн਼ⸯ⑓␫࣐ሩに⭠⑙ᇔ≄փᧂ᭮Ⲵᖡ૽Ǆ⹄ウਁ⧠ˈоሩ➗⴨∄ˈй⿽ⸯ⑓␫

࣐൷ᴹ߿ቁ⭢✧ᧂ᭮Ⲵ᭸᷌ˈਟ߿࡛࠶ቁ⭢✧ᧂ᭮䟿Ⲵ34%ˈ37%ˈ55%Ǆоሩ➗⴨∄ˈ䫒⑓о䫋⑓׳䘋Ҽ

≗ॆ⻣Ⲵᧂ᭮ˈ㘼䭠⑓䱽վҶҼ≗ॆ⻣ᧂ᭮䟿Ⲵ30%Ǆਟ㿱ˈ㔬ਸє⿽⑙ᇔ≄փᧂ᭮ᶕⴻˈᯭ࣐䭠⑓ާᴹ䖳

Ѫᱮ㪇Ⲵਜ਼⻣⑙ᇔ≄փ߿ᧂ᭸᷌Ǆ䘉аࡍ↕㔃᷌ሶ䘋а↕⭘Ҿപփᓏ⢙䍴Ⓚॆ࡙⭘৺⑙ᇔ≄փപ⻣߿ᧂ㛕

ᯉⲴ⹄ਁǄ 

 

 

ީ䭤䈃˖ॺሬփⸯ⢙˗に⭠˗൏༔⻣˗⑙ᇔ≄փ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇亯ⴤ(No. 42077038) 

৸㘹ᮽ⥤ 

[1] Bai Y, et al. Soil respiration of paddy soils were stimulated by semiconductor minerals. Frontiers in plant science, 

2022,941144. 
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⓬䀙ᙝ唇⛣Ⲻݿ䲃䀙਀ᗤ⭕⢟䲃䀙ᵰ࡬ 

䱾䳻ަ 1θᆏਥ 1,*θᶞ࿃ 1θ丟ަ㣩 2θ儎ঐ 3 
1 ेӜᐸ㤳བྷᆖ⧟ຳᆖ䲒≤⧟ຳ⁑ᤏഭᇦ䟽⛩ᇎ傼ᇔˈेӜˈ100875 

2 ᒯьᐕъབྷᆖ⧟ຳ⭏ᘱᐕ〻⹄ウ䲒ˈᒯᐎˈ510006 
3 ѝഭ≤࡙≤⭥、ᆖ⹄ウ䲒⍱ฏ≤ᗚ⧟⁑ᤏо䈳᧗ഭᇦ䟽⛩ᇎ傼ᇔˈेӜˈ100038 

*Email: sunke@bnu.edu.cn 

 

ᵜ⹄ウ֯⭘300ǃ450઼600 °C༷ࡦⲴ⭏⢙⛝ṧ૱ѝᨀਆⲴⓦ䀓ᙗ唁⛝˄ DBC 䘋˅㹼ݹ䱽䀓ᇎ傼઼56ཙⲴ

ᇎ傼ᇔษ㛢ᇎ傼ˈ㚄ਸᓄ⭘EPRˈFT-ICR-MSǃ⑙ᇔ≄փ᷀࠶ǃNᖒᘱ઼᷀࠶儈䙊䟿⍻ᒿㅹᢰᵟˈ᧒㍒DBC
Ⲵݹ䱽䀓઼ᗞ⭏⢙䱽䀓ᵪࡦǄ⹄ウ㔃᷌ᱮ⽪ˈ䲿⵰✝䀓⑙ᓖⲴॷ儈ˈDBCⲴ㣣俉ᙗ઼࠶ᆀཊṧᙗ໎࣐ˈݹ

⍫ᙗ໎࣐ˈ㘼ᗞ⭏⢙⻣ⸯॆ⦷䱽վǄݹ䱽䀓֯DBCⲴ⻣ⸯॆ⦷Ӿ40%–70%ᨀ儈80–%60ࡠ%ˈն䱽վҶDBC
Ⲵ࠶ᆀཊṧᙗǃ࠶ᆀ䟿઼㣣俉ᙗˈѫ㾱৫䲔Ҷ㊫ᵘ䍘㍐ॆਸ⢙Ǆᗞ⭏⢙ษޫ䱽վҶ৏࿻ṧ૱઼ݹ䱽䀓ṧ૱

Ⲵ࠶ᆀཊṧᙗˈն໎࣐Ҷަ࠶ᆀ䟿઼㣣俉ᙗǄ㊫অᆱॆਸ⢙ǃ⻣≤ॆਸ⢙઼㜲㛚᯿/㳻ⲭ䍘㊫ॆਸ⢙Ոݸ㻛

⭏⢙䱽䀓ˈ㘼㜲䍘ǃ㊫ᵘ䍘㍐㔃ᶴǃн価઼⛳઼㕙ਸ㣣⛳ᴤੁٮҾ㻛؍ᆈᡆ䟽ᯠ⭏ᡀǄ㙀ݹф㙀ᗞ⭏⢙䱽

䀓Ⲵᡀ࠶ѫ㾱⭡㊫ᵘ䍘㍐઼㊫অᆱ㔃ᶴ㓴ᡀǄ⴨䖳Ҿ৏࿻DBCˈݹ䱽䀓DBC㜭ཏ䟺᭮ᴤཊⲴCO2ն䖳ቁⲴ

N2Oˈ䘉ᱟ⭡Ҿਾ㘵ާᴹ儈⻣৽ᓄᙗˈӾ㘼ਟ㜭ާᴹ䖳儈Ⲵ৽⺍ॆ⦷Ǆ㓿䗷ᇔ޵ษ㛢ਾ D̍BCѝⲴ㓶㧼Ѡᇼ

ᓖ઼ཊṧᙗվҾ৏࿻᧕⿽⢙Ǆ↔ཆˈ㓿শн਼Ⲵᆥ㛢ᰦ䰤ਾˈ৏࿻઼ݹ䱽䀓DBCṧ૱Ⲵ㓶㧼㗔㩭㔃ᶴо৏

࿻᧕⿽⢙ѻ䰤ᆈ൘᰾ᱮᐞᔲǄާփᶕ䈤ˈо৏࿻᧕⿽⢙⴨∄ˈProteobacteria䰘Ѡᓖ໎࣐ˈ㘼൘ᆥ㛢7ᡆ56ཙ
ਾˈаӋṧ૱ѝⲴActinobacteriotaǃBdellovibrionotaǃFirmicutesᡆNitrospirota䰘੸⧠໎࣐䎻࣯Ǆ⢩࡛ൠˈݹ

䱽䀓ਾⲴ600 °C DBCሩ㓶㧼ᗞ⭏⢙㗔㩭㺘⧠ࠪᴰᕪⲴ䗷└᭸᷌Ǆ䘉Ӌ㔃᷌ᴹࣙҾ䱀᰾DBC൘ݹ➗઼唁᳇Ⲵ

≤⭏⧟ຳ˄ྲ⋣⍱઼ൠл≤㖁㔌ǃ⒆⋺઼⎧⌻˅ѝⲴ⭏⢙ൠ⨳ॆᆖᗚ⧟઼ઘ䖜Ǆ 
 

ީ䭤䈃˖ⓦ䀓ᙗ唁⛝˗ݹ䱽䀓˗ᗞ⭏⢙䱽䀓˗࠶ᆀ㓴ᡀ˗⻣≞ࣘᘱ˗⍫ᙗ≗㠚⭡ส 

䍺ࣟ亯ⴤφളᇬᶦ࠰䶈ᒪ〇ᆜะ䠇(No. 42125703)θളᇬ㠠❬〇ᆜะ䠇(No. 41977299)θ्Ӣᐸ

㠠❬〇ᆜะ䠇(No. JQ19033) 

 

৸㘹ᮽ⥤ 
[1] Chen Y, et al. Photodegradation of pyrogenic dissolved organic matter increases bioavailability: Novel insight into 

bioalteration, microbial community succession, and C and N dynamics. Chemical Geology, 2022, 605: 120964.  

[2] Yan W, et al. Pyrogenic dissolved organic matter produced at higher temperature is more photoactive: Insight into 

molecular changes and reactive oxygen species generation. Journal of Hazardous Materials, 2022, 425: 127817. 
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ะӄ㠠ࣞᵰಞᆜҖᯯ⌋人⎁ᰖᵰ⿱ᆆ൞⸵⢟рⲺ੮䱺φ            

ԛ䪾䫷⸵੮䱺 6 〃䱩⿱ᆆૂ 5 〃䱪⿱ᆆѰׁ 

䱾䭪 1,2θ䜣ᾐ⧨ 1,2,*θঘṸᆷ 1,2θސᘍ 1,2,* 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ510006 

2
ᐕъ㚊䳶४⊑ḃ᧗ࡦо⭏ᘱ؞༽ᮉ㛢䜘䟽⛩ᇎ傼ᇔˈᒯᐎˈ510006 

*Email: chfeng@scut.edu.cn 

 

੨䱴ㅹ⭼䶒৽ᓄ᧗ࡦ⵰㠚❦⧟ຳѝᗞ䟿ݳ㍐Ⲵ࠶ᐳ઼ᗚ⧟Ǆԕᖰа㡜䙊䗷ᔪ・㺘䶒㔌ਸ⁑ර(Surface 
Complexation Model, SCM)ᶕ亴⍻⿫ᆀ൘ⸯ⢙кⲴ੨䱴䟿ˈն⁑රᡰ䴰ޘተᴰՈ৲ᮠа㡜䖳䳮䙊䗷ᑨ㿴Ոॆ

ᯩ⌅оվṧᵜ䟿Ⲵᮠᦞ㧧ᗇǄᵜ⹄ウӾᮠᦞ傡ࣘⲴ䀂ᓖࠪਁˈṩᦞ㻛੨䱴⿫ᆀ⢙ॆᙗ䍘Ⲵᐞᔲˈԕ⧟ຳѝ

ᒯ⌋ᆈ൘Ⲵ䫱ⸯ⢙——䪸䫱ⸯ֌Ѫިරⸯ⢙ˈᔪ・Ҷⸯ४ᑨ㿱Ⲵ6⿽䟽䠁኎䱣⿫ᆀ˄Cd2+, Co2+, Cu2+, Ni2+, 
Pb2+, Zn2+˅઼5⿽䱤⿫ᆀ˄SeO42-, SO42-, CrO42-, AsO43-, PO43-˅Ⲵㄟࡠㄟ੨䱴⁑රǄ俆ݸṩᦞ⿫ᆀ੨䱴Ӣ઼

ᓖ઼2⿽ޘተ⢩ᖱ䟽㾱ᙗ䇑㇇ᯩ⌅䘋㹼⢩ᖱᐕ〻ˈԕㆋ䘹ࠪⴞḷ⿫ᆀ੨䱴ࡠ䪸䫱ⸯ㺘䶒䗷〻ѝ䎧ޣࡠ䭞֌⭘

Ⲵᙗ䍘৲ᮠǄ޽ԕ↔৲ᮠ䟽ᯠᶴᔪᮠᦞ䳶ˈสҾ6⿽䳶ᡀᆖҐ㇇⌅઼䍍ਦᯟՈॆˈ䇝㓳ᒦ∄䖳Ҷн਼䗃ޕ-
䗃ࠪ㓴ਸⲴ288њ⁑ර൘਼а⍻䈅䳶кⲴᗇ࠶㺘⧠ǄD ਾ 䙊̍䗷ޘተ⢩ᖱ䟽㾱䇑㇇ǃ䍘䟿ᆸᚂ᷀࠶ԕ৺SHAP
᷀࠶䎆മⲴ׍ ᡁ̍ԜᗇࡠҶ3њᴰՈ⁑ර ਟ̍ԕ࡛࠶⭘Ҿ亴⍻ᒯ⌋੨䱴ᶑԦл䪸䫱ⸯሩ6⿽䠁኎䱣⿫ᆀ઼/ᡆ5
⿽≗䱤⿫ᆀⲴ৫䲔⦷ˈф⁑ර൘⍻䈅䳶кⲴRMSE൷ሿҾ5%Ǆᵜ⹄ウሶᵪಘᆖҐᯩ⌅оൠ⨳ॆᆖ⨶䇪⴨㔃

ਸˈѪ亴⍻ⸯ⢙പ⏢⭼䶒кݳ㍐Ⲵ䗱઼〫ᖂ傡ᨀ׋ҶањޘᯠⲴ㿶䀂Ǆ 
 

 

ީ䭤䈃˖䪸䫱ⸯ˗⿫ᆀ੨䱴˗⢩ᖱᐕ〻˗ᵪಘᆖҐ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇ള䱻(൦॰)ਾ֒фӚ⍷亯ⴤφ䠇ኔ⸵॰䫷⺡䞮ⴆ⅗⭕⸵⢟Ⲻ䖢ौ

䗽ぁ਀ሯ䠃䠇ኔ䗷〱Ⲻ࡬㓜ᵰ࡬(No. 41720104004) 
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ὃ䞮਀䫏䭷⿱ᆆ㙜ਾᑂ⬜≅㨂ሯ䫶Ⲻ⸵ौૂര└֒⭞ᵰ࡬ 

䙥ቅ䶏 1θᕖ⍁⍁ 2, ぁᮽ䍘 ᓊㄖ⍁ࡎ,1 1θ੪䘿ᱛ 1θᶄᲉᆿ 4θ 

㪙ਇच 1,3θᶄ䳳 2,5θ㙸ቅ⩪ 1,3,* 
1 㾯ই、ᢰབྷᆖṨᓏᯉо⧟ຳᆹޘส⹰ᇎ傼ᇔˈഋᐍ㔥䱣 621000 

2 ␵ॾབྷᆖॆᆖ㌫ˈᴹᵪݹ⭥ᆀᆖо࠶ᆀᐕ〻ᮉ㛢䜘䟽⛩ᇎ傼ᇔˈेӜ 100084 

3 㾯ই、ᢰབྷᆖപփᓏ⢙༴⨶о䍴Ⓚॆᮉ㛢䜘䟽⛩ᇎ傼ᇔˈഋᐍ㔥䱣 621010 

4 ഭᇦছ⭏ڕᓧငṨᢰᵟ५ᆖ䖜ॆ䟽⛩ᇎ傼ᇔˈ㔥䱣 621000 

5 ইᯩ、ᢰབྷᆖॆᆖ㌫ˈᒯь␡ൣ 518055 

E-mail: 1539949915@qq.com 

 

䫰䞠(UO22+)ᱟа⿽ԕ U(VI)ᖒᔿᲞ䙽ᆈ൘Ҿཙ❦ⸯ⢙ǃൠл≤ǃ⊑ḃ൏༔઼⎧⌻⧟ຳѝⲴ≗ॆᘱ䫰Ǆ

U(VI)ഐᵜ䓛ާᴹ༽ᵲⲴᶴර઼৽ᓄ㖁㔌 ሬ̍㠤ަо⭏⢙ᴹᵪ࠶ᆀѻ䰤Ⲵ⴨ӂ֌⭘ҏ⴨ᖃ༽ᵲǄ ᵜ⹄ウ䘹ਆ

ѫ㾱ᆈ൘Ҿ⎧⌻⧟ຳѝⲴᐼ⬖∿㧼 (S. putrefaciens)ԕ৺ᒯ⌋ᆈ൘Ҿ⭏⢙փ޵ⲴἽ䞨(IP6) ᴹᵪ࠶ᆀ֌Ѫ⁑

රᶕ᧒䇘ަሩ U(VI)⭏⢙ⸯॆⲴᖡ૽Ǆ 㔃᷌㺘᰾ˈἽ䞨ሩ S. putrefaciens ৫䲔 U(VI)ᴹ᰾ᱮⲴᣁࡦ֌⭘ˈަ

੨䱴䟿Ӿ 382.77 mg/g л䱽ࡠ 102.45 mg/gǄ 䘋а↕Ⲵ䘿᷀ᇎ傼㺘᰾Ἵ䞨㷟ਸ U(VI)ਟԕᖒᡀ㜦փ㚊ਸ⢙Ǆ 䟿
ᆀ⨶䇪ᔪ⁑䇱ᇎἽ䞨о UO22+ާᴹᖸᕪ㔃ਸ֌⭘ˈ䫉ǃ䭱⿫ᆀҏਟԕ䙊䗷⿫ᆀ䭞оἽ䞨㔃ਸˈӾ㘼䙊䗷⹤ൿ

≒䭞㖁㔌ᶕ䀓䲔Ἵ䞨൘ⓦ⏢ѝⲴᣁࡦ֌⭘Ǆ XRD ઼ SEM-EDS 㔃᷌㺘᰾ˈἽ䞨㜭䱫⺽ⸯॆփ(䫐䫰Ӂ⇽

[Na(UO2)(PO4)·3H2O])ⲴᖒᡀˈӾ㘼⭏ᡀᰐᇊᖒ⊹⏰Ǆ FTIR ઼ XPS 䘋а↕㺘᰾ˈ㓶㧼ѫ㾱䙊䗷ਜ਼⼧ᇈ㜭ഒ

о U(VI)⴨ӂ֌⭘Ǆ ᵜ⹄ウ㔃ਸ࠶ᆀ≤ᒣⲴᗞ㿲⨶䀓ˈᨀ׋Ҷ൘൏༔઼≤⧟ຳѝᆈ൘ᴹᵪ⭏⢙࠶ᆀᰦˈἽ

䞨оU(VI)ѻ䰤ᖒᡀ㜦փⲴ䈖㓶ؑ᚟ ԕ̍৺Ca2+઼Mg2+Ⲵ࣐ޕሩἽ䞨ᖡ૽ԕ S. putrefaciens Ѫส䍘ⸯॆ U(VI)
Ⲵᵪ⨶䀓䟺Ǆ  

 

 
മ.1 Ἵ䞨઼ Mg2+/Ca2+䱽վҶᓏ≤઼൏༔ѝ U(VI)Ⲵ⭏⢙ⸯॆ ᖒ̍ᡀҶާᴹ U(VI)ᖒᘱⲴ㜦փ઼䶎Ღᘱ

⊹〟⢙Ǆ 
 

ީ䭤䈃φᐼ⬖∿㧼, U(VI), Ἵ䞨ˈ䟿ᆀ-⨶䇪⁑රˈ⭏⢙ⸯॆ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(41877323 ૂ 22033005) 
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⼭⸩㟅ะ⧥ູ߶ौᶆᯏⲺ⹊ガ 

⎸؀ᇅ 1θ䛉、᷍ 1,*θ㖍⩪ 2θ੪㢥䍚 2θ䛉⍠ᵹ 2θᔌ䖿Օ 2θ䉣ᇅᯂ 2θ㪙ਇ

च 1,* 
1 㾯ই、ᢰབྷᆖ ᶀᯉоॆᆖᆖ䲒ˈѝഭ㔥䱣䶂嗉བྷ䚃 59 ਧˈ621010 
2 㾯ই、ᢰབྷᆖ ᶀᯉоॆᆖᆖ䲒ˈѝഭ㔥䱣䶂嗉བྷ䚃 59 ਧˈ621010 

*Email: qiulindeng@swust.edu.cn 

 

Ѫᇎ⧠ᓏ≤ѝḃᯉᓏ≤⊑ḃ⋫⨶ԕ৺䟽䠁኎⿫ᆀⲴഎ᭦༴⨶ˈॿ਼ᇎ⧠⼧⸣㞿䍴Ⓚॆ࡙⭘৺⧟ຳ⋫⨶

ⲴⴞḷˈสҾĀᕅᓏ⋫ᓏāㆆ⮕༷ࡦҶ⸣⚠亴༴⨶⼧⸣㞿ส੨䱴ᶀᯉ˄PPG˅৺⼧⸣㞿/䬦ส༽ਸᣁ㧼ᶀᯉ

˄PPG/Ag Ǆ˅˄ 1˅ሩPPG੨䱴᷌ࡊ㓒˄CR˅Ⲵᐕ㢪৲ᮠ䘋㹼ҶՈॆ˗ᒦ൘H2SO4ǃ৫⿫ᆀ≤઼NaOHⓦ⏢ѝ

䘋㹼䀓੨ᇎ傼˗俆⅑ሶປݵᗞ䙊䚃ᓄ⭘Ҿ৫䲔≤ⓦ⏢ѝⲴCRǄPPGሩCRⲴ੨䱴䟿䗮79.5ࡠ mg/gˈ੨䱴䗷〻

Ѫঅቲǃॆᆖ੨䱴઼੨✝৽ᓄˈ੨䱴ᵪࡦᱟ䶉⭥⴨ӂ֌⭘઼≒䭞Ǆ˄ 2˅⹄ウҶPPG/Agሩ䶙ޠ∿䱤ᙗ㧼˄བྷ

㛐ᵶ㧼˅઼ 䶙ޠ∿䱣ᙗ㧼˄ ᷟ㥹㣭ᆒᵶ㧼઼䠁哴㢢㪑㨴⨳㧼 Ⲵ˅ᣁ㧼ᙗ㜭 ᧒̠䇘Ҷ⑙ᓖǃᰦ䰤ㅹഐ㍐ሩPPG/Ag
Ⲵᙗ㜭ᖡ૽ǄPPG/Agሩབྷ㛐ᵶ㧼ǃᷟ㥹㣭ᆒᵶ㧼઼䠁哴㢢㪑㨴⨳㧼ᣁ㧼⦷࡛࠶Ѫ100%ǃ100%ǃ61%ˈPPG
Ⲵᴰབྷ䖭䬦䟿Ѫ45.52 mg/gˈф↔䗷〻Ѫॆᆖ䖭䍏Ǆ⼧⸣㞿ส⧟ຳ߰ॆᶀᯉⲴᡀ࣏༷ࡦѪ⼧⸣㞿Ⲵ儈䱴࣐٬

࡙⭘ᨀ׋ᯠᯩੁ઼ᯠᯩ⌅Ǆ 
 

 
 
 
 
 
 
 
 
 

മ. 1 PPG੨䱴CRⲴᵪ⨶മ                          മ. 2 PPG/Agᣁ㧼৺䍏䖭ᵪ⨶മ 

 

ީ䭤䈃˖⼧⸣㞿˗᷌ࡊ㓒˗੨䱴˗Ag(პ)˗ᣁ㧼 

䍺ࣟ亯ⴤφ㾵঍〇ᢶཝᆜ㠠❬〇ᆜะ䠇δNo.15zx7125εχ⬤⿅(䳼ഘ)ᴿ䲆ޢਮঐ༡੄〇⹊ᐛ֒

ㄏะ䠇δNo.YF(2020)022εχ⸵ⴆ␧ᓜ࡟⭞ളᇬ൦ᯯ㚊ਾᐛぁ⹊ガѣᗹะ䠇(No.SF201906) 

 

 

  

  

mailto:qiulindeng@swust.edu.cn
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Fe(II)ԁሲс㠣㪧⸩⸵⢟⴮䖢਎䗽ぁ㙜ਾ⹭࠼߃䞃㺂Ѱ 

ઞ㔝ẻ 1,2θࡎᝅㄖ 1θ঒㓘⧨ 3θࡎᢵᐻ 1,3,* 
1 ѝഭ、ᆖ䲒ൠ⨳ॆᆖ⹄ウᡰ⧟ຳൠ⨳ॆᆖഭᇦ䟽⛩ᇎ傼ᇔˈ䍥䱣ᐲ㿲ኡ⒆४᷇෾㾯䐟 99 ਧˈ550081 

2 ѝഭ、ᆖ䲒བྷᆖˈेӜᐲ⸣Ჟኡ४⦹⋹䐟 19 ਧˈ100049 
3 ᒯьⴱ、ᆖ䲒⭏ᘱ⧟ຳо൏༔⹄ウᡰˈᒯᐎᐲཙ⋣४ཙⓀ䐟 808 ਧˈ510650 

*Email: liuchengshuai@vip.gyig.ac.cn 

 

㠝㪡⸣ᱟ䞨ᙗ⹧˄As˅⊑ḃ⧟ຳѝ䟽㾱Ⲵ⅑⭏⹧䞨䫱ⸯ⢙ˈᲞ䙽㻛䇔Ѫᱟ䈕⧟ຳѝ⹧Ⲵ䟽㾱≷ѻаǄ

❦㘼ˈਇᒢ⒯ӔᴯǃpHǃӊ䫱⿫ᆀ˄Fe(II)˅৺ྭ≗/়≗ㅹ⧟ຳഐ㍐Ⲵᖡ૽ˈަⸯ⢙㔃ᶴਁ⭏Ღ⴨䖜ਈᱟ੖

Պ֯ᗇ৏ᵜⲴ“≷”ਈᡀ“Ⓚ”ˈӾ㘼ᕅ䎧⹧ⲴҼ⅑⊑ḃቊн␵ᾊǄ൘়≗⧟ຳѝˈ⑨⿫ᘱFe(II)о㔃ᶴᘱFe(III)
Ⲵ⴨ӂ֌⭘ᱟ׳䘋䫱≗ॆ⢙Ღ⴨䖜ਈⲴ䟽㾱傡ࣘ࣋ѻаˈф䈕䗷〻ⴤ᧕ᖡ૽䟽䠁኎ݳ㍐Ⲵ⧟ຳൠ⨳ॆᆖ㹼

ѪǄഐ↔ˈFe(II)Ⲵᆈ൘ਟ㜭ሬ㠤㠝㪡⸣㔃ᶴਁ⭏Ღ⴨䖜ਈǄ❦㘼ˈ়≗ᶑԦлˈሩҾFe(II)䈡ሬ㠝㪡⸣ⸯ⢙

⴨䖜ਈԕ৺䈕䗷〻ሩAsⲴ䗱〫ǃ䖜ॆㅹൠ⨳ॆᆖ㹼ѪⲴᖡ૽ӽ㕪ѿ⨶䀓Ǆ 
Ѫ↔ˈᵜ⹄ウ൘ᇎ傼ᇔਸᡀ㠝㪡⸣Ⲵส⹰кˈ䙊䗷ॆᆖᨀਆǃXሴ㓯㹽ሴ᷀࠶˄XRD ǃ˅Xሴ㓯ݹ⭥ᆀ

㜭䉡˄XPS ǃ˅䘿ሴ⭥䮌˄TEM ǃ˅਼↕䗀ሴXሴ㓯੨᭦ݹ䉡˄XAS ǃ˅ぶᯟ๑ቄ䉡ㅹᢰᵟ᡻⇥ˈ᧒ウҶ়≗

ᶑԦлн਼Fe(II)⎃ᓖሩ㠝㪡⸣ⸯ⢙⴨䖜ਈⲴᖡ૽৺AsⲴ࠶޽䝽㹼ѪᵪࡦǄ㔃᷌㺘᰾ F̍e(II)㜭ཏ䈡ሬ㠝㪡⸣

䖜ਈѪ࢟⹧䫱ⸯ઼≤䫱ⸯˈަ䖜ਈ䙏⦷ᱮ㪇׍䎆ҾFe(II)Ⲵࡍ࿻⎃ᓖˈ䘉ѫ㾱ᖂഐҾ⑨⿫ᘱFe(II)оⸯ⢙㔃ᶴ

ѝFe(III)Ⲵ⭥ᆀՐ䙂֌⭘Ǆަ⅑ˈ൘㠝㪡⸣ⸯ⢙⴨䖜ਈ䗷〻ѝˈ⹧Ⲵ䗱〫ǃ䖜ॆਁ⭏ᱮ㪇ਈॆˈфоFe(II)
⎃ᓖᇶ࠷⴨ޣǄվ⎃ᓖFe(II)׳䘋Asੁⓦ⏢ѝ䗱〫 㘼̍儈⎃ᓖFe(II)׳䘋As䟽ᯠ࠶䝽ࡠਟᨀਆᘱ⴨ ቁ̠䟿As(V)
㻛䘈৏ѪAs(III)ᒦ䟺᭮ࡠⓦ⏢ѝˈф䘈৏֌⭘䲿⵰Fe(II)⎃ᓖⲴ໎࣐㘼໎࣐Ǆᴰਾˈ൘ⸯ⢙䖜ਈ䗷〻ѝˈᡁ

Ԝ⹄ウ㔃᷌䘈ਁ⧠ˈⓦ䀓䟺᭮ⲴAs(V)䙊䗷੨䱴ᡆ䘋ޕ⅑⭏ⸯ⢙㔃ᶴⲴᖒᔿ㻛޽⅑പᇊлᶕˈ䘋㘼䱽վҶަ

⍱ࣘᙗǄк䘠㔃᷌㺘᰾ˈӊ䫱Ⲵᆈ൘Պ࣐䙏㠝㪡⸣ⸯ⢙Ღ⴨䖜ਈˈ਼ᰦ᭩ਈҶⸯ⢙㔃ᶴѝ⹧Ⲵ䍻ᆈ⣦ᘱǄ

ᵜᐕ֌Ѫ䇴ՠ়≗⧟ຳѝ㠝㪡⸣っᇊᙗ৺仾䲙ᙗᨀ׋Ҷ⨶䇪׍ᦞˈᢙኅҶӊ䫱ۜॆ䗷〻ሩ⹧䞨䫱㊫ⸯ⢙ѝ

⹧ൠ⨳ॆᆖ㹼ѪⲴᖡ૽Ⲵ䇔䇶Ǆ 

 

 

ީ䭤䈃˖㠝㪡⸣˗⹧˗ⸯ⢙⴨䖜ਈ˗࠶޽䝽 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(No. 41921004θ42025705θU1701241)θѣള〇ᆜ䲘ࢃ⋵〇ᆜ䠃

⛯亯ⴤ(No. QYZDB-SSW-DQC046) 
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ੇᰛ㪫ሯ䫶Ⲻ〥㍥ૂ䖢䘆ᵰ࡬⹊ガφ৕փ࠼ᐹ਀ԭᘷ 

⧁␁␁ 1θᶄ㘖 1θ⧁ᆽᚈ 1,* 
1 㾯ेᐕъབྷᆖ⭏ᘱ⧟ຳᆖ䲒ˈ䲅㾯ⴱ㾯ᆹᐲ䮯ᆹ४ь⾕䐟 1 ਧˈ710072 

*Email: yuheng.wang@nwpu.edu.cn 

 

䲿⵰ṨᐕъⲴ䗵⥋ਁኅ઼Ṩ⟳ᯉ䴰≲Ⲵᨀ儈ˈӪԜሩҾ䫰ⸯⲴᔰ䟷઼ߦ⛬⍫࣐ࣘࢗˈӗ⭏Ⲵབྷ䟿ቮⸯ

઼ᓏᯉѝⲴ䫰൘䴘≤⏻└Ⲵ֌⭘л䘋ޕ൏༔ˈ䙐ᡀѕጫⲴ൏༔⧟ຳ⊑ḃ䰞仈ǄἽ⢙؞༽䟽䠁኎⊑ḃ൏༔ഐ

ަ㓿⍾⧟ާ؍ᴹᒯ䱄Ⲵᓄ⭘ԧ٬ǄཆⓀᯭ࣐⹵㕃䀓Ἵ⢙䟽䠁኎∂ᇣ˄ྲZnˈCuˈMnㅹ˅Ⲵ֌⭘᭸᷌ᐢ㻛ᒯ

⌋ᣕ䚃ˈնᱟޣҾ⹵ሩἽ⢙䫰∂ᇣᱟ੖ҏާᴹ㊫լ᭸᷌ⴞࡽӽн␵ᾊǄഐ↔ˈᵜ⹄ウԕ䫰⊑ḃἽ⢙؞༽ѝ

ᑨ⭘Ⲵੁᰕ㪥Ѫ⹄ウⴞḷˈ࡙⭘਼↕䗀ሴXሴ㓯㦗ݹ˄XFM˅઼੨᭦ݹ䉡˄XAS˅ሩੁᰕ㪥ṩ䜘઼ਦ䜘ѝ

䫰Ⲵ࠶ᐳ઼ॆᆖᖒᘱ䘋㹼৏սỰ⍻ˈ俆ݸ᧒ウ䫰㛱䘛лੁᰕ㪥ѝ䫰〟㍟৺䖜䘀Ⲵ⢩ᙗˈަ⅑䇴ՠཆⓀ␫࣐

⹵ሩੁᰕ㪥ሩ䫰Ⲵ㛱䘛Ⲵ㕃䀓֌⭘Ǆ⹄ウ㔃᷌ਁ⧠˖ṩ㌫੨᭦Ⲵ䫰俆ݸ㻛䳄⿫൘㺘Ⳟ㓶㜎Ǆ䲿⵰᳤䵢⎃ᓖ

໎࣐ˈ䫰ᔰ࿻ੁṩѝ㔤㇑ᶏ㓴㓷〟㍟Ǆ䲿ਾˈṩ䜘੨᭦Ⲵ䫰⭡ѝཞབྷਦ㜹䖜䘀ࡠਦѝǄ䲿⵰䫰㛱䘛Ⲵᰦ䰤

઼⎃ᓖ໎࣐ˈ䫰൘ਦ⡷ѝ⭡վ䱦ਦ㜹ੁ儈䱦ਦ㜹䙀㓗〟㍟Ǆоབྷ䜘࠶䫰〟㍟൘ਦ㜹ѝ⴨∄ˈਦ㚹㓶㜎ѝ䫰

Ǆ㲭❦࣐⹵ਾ䫰൘Ἵ⢙ࡦṩը䮯઼ἽṚ䮯࣯Ⲵᣁחᐳ䖳ቁǄ↔ཆˈཆⓀᯭ࣐⹵ਟԕᴹ᭸㕃䀓䫰ሩੁᰕ㪥࠶

ѝӽԕU(VI)ᖒᔿᆈ൘ˈն࣐⹵䱽վҶੁᰕ㪥ṩ㌫ሩҾ䫰Ⲵ੨᭦ˈᒦфਦ⡷ѝⲴ䫰㻛പᇊ൘㺘Ⳟ∋ѝǄᵜ⹄

ウ᰾⺞Ҷ䫰൘ੁᰕ㪥㓴㓷ѝⲴ࠶ᐳ઼ԧᘱˈ਼ᰦ俆⅑ਁ⧠⹵ሩҾἽ⢙䫰∂ᇣⲴ䀓∂᭸᷌ˈ⹄ウ㔃᷌ਟѪӺ

ਾ࡙⭘Ἵ⢙؞༽⋫⨶䫰⊑ḃ൏༔ᨀ׋⨶䇪׍ᦞǄ 
 

ީ䭤䈃˖䫰⊑ḃ൏༔˗Ἵ⢙؞༽˗ੁᰕ㪥˗⹵˗৏ս࠶ᐳ  

䍺ࣟ亯ⴤφćളᇬ⎭ཌ儎ቸ⅗Ӱᢃᕋ䘑䇗ࡈĈ䶈ᒪ亯ⴤфѣཤ儎ṗะᵢ〇⹊ѐࣗ䍯

δNo.3102019JC007ε 
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⺡ौ䴬ԭ䫷ৱ䲚≪ѣ AsδIIIεⲺᙝ㜳ެᵰ⨼⹊ガ 

㭗⎭᱄ 1θঘṸᆷ 1,* 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ510006 

*Email: gnlu@foxmail.com 

 
ᵜ⹄ウ䘹⭘୶⭘䫱㊹઼অ䍘⺛㊹䘋㹼⨳⼘ˈപപ৽ᓄа↕ᇎ⧠mZVIⲴ⺛ॆˈ㧧ᗇሩ৫䲔As(III)ެާ儈

⍫ᙗⲴ⨳⼘⺛ॆ䴦ԧ䫱 (S-mZVI) ԕ̍䀓ߣZVIⲴ㠚ഒ㚊䰞仈ᒦᨀ儈ަ䘈৏ᡆ≗ॆ৽ᓄ⍫ᙗ ᧒̍᰾৫䲔As(III)
֌⭘ᵪ⨶Ǆ䙊䗷XANES, SEM-EDS, XRD, XPSㅹ㺘ᖱˈ㔃᷌ᱮ⽪S2-ᱟS-ZVIṧ૱ѝⲴѫ㾱⢙䍘ˈф൷र࠶ᐳ

൘ᶀᯉ㺘䶒Ǆ⭥ॆᆖ㔃᷌㺘᰾ˈоᵚ᭩ᙗⲴZVI⴨∄ˈS-ZVIbmާᴹᴤሿⲴ⭥㦧䖜〫⭥䱫ˈ䘉㺘᰾⺛ॆਟԕ

䱽վ⭥㦧䖜〫⭥䱫ԕ׳䘋⭥ᆀ䖜〫ǄᡰᴹS/Fe∄Ⲵ৫䲔㜭࣋൷䖳 ZVI 仇㋂ᱮ⵰໎ᕪˈቔަᱟS/Fe∄Ѫ0.05
ᰦ㧧ᗇҶᴰᘛⲴAs(III)৫䲔⦷ ӵ̍䴰45minণਟ䗮99.7ࡠ%ǄAs(III)൘䞨ᙗ઼ѝᙗᶑԦлާᴹ䖳ྭⲴ৫䲔ᙗ㜭ˈ

ն൘⻡ᙗᶑԦлާᴹᣁࡦ֌⭘Ǆ৫䲔ᵪ⨶ਟ㜭वᤜ˖˄ 1˅⺛ॆ໎ᕪҶ䴦ԧ䫱Ⲵ㞀㲰䙏⦷ˈ࣐䙏䴦ԧ䫱Ⲵ㞀

㲰ˈ䘉Ӌާᴹབྷ∄㺘䶒〟Ⲵ䠁኎≒≗ॆ⢙ਟԕ䙊䗷ᨀ׋ᴤཊⲴ੨䱴ս⛩ᶕ࣐䙏AsⲴ৫䲔˗˄ 2˅XPS㔃઼᷌

NaOH䀓੨㔃᷌㺘᰾As(III)≗ॆ൘䗷〻ѝਁ⭏Ҷ≗ॆˈ⥌⍻As(III)ਟ㜭㻛аӋ⍫ᙗ⢙䍘≗ॆˈྲ㗏ส㠚⭡ส

(·OH)ǃ䎵≗㠚⭡ส(·O2-)ǃFe(IV)઼䗷≗ॆ≒ˈ␜⚝ᇎ傼䇱᰾Ҷ䗷≗ॆ≒ਟ㜭ᱟ≗ॆⲴ⍫ᙗ⢙⿽ˈަᵪ⨶䴰

㾱ᴤ䘋а↕Ⲵ⹄ウǄS-ZVIbm൘300࠶䫏޵ሩAs(III)Ⲵ㍟〟৫䲔䟿࡛࠶䗮174.6ࡠ mg g-1Ǆ⹄ウ㔃᷌ਟѪ䴦ԧ

䫱৺ަ᭩ᙗᶀᯉᓄ⭘Ҿਜ਼⹧ᓏ≤⊑ḃ⋫⨶ᨀ׋⨶䇪׍ᦞ. 

 

ީ䭤䈃˖⺛ॆ䴦ԧ䫱˗As(III)˗੨䱴≗ॆ˗৫䲔ᵪ⨶ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇δNo.42077114 and 41771346εχ ᒵђ⢯᭥䇗ࡈᵢൕࡑ᯦ࡑѐഘ

䱕亯ⴤδNo.2019BT02L218ε 
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ᴿᵰ⻩൞уੂ䖢ौ䱬⇫Ⲻ䫷≝ौ⢟рⲺരᆎ਀ᗤ㿸グ䰪࠼ᐹ⢯ᖷφ䬓

਌ԙⲺᖧଃ 

⿅ࡎ 1θз⌳㚠 1θঘ䱩 2θ⸩ᥥ␻ 1,* 
1 ॾই⨶ᐕབྷᆖˈᒯᐎᐲ⮚⿪४ᒯᐎབྷᆖ෾ˈ510006 

2 ⭏ᘱ⧟ຳ䜘ॾই⧟ຳ、ᆖ⹄ウᡰˈᒯᐎᐲཙ⋣४ઈᶁ㾯㺇гਧབྷ䲒ˈ510655 

*Email: zqshi@scut.edu.cn 

൏༔ᴹᵪ䍘˄SOM˅ᱟൠ㺘䟽㾱Ⲵ䱶ൠᴹᵪ⻣ᓃˈަっᇊᙗሩى≄⨳ޘਈॆާᴹᱮ㪇ᖡ૽Ǆ䫱≗ॆ⢙

֌Ѫ൏༔ѝᑨ㿱Ⲵⸯ⢙ሩSOMⲴപᆈਁᥕ⵰䟽㾱֌⭘ǄަѝˈᕡᲦරⲴ䫱≗ॆ⢙ˈྲ≤䫱ⸯˈ⭡Ҿަ∄㺘

䶒〟བྷǃ㺘䶒⍫ᙗս⛩ཊˈ㜭ᇼ䳶བྷ䟿Ⲵᴹᵪ⻣[1]Ǆ൘㠚❦⧟ຳѝˈ≤䫱ⸯᇩ᱃ੁᲦර䫱ⸯ⢙䖜ॆˈӾ㘼ሩ

ᴹᵪ䍘Ⲵ⧟ຳ㹼Ѫ䙐ᡀᖡ૽[2]Ǆ䫱≗ॆ⢙䖜ॆ䗷〻ᖰᖰդ䲿⵰ަᆳݳ㍐˄ྲ䬍[3]˅Ⲵ৲оˈնᱟˈⴞࡽӽн

␵ᾊ䬍Ⲵᆈ൘ྲօᖡ૽䫱≗ॆ⢙䖜ॆ䗷〻ѝᴹᵪ⻣Ⲵപᆈ઼ᗞ㿲オ䰤࠶ᐳ⢩ᖱǄᵜ⹄ウᇊ䟿᷀࠶Ҷн਼䖜

ॆ䱦⇥Ⲵ䬍ਆԓⲴ䫱≗ॆ⢙ሩᴹᵪ⻣Ⲵ੨䱴䗷〻ˈᒦ㔬ਸ䘀⭘ཊ⿽㺘ᖱ᡻⇥൘㓣㊣઼ӊ㓣㊣ቪᓖኅ⽪Ҷᴹ

ᵪ⻣൘䫱≗ॆ⢙кⲴᗞ㿲オ䰤࠶ᐳ⢩ᖱǄॆᆖᇎ傼㔃᷌ᱮ⽪ˈ䬍ਆԓ໎࣐Ҷ≤䫱ⸯሩᴹᵪ⻣Ⲵ੨䱴㜭࣋Ǆ

⨳ᐞṑ↓ᢛ᧿䘿ሴ⭥ᆀᱮᗞ䮌˄Cs-STEM˅઼Xሴ㓯㹽ሴ˄XRD˅㔃᷌㺘᰾ˈ䬍ਆԓ᰾ᱮ߿㕃Ҷ≤䫱ⸯⲴ

䖜ॆ䙏ᓖˈᒦф֯ᗇ䖜ॆӗ⢙Ӿ㨡ᖒ䎔䫱ⸯ䖜ਈѪờᖒ઼ശⴈ⣦䎔䫱ⸯǄᡁԜ䘋а↕࡙⭘⭥ᆀ㜭䟿ᦏཡݹ

䉡˄EELS˅᨝⽪Ҷ㗗ส⻣Ոݸ੨䱴൘䫱≗ॆ⢙Ⲵ㺘䶒ˈӾ㘼ᖒᡀᴹᵪ䍘-ⸯ⢙⭼䶒޵ቲˈ㘼㣣俉᯿⻣ࡉѫ㾱

㔃ਸ൘ᴹᵪ䍘-ⸯ⢙⭼䶒ཆቲǄ䘉а㔃᷌᭟ᤱҶࡽӪᨀࠪⲴᴹᵪ⻣൘ⸯ⢙к䙀ቲਐ࣐ⲴĀ⌻㪡ā⁑ර[4]Ǆᵜ

⹄ウ㔃᷌ᴹࣙҾ䱀᰾൘䬍ᆈ൘Ⲵᛵߥлˈ䫱≗ॆ⢙䖜ॆ䗷〻ѝᴹᵪ⻣ⲴപᆈᵪࡦˈӾ㘼ᴹࣙҾ߶⺞ൠ⁑ᤏ

઼亴⍻ᴹᵪ⻣Ⲵ⧟ຳ㹼ѪǄ 
മ. 1 Alਆԓ≤䫱ⸯ䖜ॆ䗷〻ᴹᵪ⻣㓴࠶オ䰤࠶ᐳ⽪᜿മ 

ީ䭤䈃˖䫱≗ॆ⢙˗ᴹᵪ⻣˗䬍˗䖜ॆ˗オ䰤࠶ᐳ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(No. 42025701, 41977018, 41931288) 

৸㘹ᮽ⥤ 

[1] Kleber M, et al. Poorly crystalline mineral phases protect organic matter in acid subsoil horizons. European Journal of Soil 

Science, 2005, 56(6): 717-725. 

[2] ᆻᰝ᱅, ਼ࡈᰝ. ൏༔䫱ⸯ⢙ᖒᘱ䖜ॆᖡ૽ᴹᵪ⻣പᇊ⹄ウ䘋ኅ. ⭏ᘱᆖᣕ, 2021. 

[3] Kim J, et al. 2H and 27Al solid-state NMR study of the local environments in Al-doped 2-line ferrihydrite, goethite, and 

lepidocrocite. Chemistry of Materials, 2015, 27(11): 3966-3978. 

[4] Chasse A W, et al. Chemical force spectroscopy evidence supporting the layer-by-layer model of organic matter binding to 

iron (oxy)hydroxide mineral surfaces. Environmental Science and Technology, 2015, 49(16): 9733-9741.  
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䫷⺡䘎৕␭ਾ㨂ሯ᯳≅⸵⢟Ⲻ䘎৕⓬䀙֒⭞ 

 

  

ḥᑮṁ 1θ䜣ᾐ⧨ 1,*θސᘍ 1,* 
1 ॾই⨶ᐕབྷᆖˈᒯьⴱᒯᐎᐲ⮚⿪४བྷᆖ෾ཆ⧟ь䐟 382 ਧˈ510006 

*Email: chzdang@scut.edu.cn; clguo@scut.edu.cn 

 

ᯭ∿ⸯ⢙ᱟа⿽൘䞨ᙗⸯኡᓏ≤ (AMD) ⊑ḃ⧟ຳѝⲴᑨ㿱䫱⺛䞨ⴀ⅑⭏ⸯ⢙Ǆⴞࡽˈ㓟ษޫ䫱䘈৏

㧼˄FeRB˅ᡆ⺛䞨ⴀ䘈৏㧼˄SRB˅ӻሬᯭ∿ⸯ⢙䖜ॆᵪ⨶ᐢᴹ䖳ཊ⹄ウ[1-3]Ǆ❦㘼ˈFeRB઼SRB൘⧟ຳѝ

ᒯ⌋ᆈ൘ ᆳ̍Ԝޡᆈᰦሩᯭ∿ⸯ⢙䖜ॆⲴᵪࡦቊн␵ᾊǄᴥ ⹄ウ䈳ḕҶޡษޫ Shewanella oneidensis (FeRB) 
઼ Desulfosporosinus meridiei (SRB) ሩᯭ∿ⸯ⢙Ⲵ䘈৏֌⭘ԕ৺ᯭ∿ⸯ⢙Ⲵⸯ⢙ᆖ䖜ॆǄ㔃᷌㺘᰾ˈFeRB
઼SRBӻሬᯭ∿ⸯ⢙䘈৏ਟ࠶Ѫєњн਼Ⲵ䱦⇥˖ࡍ࿻䱦⇥˄7 d޵˅̍ ԕFeRBѪѫሬՈ࣯ˈ䘈৏ᯭ∿ⸯ⢙

ѝⲴFe3+ ᒦ̍դ䲿SO42-Ⲵ䟺᭮ 䖜̍ॆⲴⸯ⢙ѫ㾱ᱟ㬍䫱ⸯ ㅜ̠Ҽ䱦⇥˄ 7 dਾ˅̍ SRBᔰ࿻ᡀѪՈ࣯㧼 ሶ̍ SO42-

䘈৏ѪS2-ˈ⭏ᡀⲴⸯ⢙䲔㬍䫱ⸯཆˈ䘈वᤜ傜ส䈪ⸯ (FeS) ઼㨡䫱ⸯǄ䙊䗷ᇊ䟿PCR⍻ᇊᗞ⭏⢙ⲴѠᓖ઼

䫱ᡆ⺛䞨ⴀ䘈৏⴨ޣสഐˈԕ৺䘿ሴ⭥ᆀᱮᗞ䮌-㜭䟿㢢ᮓݹ䉡˄TEM-EDS˅㿲ሏ㓶㜎޵ཆⸯ⢙㚊䳶઼㓶㜎

ᦏՔᛵߥǄо㓟ษޫ⴨∄ ษޫѝFeRB઼SRBⲴѠᓖ䖳վޡ̍ 㓶̍㜎ᦏՔ䖳Ѫѕ䟽 㓶̍㜎޵ཆⸯ⢙䍘˄ ྲFeS˅
㚊䳶䖳ཊˈ㺘᰾ޡษޫFeRB઼SRBӗ⭏Ⲵⸯ⢙ਟ㜭Պ䲀ࡦ㓶㜎Ⲵ⭏䮯˗о↔਼ᰦˈޡษޫѝо䫱䘈৏⴨ޣ

ⲴcymAǃomcA઼mtrCBAⲴ䖜ᖅ≤ᒣᲞ䙽л䈳ˈ㘼⺛䞨ⴀ䘈৏สഐ˄satǃaprABǃdsr(C)˅Ⲵ䖜ᖅ≤ᒣ੸⧠

к䈳䎻࣯ 㺘̍᰾SRBⲴᆈ൘н࡙Ҿᔲॆ䫱䘈৏ 㘼̍FeRBⲴᆈ൘࡙ࡉҾᔲॆ⺛䞨ⴀ䘈৏ǄSRBӗ⭏ⲴS2-оFeRB
ㄎҹ䘈৏Fe3+ҏਟ㜭ᱟᖡ૽FeRB⭏䮯઼สഐ㺘䗮ᛵߥⲴ৏ഐѻа˗SRB൘ަѠᓖᴹ䲀ᰦ䙊䗷к䈳⺛䞨ⴀ䘈

৏⴨ޣสഐ㺘䗮ᶕӻሬ⺛䞨ⴀ䘈৏ˈ䘉ਟ㜭ᱟᓄሩཆ䜘㛱䘛Ⲵа⿽ㆆ⮕Ǆ䘉Ӌਁ⧠ᴹࣙҾᴤྭൠ⨶䀓⧟ຳ

ѝᗞ⭏⢙ӻሬᯭ∿ⸯ⢙䘈৏Ⲵ䗷〻઼ᵪࡦǄ 

              
മ1. ޡษޫFeRB઼SRBሩᯭ∿ⸯ⢙Ⲵ䖜ਈᵪࡦ 

ީ䭤䈃˖ᯭ∿ⸯ⢙ˈޡษޫˈ䫱䘈৏㧼ˈ⺛䞨ⴀ䘈৏㧼 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇ള䱻ਾ֒фӚ⍷亯ⴤδNo.417204004ε 

৸㘹ᮽ⥤ 

[1] Cutting RS, Coker VS, Telling ND, Kimber RL, van der Laan G, Pattrick RAD, Vaughan DJ, Arenholz E, Lloyd JR . 
Microbial reduction of arsenic-doped schwertmannite by Geobacter sulfurreducens. Environ Sci Technol, 2012, 
46(22):12591-12599. 

[2] Wan J, Guo C, Tu Z, Zeng Y, Fan C, Lu G, Dang Z . Microbial reduction of Cr (VI) -loaded schwertmannite by 
Shewanella oneidensis MR-1. Geomicrobiol J, 2018, 35(9):727-734. 

[3] Zhang Y, Gao K, Dang Z, Huang W, Reinfelder JR, Ren Y . Microbial reduction of As(V)-loaded schwertmannite by 
Desulfosporosinus meridiei. Sci Total Environ, 2021, 764:144279. 



ㅜйቺⸯኡ⧟ຳ⊑ḃо؞༽ᆖᵟ⹄䇘Պ᪈㾱䳶 
 

21 
 
 

⭕⢟䍞/ZIFs п㔪ᶆᯏⲺ࡬༽਀ެሯᓕ≪Ⲻ␧ᓜ༺⨼ 

 

  

㖍䱾㦿 1θ䛉、᷍ 1,*θ哺Ᲊᷡ 2θ㖍⩪ 2θᔌ䖿Օ 2θ䉣ᇅᯂ 2θ㪙ਇच 1,* 
1 㾯ই、ᢰབྷᆖ ᶀᯉоॆᆖᆖ䲒ˈѝഭ㔥䱣䶂嗉བྷ䚃 59 ਧˈ621010 
2
㾯ই、ᢰབྷᆖ ᶀᯉоॆᆖᆖ䲒ˈѝഭ㔥䱣䶂嗉བྷ䚃 59 ਧˈ621010 

*Email: qiulingdeng@swust.edu.cn 

䲿⵰Ṩᐕъǃ⭥䭰㹼ъ઼ঠḃ㹼ъⲴਁኅˈнਟ䚯ݽվሬ㠤᭮ሴᙗṨ㍐ᓏ≤ǃḃᯉᓏ≤઼䟽䠁኎ᓏ≤

⍱ޕҶ㠚❦⧟ຳѝˈሩ⭏ᘱᒣ㺑ᑖᶕҶѕ䟽Ⲵ⹤ൿǄഐ↔ˈ᧒㍒аᶑԕᓏ⋫ᓏⲴㆆ⮕ᶕ਼ᰦᇎ⧠ᓏ⢙Ⲵ࡙

⭘઼ᓏ≤Ⲵ⋫⨶ᱟॱ࠶ᴹ᜿ѹⲴǄᵜ䈮仈ԕਟ޽⭏Ⲵᓏᔳ⭏⢙䍘ᶀᯉ઼ཊ࣏㜭Ⲵ㊫⋨⸣૚ୁ僘ᷦॆਸ⢙

˄ZIFs˅Ѫѝᗳˈ䘋㹼ҶྲлⲴ⹄ウ˖ 
˄1˅ѪҶᇎ⧠ᓏᔳ⭏⢙䍘Ⲵഎ᭦࡙⭘ˈ䟷⭘㠚㓴㻵⌅઼ڦ㚄༷ࡦ࡛࠶⌅ࡲҶа⿽⭡а㔤ࠩࠨἂ˄Pal˅

઼й㔤ḊᆀⳞ˄PP˅ᶴᡀⲴᯠර༽ਸᶀᯉPP/Pal઼ PP/KPalˈ⭘ҾӾ≤ⓦ⏢ѝ৫䲔䫰˄U(VI) Ǆ˅⹄ウҶPP઼
Pal䍘䟿∄ǃ⑙ᓖǃᰦ䰤ǃࡲ䟿ǃpH઼⿫ᆀᕪᓖㅹᶑԦ൘੨䱴U(VI)䗷〻ѝⲴᖡ૽Ǆ਼ᰦˈ䙊䗷ࣘ࣋ᆖ᷀࠶

Ҷ੨䱴㹼Ѫ ᒦ࡙̍⭘ㅹ⑙㓯⁑ර䇴ՠҶᴰབྷ੨䱴㜭࣋Ǆ൘25 ႏǃpHѪ6.0ᶑԦл P̍P/Pal઼ PP/KPal൘150 min
Ѫ370.5 mg·g-1઼357.3 mg·g-1Ǆ↔ཆˈ✝࣋ᆖ䇑㇇㔃᷌㺘᰾PPǃPP/Pal઼࡛࠶ሩU(VI)Ⲵᴰབྷ੨䱴ᇩ䟿޵
PP/KPalሩU(VI)੨䱴ᱟ㠚ਁⲴᒦդ䲿⵰੨✝Ǆ੨䱴䗷〻ѝ䶉⭥੨ᕅǃ㺘䶒㔌ਸ઼⿫ᆀӔᦒ䎧⵰㠣ޣ䟽㾱Ⲵ֌

⭘Ǆо↔਼ᰦˈُࣙҾḊᆀⳞнⓦҾ≤Ⲵᙗ䍘ˈ༽ਸᶀᯉਟԕ䙊䗷ㆰঅⲴ䗷└ᖸᇩ᱃ൠӾ≤ѝ࠶⿫ˈᡰࡦ

༷ⲴPP/Pal༽ਸᶀᯉ൘༴⨶ਜ਼ᴹU(VI)Ⲵᓏ≤ᯩ䶒ᴹ䶎ᑨབྷⲴ▌࣋Ǆ 
˄2˅ѪҶ᧒㍒൘⭥䭰ᓏ≤ੁۜॆࡲ䖜ਈ䗷〻ѝ䠁኎⿫ᆀ∄ֻሩۜॆࡲᖒ䊼Ⲵᖡ૽ˈᵜᐕ֌䙊䗷ԕн਼

∄ֻҼݳ䠁኎⿫ᆀⓦ⏢༷ࡦҶཊ⿽ᖒ䊼ⲴZn/Coৼ䠁኎㊫⋨⸣૚ୁ僘ᷦॆਸ⢙˄ZIF-ZnCo Ǆ˅ݹ䉡⍻䈅㔃᷌

㺘᰾ˈᡰ༷ࡦⲴй㔤Ӕ৹⣦Zn/Coৼ䠁኎ZIFsᶀᯉ˄ZIF-ZnCo-8:1˅оZIF-8Ⲵ⴨∄ˈަ⭥ᆀ-オイሩⲴ༽ਸ䙏

⦷ᴤվˈᴹ࡙ҾॆۜݹⲴᨀॷǄॆۜݹ䘈৏Cr(VI)ᇎ傼䇱᰾ˈZIF-ZnCo-8:1Ⲵ㜭࣋⴨∄ҾZIF-8ᨀॷ22%Ǆሩ

ḃᯉ˄᷌ࡊ㓒(CR)˅઼䠁኎˄Cr(VI)˅␧ਸⓦ⏢Ⲵॆۜݹ䱽䀓ᇎ傼㺘᰾ˈ᳇༴⨶䗷〻ѝCR㻛ᆼޘ੨䱴ˈ㘼

Cr(VI)൘㓿শ120 min᳇༴⨶䗷〻઼240 minॆۜݹਾ㻛৫䲔70%Ǆഐ↔ˈ儈੨䱴઼ॆۜݹᇩ䟿㺘᰾Ҷй㔤Ӕ

৹⣦ZIF-ZnCo-8:1Ⲵ▌൘ᓄ⭘ˈ਼ᰦѪཊ䠁኎ᓏ⏢༷ࡦZIFsᨀ׋Ҷ⨶䇪᭟ᤱǄ

 

മ 1 U(VI)੨䱴Ⲵѫ㾱ᵪ⨶⽪᜿മ 

 
മ 2 ZIF-ZnCo-8:1 䘈৏ॆۜݹ Cr(VI)ᵪ⨶മ

ީ䭤䈃˖ḊᆀⳞ˗ZIFs˗ᓏ≤༴⨶˗੨䱴˗ॆۜݹ 

䍺ࣟ亯ⴤφ㾵঍〇ᢶཝᆜ㠠❬〇ᆜะ䠇δNo.15zx7125εȽ⬤⿅δ䳼ഘεᴿ䲆ޢਮঐ༡੄〇⹊ᐛ

֒ㄏะ䠇δNo.YFδ2020ε022εȽളᇬ൦ᯯ⸵ⴆ␧ᓜ࡟⭞㚊ਾᐛぁ⹊ガѣᗹะ䠇δNo.SF201906ε

㾵঍〇ᢶཝᆜ⧥ູਁླ㜳Ⓠᶆᯏളᇬ䠃⛯ᇔ僂ᇚ㠠ѱ⹊ガ亯ⴤδNo.19fksy0112εȾ 
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⓬䀙ᘷ Mn(III)ԁሲⲺ൦⨹ौᆜ䗽ぁ:Ӑどᘷ⢟〃Ⲻ㙜ਾᗠ⧥ 

⧁᱕᱕ 1θ⊠ᇬᇬ 1θ䱼ம♐ 1θ▎⌳ⵕ 1θ⧁ỉ㩂 1* 
1 ༽ᰖབྷᆖ⧟ຳ、ᆖоᐕ〻㌫ˈк⎧ᐲ␎⋚䐟 2005 ਧ༽ᰖབྷᆖ⊏⒮ṑ४⧟ຳ、ᆖᾬˈ200438 

*Email: zimengw@fudan.edu.cn 

 

⭡Ҿⓦ䀓ᘱMn(III)⢙⿽ᇩ᱃↗ॆˈަ൘䭠ൠ⨳ॆᆖᗚ⧟ѝⲴ֌⭘ᴮ䮯ᵏ㻛ᘭ㿶ˈն䘁ᒤᶕⲴ⹄ウਁ⧠

ᆳᲞ䙽ᆈ൘Ҿཊ⿽ཙ❦≤⭏㌫㔏ѝˈᒦᢞ╄⵰䟽㾱Ⲵ≗ॆ䘈৏ѝ䰤փⲴ䀂㢢Ǆⓦ䀓ᘱMn(III)ᰒਟ֌Ѫ⭥ᆀ

ਇփҏਟԕ֌Ѫ⭥ᆀ׋փˈᖡ૽Ҷཊ⿽ݳ㍐Ⲵൠ⨳ॆᆖᗚ⧟䗷〻[1, 2]Ǆሩൠл≤⧟ຳѝMnˈAs઼Sѻ䰤༽ᵲ

≗ॆ䘈৏㙖ਸ৽ᓄⲴ䘿ᖫ⨶䀓ӽ❦ਇ䱫ҾᆳԜཊṧⲴӊっᘱѝ䰤⢙⿽ᖒᔿǄ⺛ॆ⹧ⸯ⢙൘ਇࡠ㠚❦ᡆӪѪ

⍫ࣘⲴᒢᢠᰦˈՊ䙷ࡠ≗≄઼⍫ᙗйԧ䭠ㅹ≗ॆࡲˈ䘉Ӌ䶎⭏⢙⴨ӂ֌⭘ྲօᖡ૽ⸯ⢙ⓦ䀓৺⹧઼⺛Ⲵ䖜

ॆˈⴞࡽቊн␵ᾊǄഐ↔ˈᡁԜ᧒ウҶ൘়≗઼ᴹ≗ᶑԦлⓦ䀓ᘱ Mn(III)઼പᘱ≤䭠ⸯ(¤-MnIIIOOH)ሩ䳼

哴 (As2S3) ઼䳴哴 (AsS) ⓦ䀓㹼ѪⲴᖡ૽Ǆ൘↔⁑ර㌫㔏ѝ M̍n-As-Sѻ䰤Ⲵཊ䟽⴨ӂ֌⭘Ⲵᗇԕ䀓ᶴǄ(ხ) 
Mn-S⴨ӂ֌⭘Ǆⓦ䀓ᘱ઼പᘱMn(III)⢙⿽䜭㜭≗ॆ䳼哴઼䳴哴ⓦ䀓ӗ⭏Ⲵ⺛ॆ⢙Ѫݳ㍐⺛ˈަᒦн㜭㻛

Mn(III)⢙⿽䘋а↕≗ॆǄ൘䘁ѝᙗᶑԦлˈ⺛ॆ⢙઼Mn(III)ѻ䰤Ⲵ⴨ӂ֌⭘ᱮ㪇࣐ᘛҶ≤䭠ⸯⲴ䘈৏ⓦ䀓

䗷〻Ǆ(ჯ��As-S⴨ӂ֌⭘Ǆ൘䳼哴઼䳴哴ⓦ䀓ӗ⭏Ⲵਜ਼⹧⺛ॆ⧟ຳѝˈ⺛ԓ⹧䞨ⴀⲴᖒᡀ֯ᗇ⹧઼⺛ݳ㍐Ⲵ

䖜ॆ䗷〻ਈᗇᴤ࣐༽ᵲˈҏѪⓦ䀓ᘱMn(III)׳䘋⺛ॆ⹧ⸯ⢙ⓦ䀓䗷〻ѝ⹧䞨ⴀ઼⺛䞨ṩⲴ਼ᰦབྷ䟿㍟〟ᨀ

ჰ��Mn-As⴨ӂ֌⭘Ǆ়�Ҷਸ⨶Ⲵ䀓䟺Ǆ׋ ≗ᶑԦл 䳼̍哴઼䳴哴ⓦ䀓ӗ⭏Ⲵӊ⹧䞨ⴀᒦн㜭㻛ⓦ䀓ᘱMn(III)
઼പᘱMn(III)≤䭠ⸯ≗ॆǄ�ჱ��Mn-As-S⴨ӂ֌⭘Ǆ൘়≗ᶑԦлˈⓦ䀓ᘱMn(III)㜭ሶ䳼哴઼䳴哴ⓦ䀓䗷〻

ӗ⭏Ⲵ⺛ԓӊ⹧䞨ⴀ≗ॆѪӊ⹧䞨ⴀ઼ݳ㍐⺛Ǆ㘼൘ᴹ≗ᶑԦлˈⓦ䀓ᘱMn(III)઼≗≄Ⲵ਼ᰦ֌⭘ˈਟԕ

ሶ⺛ԓӊ⹧䞨ⴀ≗ॆѪ⺛䞨ṩ઼⹧䞨ⴀǄ↔⹄ウ㔃᷌Ѫൠл≤⧟ຳѝཊݳӊっᘱݳ㍐ѻ䰤Ⲵ༽ᵲ㙖ਸᗚ⧟

䗷〻ᨀ׋Ҷᴹ⳺Ⲵ㿱䀓ˈҏѪवᤜᇎ䱵൪ൠ⹄ウ൘޵Ⲵ⧟ຳ⴨ޣ㌫㔏ѝⲴ≗ॆ䘈৏䗷〻ᨀ׋ҶᯠⲴ㿶䀂Ǆ 
 

 
മ. 1 ⓦ䀓ᘱMn(III)ᆈ൘ᶑԦл䳼哴઼䳴哴Ⲵⓦ䀓䗷〻৺ѝ䰤ӗ⢙Ⲵ䖜ॆᵪ⨶ 

ީ䭤䈃˖ⓦ䀓ᘱMn(III)˗⹧˗⺛˗䳴哴˗䳼哴 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(No.41977266) 

৸㘹ᮽ⥤ 

[1] Madison A S, Tebo B M, Mucci A, et al. Abundant Porewater Mn(III) Is a Major Component of the Sedimentary Redox System [J]. 

Science, 2013, 341(6148): 875-8. 

[2] Wang Z, Xiong W, Tebo B M, et al. Oxidative UO2 dissolution induced by soluble Mn(III) [J]. Environ Sci Technol, 2014, 48(1): 

289-98. 
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⭕⢟䍞ᓕᔹ⢟֒Ѱ␻⌷䘎৕ࡸ⻷ौ❏✝䫷ቴ⸵ഔ᭬䫷䍺Ⓠ 

䛉䠇⧥ 1θᆷሱᆿ 1,*θ䱾ిᇒ 1θ䛧ളᕰ 1θᕖ啄ݹ 1θ⧁䙮 1 
1 ᒯьᐕъབྷᆖ⧟ຳ、ᆖоᐕ〻ᆖ䲒ˈᒯᐎˈ510006 

*Email: ningxunan666@126.com  

 

䫒䫱ᐕъ⭏ӗԕ➔Ѫѫ㾱䘈৏ࡲⲴ⻱ॆ❉✗໎࣐ᡀᵜᒦ䙐ᡀ⧟ຳ⊑ḃ[1]Ǆഐ↔ˈ⹄ウ⭏⢙䍘ᓏᔳ⢙֌Ѫ

䘈৏ࡲӾվ࡙⭘⦷Ⲵ䫱ቮⸯѝഎ᭦䫱䍴Ⓚ[2]ˈሩᇎ⧠⻣߿ᧂ઼㔯㢢࡙⭘ާᴹ䟽㾱᜿ѹ[3]Ǆ൘䘉亩⹄ウѝˈ㌫

㔏ൠ⹄ウҶᶕ㠚᷇ߌᓏᔳ⢙Ⲵ⭏⢙䍘˄ѫ㾱ᱟ✝䀓≄փ˅֌Ѫ䘈৏ࡲሩ⻱ॆ❉✗䗷〻ѝ䫱ቮⸯ䖜ॆѪ⻱䫱

ⸯⲴᖡ૽Ǆ↔ཆˈ䙊䗷TGǃXRDǃBETㅹᯩ⌅᷀࠶Ҷ⭏⢙䍘Ⲵ✝࠶䀓ǃ䫱ቮⸯⲴ⴨ਈ઼ᗞ㿲㔃ᶴ╄ਈˈ䱀

᰾Ҷ⭏⢙䍘✝䀓≄׳䘋䫱ቮⸯѝ䎔䫱ⸯ⻱ॆⲴ䖜ॆᵪ⨶Ǆ㔃᷌㺘᰾ˈᵘ䍘⭏⢙䍘ᱟᴤ䘲ਸ⻱ॆ❉✗Ⲵ䘈৏

䫱૱ս62.04%ࡠ䖜ॆѪ⻱䫱ⸯⲴᴰ֣⑙ᓖǄ䙊䗷⻱䘹ᗇޘCᱟ⭏⢙䍘ᓏᔳ⢙䘈৏❉✗ሶ䎔䫱ⸯᆼ° 650˗ࡲ
઼䫱എ᭦⦷95.29%Ⲵ㋮ⸯˈ価઼⻱ॆᕪᓖ⭡䫱ቮⸯⲴ0.60 emu/gᨀ儈58.03ࡠ emu/gǄ൘⻱ॆ❉✗䗷〻ѝˈྲ

മ1ᡰ⽪ˈ⭏⢙䍘ӗ⭏ⲴCO઼H2ሶቮⸯ仇㋂ѝⲴ䎔䫱ⸯӾࡠ޵ཆ䘈৏ˈᖒᡀᇼᴹᗞ㻲䳉Ⲵᶮᮓ㔃ᶴˈᴹ࡙

Ҿਾ㔝Ⲵ⹤⺾઼⻱䘹࠶⿫᫽֌Ǆ䘉亩⹄ウѪ⭏⢙䍘൘䎔䫱ⸯ㊫ⸯ⢙䍴Ⓚॆ࡙⭘ᨀ׋ҶᯠⲴ৲㘳ˈኅ⽪Ҷ⭏

⢙䍘൘䫱ቮⸯ䍴Ⓚ࡙⭘ѝ㢲㜭߿ᧂⲴ▌࣋Ǆ 
 

 
മ. 1 ⭏⢙䍘⻱ॆ❉✗എ᭦䫱ቮⸯѝ䫱Ⲵᵪ⨶⽪᜿മ 

 

ީ䭤䈃˖䫱ቮⸯ˗⭏⢙䍘≄˗⻱䘹˗⴨ਈ˗≄փӗ⢙ 

䍺ࣟ亯ⴤφཝᇓኧቴ⸵ᰖᇩौ༺⨼਀㔲ਾࢃ⭞࡟ᵕ⹊ガ亯ⴤδNo.18HK0108θ2018.1-2021.12θ

2017ᒪൕ༚ѣཤщ亯䍺䠇ε 

৸㘹ᮽ⥤ 

[1] Roy, S.K., et al. A review on the enrichment of iron values of low-grade Iron ore resources using reduction 

roasting-magnetic separation. Powder Technology, 2020, 367: 796-808. 
 .ഭⸯӗ䍴Ⓚ㢲㓖о㔬ਸ࡙⭘ᣕ੺(2018).ѝഭഭ൏䍴Ⓚ㓿⍾,2019,32(01):2ޘ [2]

[3] Wei, R., et al. Coupled biomass (lignin) gasification and iron ore reduction: A novel approach for biomass conversion and 

application. Energy, 2017, 140:406-414. 
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⼭⸩㟅ሯ䫶⸵ඇ≪ѣ䫶Ⲻ੮䱺/⸵ौ⹊ガ 

ཅ䴠 1,2,3θ㪙ਇच 2,3,*θ㙸ቅ⩪ 3,4,5,*θ▎ᆷ 3,4,5θࡎ⭻ 1,3θ⧁ੑ⧨ 3,5θ傢ᱛᖜ 3,5θ

ᔌᘍឝ 1,2,3θᲥ؀ॽ 5 

1
㾯ই、ᢰབྷᆖ⧟ຳо䍴Ⓚᆖ䲒ˈഋᐍ㔥䱣 621010 

2
㾯ই、ᢰབྷᆖപփᓏ⢙༴⨶о䍴Ⓚॆᮉ㛢䜘䟽⛩ᇎ傼ᇔˈഋᐍ㔥䱣 621010 

3
㾯ই、ᢰབྷᆖṨᓏ⢙о⧟ຳᆹޘॿ਼ࡋᯠѝᗳˈഋᐍ㔥䱣 621010 

4
㾯ই、ᢰབྷᆖṨᓏ⢙о⧟ຳᆹޘഭ䱢䟽⛩ᆖ、ᇎ傼ᇔˈഋᐍ㔥䱣 621010 

5
㾯ই、ᢰབྷᆖഭ䱢、ᢰᆖ䲒ˈഋᐍ㔥䱣 621010  

*Email: fqdong@swust.edu.cn (F. Dong), niexiaoqin@swust.edu.cn (X. Nie) 

 

䫰ⸯᔰ䟷䗷〻Պӗ⭏а㊫䫰ਜ਼䟿䖳վǃ⿫ᆀ⿽㊫䖳ཊⲴ䫰ⸯඁ≤Ǆ੨䱴⌅⭡Ҿᡀᵜվǃ䘲ᓄᙗᒯ઼⧟

ຳ৻ྭㅹՈ⛩ᑨ㻛⭘Ҿ߰ॆਜ਼䫰ᓏ≤Ǆ⼧⸣㞿˄PG˅ᱟ⒯⌅⼧䞨⭏ӗ䗷〻ѝӗ⭏Ⲵപփᓏ⢙ [1]ˈާᴹ㢟ྭ

Ⲵ੨䱴ᙗ㜭ˈ⼧⸣㞿ѝⲴਟⓦᙗ⼧᱃о䫉⿫ᆀ઼䫰䞠⿫ᆀᖒᡀнⓦᙗ䫉ⴀ[2]ˈਟ֌Ѫ᭮ሴᙗݳ㍐Ⲵ੨䱴ࡲˈ

ᓄ⭘ҾḀӋᐕъᓏ≤༴⨶઼⧟ຳ⊑ḃ༴⨶ˈᇎ⧠ਈᓏѪᇍ[3]Ǆ 
ᵜ᮷⹄ウҶ⼧⸣㞿ሩ䫰[U(VI)]Ⲵ੨䱴ᙗ㜭઼੨䱴ᵪ⨶Ǆަ ሩ U(VI)Ⲵ੨䱴䗷〻ѫ㾱Ѫঅቲॆᆖ੨䱴 ੨̍

䱴ᇩ䟿Ѫ 76.0 mg g-1˄ pH=6.0 Ǆ˅਼ ᰦ ⼧̍⸣㞿ሩ U(VI)Ⲵ੨䱴нਇᓏ≤ѝޡᆈ䱤⿫ᆀ˄ NO3-ǃF-ǃCl-ǃPO43-˅

઼Ҽԧ䠁኎䱣⿫ᆀ˄Ca2+ǃBa2+ǃSr2+ǃNi2+˅ⲴᒢᢠǄն SO42-Պо U(VI)ԕ㔌ਸ⿫ᆀⲴᖒᘱᆈ൘ˈᖡ૽⼧

⸣㞿ሩަⲴ੨䱴᭸⦷Ǆപ⺛⚠⑓ਜ਼ᴹབྷ䟿Ⲵ䫉䍘പ⺛ࡲˈ␫࣐ቁ䟿പ⺛⚠⑓ᴹ࡙Ҿ⼧⸣㞿ሩ䫰Ⲵ੨䱴Ǆ࡙

⭘⼧⸣㞿༴⨶ⵏᇎ䫰ⸯඁ≤ˈਁ⧠ަሩ U(VI)Ⲵ੨䱴⦷ਟ䗮 ᐳ㌫ᮠ˄Kd˅ਟ䗮࠶ˈ99.7% 9.68×105 mL g-1Ǆ

оަԆޡᆈⲴ⿫ᆀ⴨∄ˈ⼧⸣㞿ሩ U(VI)Ⲵ੨䱴ާᴹ᰾ᱮⲴՈ࣯Ǆ䙊䗷䉡ᆖ㺘ᖱ᧒䇘⼧⸣㞿ሩ U(VI)Ⲵ੨䱴

ᵪ⨶ਁ⧠ ⼧̍⸣㞿㺘䶒⼧䞨สഒоU(VI)ѻ䰤Ⲵⸯॆ৽ᓄᖒᡀҶっᇊⲴCa2(UO2)3(PO4)2OH4·2H2Oⸯॆփ[4]Ǆ

࡙⭘ᐕъᓏ⢙⼧⸣㞿֌Ѫ੨䱴ࡲ੨䱴վ᭮ᓏ≤ѝⲴ䫰ᱟа⿽“ԕᓏ⋫ᓏ”Ⲵᯠᯩ⌅Ǆ 
 

ީ䭤䈃˖᭮ሴᙗṨ㍐˗ਜ਼䫰ᓏ≤˗⼧⸣㞿˗੨䱴˗ⸯॆ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(No.41877323)χ഑ᐓⴷ〇ᢶ঻䠃⛯⹊ਇ亯ⴤ(No.2019YFG0321)χ 

৸㘹ᮽ⥤ 

[1] Lopes G, et al. Increasing arsenic sorption on red mud by phosphogypsum addition, Journal of Hazardous Materials, 2013, 

262: 1196-1203. 

[2] Hritcu D, et al. Magnetic chitosan composite particles: Evaluation of thorium and uranyl ion adsorption from aqueous 

solutions, Carbohydrate Polymers, 2012, 87: 1185-1191. 

[3] Syczewski MD, et al. Phosphogypsum and clay mineral/phosphogypsum ceramic composites as useful adsorbents for 

uranium uptake, Applied Geochemistry, 2020, 123: 104793. 

[4] Chen BD, et al. Adsorption of uranium from uranium mine contaminated water using phosphate rock apatite (PRA): 

Isotherm, kinetic and characterization studies - ScienceDirect. Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 2017, 520:612-621. 
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ཐะഘؤ侦㓚㔪ሯ䞮ᙝ⸵ኧᓕ≪ѣޮශ䠃䠇ኔཐݹㄔҿ੮䱺㺂Ѱ⹊ガ 

ᴴ᱀ 1θ䜇ࡎᱛ 1,*θઞٟ䳻 1θԱ䶏䶏 1θ՜҆䊠 1θᶞ⩪ 1 
1 ॾইᐸ㤳བྷᆖ⧟ຳᆖ䲒ˈᒯᐎˈ510006 

*Email: lczhengscnul@163.com 

 

䪸ሩ䞨ᙗⸯኡᓏ≤˄ AMD ѝ˅CdǃPb઼CuⲴ⊑ḃ ൘̍ᇎ傼ѝ䙊䗷≗ॆ઼᧕᷍৽ᓄ༷ࡦҶа⿽ਜ਼ᐟส˄ -SH ǃ˅

㗗ส˄-COOH˅઼ӊ㜪ส˄-C=N˅สⲴཊสഒ㓔㔤㍐˄TCIS Ǆ˅੨䱴ᇎ傼㺘᰾ˈpH=5ᰦˈTCIS Ⲵᴰབྷ੨

䱴ᇩ䟿˄qmax˅࡛࠶Ѫ Cd(II) (53.60)ǃPb(II) (120.6) ઼ Cu(II) (36.01mg/g)ˈ㘼Cd(II)൘Cd/PbǃCd/Cuփ㌫ѝ

ⲴqmaxѪ40.52ǃ32.62 mg/g P̍b(II)൘Pb/CdǃPb/Cuփ㌫ѝⲴqmaxѪ82.44ǃ49.46 mg/gˈCu(II)൘Cu/CdǃCu/Pb
փ㌫ѝⲴqmaxѪ32.31ǃ34.15 mg/gǄҼݳփ㌫ѝˈ䠁኎⿫ᆀѻ䰤Ⲵ⴨ӂ֌⭘ѫ㾱ᱟഐㄎҹ੨䱴ᕅ䎧Ⲵᣁࡦ֌

⭘ˈަѝCu(II)Ⲵᣁࡦ֌⭘ᴰᕪǄ㘼൘йݳփ㌫ѝˈ㘳㲁ࡠй⿽䠁኎Ⲵॆᆖ䇑䟿ᮠˈᆳԜ൘TCISⲴ੨䱴亪ᒿ

ਟ㜭ᱟCu(II) > Cd(II) > Pb(II)ˈ䘉оᇶᓖ⌋࠭⨶䇪(DFT)䇑㇇Ⲵ੨䱴㔃ਸ㜭亪ᒿа㠤Ǆ↔ཆ X̍PS઼᷀࠶DFT
䇑㇇㺘᰾ˈTCISⲴ੨䱴䗷〻о-SHǃ-COOHԕ৺-C=NᴹޣˈᆳԜⲴᆈ൘ሬ㠤ҶCd(II)ǃPb(II)઼Cu(II)Ⲵㄎҹ

੨䱴Ǆ 
 

 
മ. 1 CdǃPbǃCu൘TCISѝ-C=Nǃ-SHǃ-COOH䱴䘁Ⲵ㔌ਸ㔃ᶴ 

 

ީ䭤䈃˖ཊสഒ˗㓔㔤㍐˗ㄎҹ੨䱴˗ᇶᓖ⌋࠭⨶䇪 

䍺ࣟ亯ⴤφᒵђⴷ䠃⛯亼ต⹊ਇ䇗ࡈδ2019B110207001εᒵђⴷ㠠❬〇ᆜะ䠇δ2018A030313363ε

ᒵђⴷौᆜ⊗ḉф⧥ູᆿޞ䠃⛯ᇔ僂ᇚδ2019B030301008ε 
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䈹᧝ਾᡆ⑟ᓜሯӂ≝ौ䭦ᗤ㿸㔉ᶺૂᙝ㜳Ⲻᖧଃ:䙐䗽 (100) ф (001) 

Წ䶘᧘ガެሯ䠃䠇ኔⲺ䘿᤟ᙝ੮䱺਀ᵰ⨼⹊ガ 

䱩ᴾ䍓 1θ⧁㘶ᘖ 1θᶄᲉ伔 1θ㯑▤ 1θސᘍ 1θㄖ㦿ၕ 2θ᱉ㆧ㆖ 1,* 
1 ॾই⨶ᐕབྷᆖ⧟ຳо㜭Ⓚᆖ䲒ˈᒯᐎˈ511436 

2
ॾই⨶ᐕབྷᆖॆᆖоॆᆖᐕ〻ᆖ䲒ˈᒯᐎˈ510640 

*Email: xyyi@scut.edu.cn 

 

ⸯኡᓏ≤ѝⲴ䟽䠁኎⊑ḃሩӪ㊫ᖡ૽ᐘབྷˈഐ↔ሩҾ≤փѝⲴ䟽䠁኎Ⲵ৫䲔ਇࡠᒯ⌋ޣ⌘Ǆᵜ᮷䙊䗷

а⿽ㆰঅⲴа↕≗ॆ䘈৏৽ᓄ༷ࡦİ-MnO2 ֌Ѫ䟽䠁኎੨䱴ࡲˈᒦ᧒ウн਼ਸᡀ⑙ᓖ˄25 ćˈ50 ć ઼ 
70 ć ሩ˅ᶀᯉⲴᖒ䊼㔃ᶴ઼⨶ॆᙗ䍘Ⲵᖡ૽Ǆ䙊䗷 BET X̍PS ㅹ㺘ᖱ᡻⇥㺘᰾ ൘̍й⿽ਸᡀ⑙ᓖл 2̍5 ć 
ਸᡀⲴᶀᯉ˄MnO2-25˅ާᴹᴰབྷⲴ∄㺘䶒〟ǃ≗オս઼㺘䶒㗏ส⎃ᓖˈഐ↔ަ੨䱴ᙗ㜭ᴰ֣Ǆ᧕лᶕ䘋㹼

ᢩ䟿੨䱴ᇎ傼ˈਟԕⴻࠪˈ൘অа੨䱴䗷〻ѝˈMnO2-25ሩ Pb2+ ੨䱴᭸᷌ᴰ֣ˈ䗮ࡠҶ339.15 mg/gˈަ⅑

ᱟ Cd2+ (107.50 mg/g)઼ Cu2+ (86.30 mg/g)Ǆ൘й⿽䠁኎਼ᰦᆈ൘ᰦⲴㄎҹ੨䱴ᇎ傼ѝˈMnO2-25ሩ Pb2+Ⲵ

੨䱴᭸᷌ᴰ֣Ǆ٬ᗇ⌘᜿Ⲵᱟ ൘̍ㄎҹ੨䱴ᇎ傼ѝ C̍u2+ Ⲵ੨䱴䟿儈Ҿ Cd2+ 䘉̍оঅа੨䱴ᇎ傼㔃᷌н਼Ǆ

䪸ሩ Cu2+઼ Cd2+ ൘অа੨䱴઼ㄎҹ੨䱴亪ᒿна㠤Ⲵ㔃᷌ˈᡁԜ࡙⭘ᇶᓖ⌋࠭⨶䇪 (DFT) 䇑㇇ᶕ䱀᰾ 
MnO2-25 ሩ䘉Ӌ䟽䠁኎⤜⢩Ⲵ੨䱴ᙗ䍘Ǆ䙊䗷䇑㇇н਼Ღ䶒 (100) ઼ (001) Ⲵ੨䱴Ӣ઼ᙗˈਟԕⴻࠪˈ

MnO2-25 ሩ䟽䠁኎Ⲵ੨䱴ާᴹ儈ᓖⲴᲦ䶒׍䎆ᙗǄ൘єњᲦ䶒ѝˈ(100) Ღ䶒੨䱴Ӣ઼ᙗՈҾ(001)Ღ䶒Ǆ

਼ᰦˈ൘(100)Ღ䶒кⲴ㺘䶒䝽ਸ⢙Ⲵ੨䱴っᇊᙗᴤ儈ˈ䘉ሩҾঅа੨䱴䗷〻ѝ䟽䠁኎Ⲵ੨䱴亪ᒿਟ㜭䎧ࡠ

ঐᦞ (100) Ღ䶒Ⲵ⍫ᙗ੨䱴ս⛩ˈ䘛֯ Cu2+ ੨䱴൘ (001) Ღݸᇊᙗ֌⭘Ǆ൘ㄎҹ੨䱴䗷〻ѝˈPb2+ Ոߣ
䶒кˈ㘼 Cd2+ ൘ (001)Ღ䶒кӢ઼ᙗᴰᐞˈሬ㠤ަ੨䱴ᙗ㜭ᴰᐞǄᵜ᮷䙊䗷൘࠶ᆀቪᓖк␡᷀࠶ޕҶ

MnO2-25Ⲵ㺘䶒ॆᆖᙗ䍘ሩ੨䱴㹼ѪⲴᖡ૽ ᧒̍ウҶ൘䈕੨䱴ࡲк䟽䠁኎੨䱴ᵪ⨶Ⲵᐞᔲᙗ Ѫ̍ᨀ儈੨䱴ࡲ

৫䲔᭸⦷઼⭏ӗᨀ׋Ҷ⨶䇪ᤷሬǄ 

 
 

മ. 1 оᲦ䶒⴨ޣⲴ䟽䠁኎੨䱴ᵪ⨶ 

ީ䭤䈃˖ İ-MnO2 ; 䟽䠁኎৫䲔; 䘹ᤙᙗ੨䱴; ᇶᓖ⌋࠭⨶䇪; ੨䱴Ӣ઼࣋ 

䍺ࣟ亯ⴤφᒵђⴷ䠃⛯亼ต⹊ガᔶਇ䇗ࡈ  (2019B110207001) χളᇬ㠠❬〇ᆜะ䠇 (No. 
41931288)χᒵђⴷщ亯᭥ᤷ䇗ࡈ൦ᯯࡑ᯦ࡑѐഘ䱕亯ⴤ(No. 2019BT02L218) 
৸㘹ᮽ⥤ 

[1] Chen, Q., Tang, Z., Li, H., Wu, M., Zhao, Q., Pan, B., 2020. An electron-scale comparative study on the adsorption of six 

divalent heavy metal cations on MnFe2O4@CAC hybrid: Experimental and DFT investigations. Chem. Eng. J. 381,122656. 

���ႏ

Single    

(100) (001) 

Pb Cd Cu Pb CdCuͽ ͽ ͽ ͽ

Pb Cd Cuͽ ͽ Pb CdCuͽ ͽ
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㄁։≦ौ⢟ะࣕ㜳ᶆᯏሯ䬥Ⲻ儎䘿᤟ᙝ੮䱺ૂᲬṲौ䗽ぁ 

丟ড᱕ 1θ哺仌 1θ㤅ᮅ঄ 1,* 
1 ᒯᐎབྷᆖ⧟ຳ、ᆖоᐕ〻ᆖ䲒ˈᒯᐎˈ510000 

*Email: mhsu@gzhu.edu.cn 

 

䬟˄Cs˅ᱟṨᕩǃṨ↖ಘ䈅傼઼Ṩ৽ᓄึѝⲴṨ㻲ਈⲴ࢟ӗ૱ѻаˈਟԕ䙊䗷伏⢙ᡆબ੨䘋ޕӪփᒦ

䙐ᡀᤱѵⲴᦏᇣ[1]ǄӾਜ਼ᴹ䇨ཊ᭮ሴᙗṨ㍐઼ⓦ䀓Ⲵ䟽䠁኎⢙⿽Ⲵվ≤ᒣ᭮ሴᙗ⊑≤˄LLREs˅ѝ儈᭸઼䘹

ᤙᙗൠ৫䲔137Csˈᱟᴰབྷ䲀ᓖൠ߿ቁLLREsⲴփ〟઼׳䘋ަᴰ㓸༴㖞Ⲵањᗵ㾱↕僔ǄᲞ励༛㬍㊫լ⢙

˄PBAs˅⭡ҾަሩCs+ⲴӢ઼࣋ˈ֌Ѫ৫䲔᭮ሴᙗ䬟Ⲵᶀᯉ㘼ਇࡠᒯ⌋[2]⌘ޣǄ൘䘉亩⹄ウѝˈ䙊䗷ањㆰ

অⲴվ⑙ޡ⊹⏰䗷〻ˈਸ⨶ൠ䇮䇑Ҷа⿽ᓹԧⲴǃᇩ᱃㧧ᗇⲴ≠ॆ⢙ส࣏㜭ᶀᯉ˄PBACu˅̍ ᆳሩ䬟Ⲵᦅ㧧

㺘⧠ࠪ儈᭸઼ࠪ㢢Ⲵ䘹ᤙᙗǄ㓣㊣PBACu൘・ᯩオ䰤㗔˄Fm-3m (225)˅ѝ㔃Ღˈަᒣ൷ᆄᖴѪ6.53nm˗ഐ

↔ˈPBACuਟԕѪᦅ㧧઼੨᭦Csᨀ׋ѠᇼⲴ৏ᆀঐᦞս⛩Ǆ䘉䟼ˈ՚Ҽ䱦ࣘ࣋ᆖ⁑ර઼Langmuir⁑රоCs+

൘PBACuкⲴ੨䱴ᖸ੫ਸˈ5࠶䫏޵ᴰབྷᦅ㧧䟿Ѫ95.75mg/gˈ䇱ᇎҶPBACuਟԕᘛ䙏ᦅ㧧Cs⿫ᆀǄণ֯൘ਜ਼

ᴹབྷ䟿Na+ǃNH4+ǃCa2+઼Mg2+⿫ᆀ⎃ᓖⲴ≤ⓦ⏢⁑ᤏ⢙ѝˈPBACuҏ㜭оCsਁ⭏ᕪ⛸㘼ᴹ䘹ᤙᙗⲴ֌⭘Ǆ

≠ॆ⢙ส࣏㜭ᲦփሩCs+Ⲵ੨䱴䗷〻㻛䇱ᇎᱟCs+䘋ޕ≠ॆ⢙ส࣏㜭Ღփ ਆ̍ԓK+ˈD ਾᇎ⧠CsⲴᲦṬ㔃ਸǄ

оՐ㔏Ⲵড䲙ᓏ≤༴⨶⴨∄ˈ༴⨶ᓏ≤Ⲵᡀᵜ㢲㓖㓖Ѫ⇿੘23.30㖾ݳǄⴞࡽⲴ㔃᷌ᤃᇭҶ᭮ሴᙗṨ㍐Cs৫
䲔ⲴᲦṬ⨶䇪ˈᒦѪ᭮ሴᙗᓏ≤ѝCsⲴപᇊॆᨀ׋Ҷањᴹࡽ䙄Ⲵ䘹ᤙǄ 

 

 
 

മ1. PBACuᦅ㧧Cs+Ⲵਟ㜭ᵪࡦǄ 
 

ީ䭤䈃˖䬟˗ᲦṬॆ˗᭮ሴᙗᓏ≤ 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇(No.22076034) 

৸㘹ᮽ⥤ 

[1] Castrillejo M, et al. Reassessment of 90Sr, 137Cs, and 134Cs in the Coast off Japan Derived from the Fukushima Dai-ichi 

Nuclear Accident. Environ. Sci. Technol. 2016, 50: 173-180. 

[2] Chen S, et al. Prussian blue analogs-based layered double hydroxides for highly efficient Cs+ removal from wastewater. J. 

Hazard. Mater. 2020, 410: 124608.  
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འ䱩ݿ傧ࣞ≪䫷⸵⮂䶘⭫ᆆՖ䙈φ⸵⢟䖢ौ਀⍱ᙝ⢟〃⭕ᡆ 

㡈ᘍ咅 1θ▎⌳ⵕ 1θ⧁᱕᱕ 1θ䍰䊠঄ 1θ⧁ỉ㩂 1* 
1 ༽ᰖབྷᆖ⧟ຳ、ᆖоᐕ〻㌫ˈк⎧ᐲ␎⋚䐟 2005 ਧ༽ᰖབྷᆖ⊏⒮ṑ४⧟ຳ、ᆖᾬˈ200438  

*Email: zimengw@fudan.edu.cn 

 

㕪≗ᶑԦл Ҽ̍ԧ䫱ۜॆ≤䫱ⸯ䖜ॆⲴᵪࡦᐢᗇޕ␡ࡠ⹄ウ[1] ն̍ަн䏣ԕ䀓䟺≤䫱ⸯ൘≗ॆ⧟ຳѝⲴ

䖜ॆ䗷〻Ǆᴥ ᐕ֌ѝ ᡁ̍Ԝ⹄ウҶ൘ᰐཆⓀҼԧ䫱Ⲵ≗ॆ⧟ຳѝ ཚ̍䱣ݹ傡ࣘ≤䫱ⸯ䖜ॆⲴаᶑᢙኅ䙄ᖴǄ

㔃᷌ਁ⧠ˈо唁᳇ᶑԦл⴨∄ˈཚ䱣ݹᱮ㪇׳䘋Ҷ≤䫱ⸯੁ䪸䫱ⸯ઼ᯭ∿ⸯ⢙䖜ॆǄཚ䱣ݹ㜭䈡ሬ≤䫱ⸯ

⭼䶒⭥ᆀՐ䙂ӗ⭏а㌫ࡇ≗ॆ䘈৏⍫ᙗ⢙䍘ˈྲオイ-⭥ᆀሩǃ⍫ᙗ㠚⭡ส⢙⿽઼Ҽԧ䫱Ǆ൘Շཊ⍫ᙗ㠚⭡

ส⢙⿽ѝ 䎵̍≗ॆ⢙㠚⭡สᱟҼԧ䫱൘䞨ᙗᶑԦлѫ㾱Ⲵ≗ॆࡲ ᧗̍ࡦ⵰䞨ᙗᶑԦл≤䫱ⸯⲴॆݹᆖ䖜ॆǄ

䙊䗷㌫㔏ᙗⲴ≤ॆᆖ᧗ࡦᇎ傼ˈᡁԜ᰾⺞Ҷ㗏ส㠚⭡สⲴӗ⭏йᶑ䙄ᖴԕ৺ሩᓄⲴ⴨ሩ䍑⥞Ǆ↔ཆˈᰐᵪ

䝽փ˄≟ⴀˈ⺛䞨ⴀˈ઼⺍䞨ⴀ˅Ⲵᆈ൘нӵՊᖡ૽йԧ䫱Ⲵⓦ䀓䟽㔃Ღ䗷〻ˈ䘋㘼ᖡ૽≤䫱ⸯ䖜ॆӗ⢙

˄䪸䫱ⸯˈᯭ∿ⸯ⢙ˈ઼≤䫱ⸯ˅̍ 㘼ф䙊䗷৲оݹ㠤⭥㦧䖜〫৽ᓄߣᇊ㠚⭡ส⢙⿽Ⲵ⿽㊫˄㗏ส㠚⭡สˈ

⺛䞨ṩ㠚⭡สˈ઼ঔ㍐㠚⭡สㅹ [˅2]Ǆݹ䗀ሴ≤䫱ⸯ⭼䶒≗ॆ䘈৏᭿ᝏ⍫ᙗ⢙⿽Ⲵ⭏ᡀਟ㜭Պᱮ㪇ᖡ૽䞨ᙗ

ᓏ≤ѝਈԧ䟽䠁኎ݳ㍐઼ᴹᵪ⊑ḃ⢙Ⲵ䗱〫ˈ䖜ॆ৺ᖂ䎻Ǆ 

 
 
 
 
 
 
 

 
മ. 1 ཚ䱣ݹ傡ࣘ≤䫱ⸯ⭼䶒⭥ᆀՐ䙂ᵪ⨶⽪᜿മ 

 

ީ䭤䈃˖䫱≗ॆ䘈৏ᗚ⧟˗ݹ䈡ሬ⭥㦧䖜〫˗≤䫱ⸯǃ⍫ᙗ㠚⭡ส 

䍺ࣟ亯ⴤφളᇬ㠠❬〇ᆜะ䠇䶘р亯ⴤ (No.42107228,41977266);р⎭ᐸ⎜⊕Ӱᢃ䇗ࡈ

(No.21PJ1401000) 

৸㘹ᮽ⥤ 

[1] Huang J, et al. Fe(II) Redox Chemistry in the Environment. Chem. Rev. 2021, 121: 8161-8233. 

[2] Parker K M, et al. Halogen radicals contribute to photooxidation in coastal and estuarine waters. Proc. Natl. Acad. Sci. U. S. 

A., 2016, 113: 5868-5873. 
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13 Ѡ૷〃ᶒ呹㣧൞儎৕䫻䭂⸵॰གྷਾ⊗ḉߒ⭦Ⲻ⭕䮵䘸ᓊᙝ 

ᑮ⩩ⓠ 1θࡎѦ⺋ 1θ⒑ᯯṁ 1θᶄঐ 1θ䱾ᔰߑ 1θ⾌㢩㗚 1θᶄݹ 1θ֋≮㗄 1,* 

1 Ӂইߌъབྷᆖ䍴Ⓚо⧟ຳᆖ䲒ˈᰶ᰾ 650201 

E-mail: 2363817748@qq.com 

  
ⸯ४൏༔䟽䠁኎⊑ḃ䰞仈ॱ࠶ѕ䟽ˈѪㆋ䘹ࠪ䘲ᇌӁই儈৏䫵䬼ⸯ४䟽䠁኎⊑ḃߌ⭠⿽Ἵᶌ味㣡૱⿽ˈ

ᔰኅᕅ⿽ 13 њ૱⿽ᶌ味㣡Ⲵབྷ⭠䈅傼ˈӾṚ儈ǃ⭏䮯⦷ǃਦ㔯㍐ਜ਼䟿ǃޫ࠶ਜ਼䟿৺䟽䠁኎㍟〟⢩ᖱㅹᯩ䶒

㔬ਸ䇴ԧᶌ味㣡Ⲵ⭏䮯䘲ᓄᙗǄ㔃᷌㺘᰾˖(1)о䶎ṩ䱵൏⴨∄ˈᶌ味㣡ṩ䱵൏༔ pH ٬ǃ䙏᭸䫮о⻡䀓≞

ਜ਼䟿ᱮ㪇䱽վˈ䙏᭸⼧ਜ਼䟿ᱮ㪇ॷ儈Ǆ(2)ᶌ味㣡Ⲵ⭏䮯оⸯ䍘ޫ࠶ਜ਼䟿ᆈ൘૱⿽䰤ᐞᔲˈṚ儈઼⭏⢙䟿໎

䮯⦷࡛࠶ԕ‘㓒䱣’઼‘㓒䘀ᶕ’ᴰབྷˈਦ㔯㍐ਜ਼䟿ԕ‘᱐ኡ㓒’ᴰ儈˗NǃPǃK ԕ‘⚛⛸呏’ǃ‘㖺䑟࡛࠶ਜ਼䟿࠶ޫ

䒵’ǃ‘㓒䱣’ᴰ儈ˈ‘ㄟ䱣’ᴰվǄ(3)н਼૱⿽ᶌ味㣡ሩ䟽䠁኎ᇼ䳶઼䖜䘀㜭࣋ᆈ൘ᱮ㪇ᐞᔲˈ‘㓒䱣’䟽䠁኎Ⲵ

੨᭦㜭࣋ᴰᕪˈ‘㖺䑟䒵’ᴰᕡǄᙫѻˈ13 њ૱⿽ᶌ味㣡൘䫵䬼ⸯ४䟽䠁኎⊑ḃߌ⭠㜭⭏䮯ˈԕ‘᱐ኡ㓒’⭏䮯

䘲ᓄᙗ㔬ਸ䇴ԧᗇ࠶ᴰ儈 ‘̍⚛⛸呏’⅑ѻˈ䘉є⿽ᶌ味㣡ਟ֌Ѫ儈৏䫵䬼ⸯ४䟽䠁኎⊑ḃߌ⭠ᴯԓ⿽ἽⲴ俆

䘹૱⿽Ǆ 

ީ䭤䈃φᶌ味㣡˗⭏䮯䘲ᓄᙗ˗䟽䠁኎⊑ḃ˗ᴯԓ⿽Ἵ˗૱⿽ᐞᔲ 

䍺ࣟ亯ⴤφӇ঍ⴷ䠃⛯⹊ਇ亯ⴤ(2019BC001-04)ૂӇ঍ⴷѣ䶈ᒪᆜᵥૂᢶᵥᑜཪӰ੄༽Ӱᢃฯ

 亯ⴤδ2018HB043Ƚ202005AC160038εȾޱ

 

  

mailto:2363817748@qq.com
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ཐะഘ〮⿼㓚㔪㔉ᶺ䇴䇗਀ެሯ䠃䠇ኔགྷਾ⊗ḉ⢟੮䱺ᵰ࡬⹊ガ 

՜҆䊠 1θ䜇ࡎᱛ 1,*θઞٟ䳻 1θᴴ᱀ 1θᶞ⩪ 1θԱ䶏䶏 1 
1 ॾইᐸ㤳བྷᆖ⧟ຳᆖ䲒ˈᒯᐎˈ510006 

*Email: lczhengscnu1@163.com 

 

䟽䠁኎༽ਸ⊑ḃᐢ㓿ᡀѪᰕ⳺ޣ⌘Ⲵ✝⛩䰞仈ˈ䇨ཊ⹄ウਁ⧠ަ㚄ਸ∂ᙗа㡜∄অа∂ᙗᴤѕ䟽Ǆ䟽

䠁኎༽ਸ⊑ḃ⢙ާᴹ༽ᵲⲴ⧟ຳ㹼Ѫ˄ྲ㔌ਸǃॿ਼ǃ઼࣐ㅹ˅̍ 䘉ሩՐ㔏⋫⨶ᯩ⌅ᑖᶕҶ᥁ᡈǄᵜ⹄ウ䙊

䗷䘹⭘ཙ❦⦹㊣〨⿶㓔㔤⭏⢙䍘ᶀᯉˈ䙊䗷а㌫ࡇⲴॆᆖ᭩ᙗሩ㓔㔤㍐㔃ᶴ䘋㹼؞侠ˈᕅޕҶཊ⿽ᴹ࡙Ҿ

੨䱴䟽䠁኎༽ਸ⊑ḃ⢙ⲴสഒǄ൘ᇎ傼ѝ䘹⭘Cu˄II˅઼⼪㜪⭢ᚦୁ˄SMZ˅֌Ѫ䟽䠁኎༽ਸ⊑ḃ⢙ˈሩ

pHǃаݳǃݸਾ઼Ҽݳփ㌫䘋㹼੨䱴ᇎ傼ᒦ㔃ਸᇶᓖ⌋࠭⨶䇪˄ DFT 䇑˅㇇ ㌫̍㔏⹄ウҶ᭩ᙗ〨⿶㓔㔤˄ DCS˅
Ⲵ੨䱴ᙗ㜭Ǆ⹄ウਁ⧠ˈDCSާᴹаᇊⲴpH㕃ߢ㜭࣋ˈᒦ൘а઼ݳҼݳփ㌫ѝሩSMZ઼Cu˄II˅Ⲵᴰ֣੨

䱴pH࡛࠶Ѫ5઼6ˈᴰབྷ੨䱴䟿࡛࠶Ѫ32.45mg/g઼4.57mg/gǄ൘ݸਾփ㌫ѝਁ⧠ݸ੨䱴SMZՊ׳䘋Cu˄II˅
Ⲵ੨䱴 ৽̍ѻѪᣁࡦ ൘̠Ҽݳփ㌫л վ̍⎃ᓖⲴCu˄ II Պ˅׳䘋ॿ਼੨䱴 㘼̍儈⎃ᓖⲴCu˄ II Պ˅ᣁࡦ੨䱴ˈ

ԕкᛵߥѫ㾱ᖂഐҾ㔌ਸǃ䶉⭥ቿ㭭઼ẕ᧕֌⭘ǄDFT㔃᷌䘋а↕㺘᰾ D̍CSާᴹᴤཊоSMZ-㔃ਸⲴս⛩ˈ

ᒦфঠ䇱Ҷаݳǃݸਾ઼Ҽݳփ㌫лⲴ੨䱴ᵪ⨶Ǆ 
 

 
മ. 1 аݳǃݸਾ઼Ҽݳփ㌫лDCSሩSMZ઼CuⲴ੨䱴ᵪ⨶ 

 

ީ䭤䈃˖〨⿶㓔㔤㍐˗䟽䠁኎༽ਸ⊑ḃ⢙˗੨䱴˗ᇶᓖ⌋࠭⨶䇪䇑㇇ 

䍺ࣟ亯ⴤφᒵђⴷ䠃⛯亼ต⹊ਇ䇗ࡈδ2019B110207001εᒵђⴷ㠠❬〇ᆜะ䠇δ2018A030313363ε

ᒵђⴷौᆜ⊗ḉф⧥ູᆿޞ䠃⛯ᇔ僂ᇚδ2019B030301008ε 
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᭯ᙝ㤥яҩ⏨/⼭䞮ӂз䞥䫾གྷਾ䫓ौࡸሯ哺䫷⸵Ⲻ䫓ौᙝ㜳       

਀ެ㠠ؤགྷᵰ࡬ 

ઞぁӤ 1θㄖ㦿ၕ 1,* 
1 ॾই⨶ᐕབྷᆖॆᆖоॆᐕᆖ䲒ˈᒯьⴱᒯᐎᐲˈ510640 

*Email: celjzh@scut.edu.cn 

 

䞨ᙗⸯኡᓏ≤ (AMD) 䙐ᡀѕ䟽Ⲵ⧟ຳ⊑ḃ 䙊̍䗷哴䫱ⸯ㺘䶒䫍ॆਟԕӾⓀཤк߿ቁ AMD Ⲵӗ⭏Ǆ⧠

ᴹⲴ㺘䶒䫍ॆᢰᵟवᤜ਴⿽䫍ॆ⎲ቲ˄ᰐᵪǃᴹᵪ઼ᴹᵪ⹵✧˅Ⲵᖒᡀ઼䖭փᗞ㜦೺ॆ[1]Ǆቭ㇑⹵✧㟌ሩ哴

䫱ⸯⲴ䫍ॆ᭸⦷䖳ྭˈ❦㘼൘ᖒᡀ⹵✧㟌Ⲵ䗷〻ѝˈнਟ䚯ݽ䴰㾱֯⭘བྷ䟿Ⲵᴹᵪⓦࡲˈфപॆᡀ㟌⑙ᓖ

䖳儈 ᒦ̍н䘲ਸᇎ䱵哴䫱ⸯቮⸯⲴ䫍ॆ༴⨶[2]Ǆഐ↔ ᔰ̍ਁа⿽ԕ≤֌Ѫѫ㾱ⓦࡲ ф̍㜭൘ᇔ⑙лപॆᡀ㟌ˈ

ᒦާᴹ㠚؞༽࣏㜭Ⲵቮⸯ䫍ॆࡲˈሩҾቮⸯ⊑ḃⲴ䱢᧗઼⋫⨶ާᴹ䟽㾱Ⲵ᜿ѹǄ 
ᵜ⹄ウѝˈ䟷⭘৽ᓄරңॆࡲ SR-10 ઼࣏㜭অփ㗏҉ส⭢สщ✟䞨⼧䞨䞟᭩ᙗ㤟щң⏢ˈ⼧䞨Ҽб䞟

䫸֌Ѫປ༷ࡦˈࡲ༼؞ݵᗇࡠⲴ㋂ᖴ൷аǃっᇊᙗ䖳ྭⲴ᭩ᙗ㤟щң⏢/⼧䞨Ҽб䞟䫸༽ਸ䫍ॆࡲǄ䙊䗷ᣇ

ॆᆖ≗ॆ⍻䈅Ոॆ䫍ॆࡲ䝽ᯩ઼ᐕ㢪৲ᮠˈԕ䮯ᵏᣇॆᆖ≗ॆᇎ傼઼⭥ॆᆖ⍻䈅䇴ԧ༽ਸ䫍ॆ㟌ሩ哴䫱ⸯ

Ⲵ䫍ॆ᭸᷌Ǆ 
䈕༽ਸ䫍ॆࡲ൘哴䫱ⸯ㺘䶒ᖒᡀаቲ㠤ᇶфާᴹॿ਼ᣇ≗ॆᙗ㜭Ⲵ䫍ॆ㟌Ǆᣇॆᆖ≗ॆᙗ㜭⍻䈅㔃᷌

ᱮ⽪ 24 h ᙫ䫱઼ SO42-Ⲵ䫍ॆ᭸⦷࡛࠶䗮ࡠ 85.3%઼ 73.1%˗⭥ॆᆖ⍻䈅㔃᷌㺘᰾哴䫱ⸯ㓿䈕䫍ॆࡲ༴⨶ਾ

㞀㲰⭥⍱ᇶᓖ䱽վҶ 96% ᱮ̍㪇ൠ߿㕃Ҷ哴䫱ⸯⲴ≗ॆ䙏⦷Ǆ᧘⍻ަ䫍ॆᵪ⨶ྲമ 1 ᡰ⽪: ң⏢㚊ਸ⢙о哴

䫱ⸯ㺘䶒Ⲵ䫱⿫ᆀᖒᡀ P-O-Fe 䭞ˈ໎࣐ң⏢о哴䫱ⸯⲴ䱴⵰࣋˗ᖃ䫍ॆ㟌ተ䜘㻛≗ॆץ㲰ˈpH ਈॆˈᕅ

䎧⼧䞨Ҽб䞟䫸࠶䀓䖜ॆ C̍e3+ਟ৲оॿ਼ᣇ≗ॆ ⼧̍䞨Ҽб䞟䱤⿫ᆀਟо䫱⿫ᆀ㔌ਸ⭏ᡀ⼧䞨Ҽб䞟䫱⊹

⏰⢙ປݵਇᦏ䜘սˈӾ㘼ᨀ儈䫍ॆ㟌Ⲵ㠚؞༽ᙗ㜭৺䮯᭸䫍ॆᙗ㜭Ǆ 
 

 
മ. 1 ༽ਸ䫍ॆࡲሩ哴䫱ⸯⲴ䫍ॆᵪ⨶ 

 

ީ䭤䈃φ᭩ᙗ㤟щң⏢˗⼧䞨Ҽб䞟䫸˗哴䫱ⸯ˗䫍ॆ˗㠚؞༽ 

䍺ࣟ亯ⴤφᒵђⴷ䠃⛯⹊ਇ䇗ࡈ亯ⴤδNo.2019B110207002,No.2019B110207001ε 

৸㘹ᮽ⥤ 
[1] Tu Z, et al. Reduction of acid mine drainage by passivation of pyrite surfaces: A review. Science of the Total Environment, 

2022, 832: 155116. 

[2] Yu M, et al. Inhibition of organosilane/ATP@HQ self-healing passivator for pyrite oxidation. Chemosphere, 2022, 287: 

132342. 
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ᗤງᯏሯуੂ⎉ᓜ⹭㛷䘡сⲺ⭕㨒⭕䮵਀ൕ༚䍞䠅Ⲻᖧଃ 

ᲅ㔪ࡎ 1θᶄٟߦ 1θ⧁⦿⨅ 1θᮽٟ 1θ䱾Ṹ㪫 1,* 

1 ॾইߌъབྷᆖ䍴Ⓚ⧟ຳᆖ䲒ˈᒯᐎˈ510642 
*Email: guikuichen@scau.edu.cn 

 
ъກᯉ൘⭏ӗкⲴᒯ⌋ᓄ⭘оަ䱽䀓ӗ⭏Ⲵᗞກᯉ൘൏༔ѝབྷ䟿〟㚊㘼䙐ᡀⲴ⧟ຳ䰞仈ᕅ䎧ߌ㟌ㅹߌ

ᒯ⌋ޣ⌘˗❦㘼ˈ൘⹧⊑ḃ൏༔ѝቔަᱟн਼⎃ᓖⲴ⹧⊑ḃᶑԦл㠚❦㘱ॆᗞກᯉሩ֌⢙⭏䮯⢩ᙗǃ⹧〟

㍟ㅹᯩ䶒Ⲵᖡ૽о֌⭘ᵪࡦ⧠䱦⇥ቊн᰾ᲠǄഐ↔ˈᵜ⹄ウ䘹ਆᒯь並ޣབྷᇍኡⸯ४վǃѝǃ儈й⿽⎃ᓖ

Ⲵ⹧⊑ḃ൏༔˄67 mg/kgˈ118 mg/kgˈ150 mg/kg˅̍ ᧒ウ㠚❦㘱ॆ 1 ᒤⲴ㚊҉✟ߌ㟌ᗞກᯉ˄İ2mm˅ሩ

⭏㨌˄Lactuca sativa L.˅⭏䮯ǃ㩕ޫ૱䍘ǃ⹧〟㍟ԕ৺൏༔䍘䟿Ⲵᖡ૽,䱀᰾㠚❦㘱ॆᗞກᯉ઼⹧ሩ⭏㨌Ⲵ

༽ਸ֌⭘Ǆᇎ傼㔃᷌㺘᰾ˈ䲿⵰⹧⎃ᓖⲴ໎࣐ˈ⭏㨌ൠк䜘ൠл䜘⭏⢙䟿˄勌䍘䟿˅ᱮ㪇л䱽ˈ⹧ਜ਼䟿ࡉ

䲿ѻᱮ㪇໎࣐ˈঅа⹧㛱䘛ሩ⭏㨌Ⲵ⭏䮯ᙫփ㺘⧠Ѫᣁࡦ֌⭘Ǆоঅ⤜⹧⊑ḃ⴨∄ˈ൘վǃѝ⹧⎃ᓖⲴᗞ

ກᯉ༴⨶ѝ˄0.1%ˈm:m˅̍ ⭏㨌ᙫ⭏⢙䟿˄勌䍘䟿˅࡛࠶ᨀ儈Ҷ 68.9%઼ 55.4%ˈൠкൠл䜘⹧ਜ਼䟿ᱮ㪇

䱽վˈ䱽ᑵѪ 40.6%~59.4%ˈᗞກᯉоվǃѝ⎃ᓖ⹧༽ਸ㛱䘛лᙫփ㺘⧠Ѫᤞᣇ֌⭘Ǆ㘼ᗞກᯉо儈⎃ᓖ

⹧༽ਸ㛱䘛лᙫփ㺘⧠Ѫॿ਼ᣁࡦ֌⭘˖⭏㨌ᙫ⭏⢙䟿䱽վҶ 54.5%ˈൠл䜘⹧ਜ਼䟿໎㠣 25.09 mg/kgˈൠ

к䜘ਦ㔯㍐ǃਟⓦᙗ㳻ⲭ઼ਟⓦᙗ㌆ਜ਼䟿൷ᱮ㪇䱽վǄਖཆˈᗞກᯉ֯й⿽⹧⊑ḃ⎃ᓖⲴ൏༔ pH ઼ Eh ⮕

ᗞॷ儈ˈ㝢䞦ǃ䗷≗ॆ≒䞦ǃ䞨ᙗ⼧䞨䞦઼㭇㌆䞦Ⲵ⍫ᙗ൷ᴹॷ儈ˈҏ֯ᗇ൏༔ᗞ⭏⢙ᙫ䟿˄㓶㧼઼᭮㓯

㧼ᮠ䟿˅ᴹᡰᨀ儈Ǆԕк㔃᷌㺘᰾ˈ㘱ॆᗞກᯉ䱽վҶ൏༔ѝվǃѝ⎃ᓖⲴ⹧ሩ⭏㨌Ⲵ∂ᙗˈ㘼൘儈⎃ᓖ

⹧㛱䘛лˈ㘱ॆᗞກᯉо⹧Ⲵॿ਼᭸ᓄਟ㜭ᖂഐҾަਟԕᨀ儈⹧൘⭏㨌փ޵Ⲵ⭏⢙ᇼ䳶䟿Ǆ਼ᰦˈ൘༽ਸ

⊑ḃⲴ൏༔ѝˈ⹧ሩ൏༔䞦ԕ৺൏༔ᗞ⭏⢙Ⲵ∂ᙗ᭸ᓄᗇࡠ㕃䀓Ǆ 
 

 

ީ䭤䈃φᗞກᯉ˗㠚❦㘱ॆ˗⹧˗⭏㨌˗൏༔䍘䟿 

䍺ࣟ亯ⴤφളᇬ䠃⛯⹊ਇ䇗ࡈ亯ⴤδ2020YFC1807805ε 

৸㘹ᮽ⥤ 

[1] 亮俘ᛖ ㅹ.㘱ॆ㚊≟҉✟ᗞກᯉо䭹ሩሿ哖Ⲵ㚄ਸ∂ᙗ.⧟ຳॆᆖ, 2021ˈ40˄9˅:2633-2639. 

[2] ᆱ⪎㢣 ㅹ.ᗞກᯉ઼䭹৺ަ༽ਸሩ䎵ᇼ䳶Ἵ⢙⭏䮯઼ᇼ䳶䭹Ⲵᖡ૽.⧟ຳ、ᆖᆖᣕˈ2022ˈ42˄6˅̟ 415-425. 

[3] Wang, F., et al. Effects of co-contamination of microplastics and Cd on plant growth and Cd accumulation. Toxics. 

2020,8,36. 

[4] Li, L., et al. Effective uptake of submicrometre plastics by crop plants via a crack-entry mode. Nat. Sustain. 2020, 3, 929–

937. 

[5] Dong, Y., et al. Microplastic particles increase arsenic toxicity to rice seedlings. Environ. Pollut. 2020, 259, 113892. 

[6] Li, M., et al. Impacts of polyethylene microplastics on bioavailability and toxicity of metals in soil. Sci. Total Environ. 2021, 

760, 144037. 

[7] Zeb, A., et al. Effects of polyester microfibers (PMFs) and cadmium on lettuce (Lactuca sativa) and the rhizospheric 

microbial communities: a study involving physio-biochemical properties and metabolomic profiles. J. Hazard. Mater. 2022, 

424, 127405. 
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