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ॱၶྫྷီᇛ҃ܫॱዟӐዟ཯༥ԢФܸࠪཨൂᑚ

ᛩुবᑞᄉᆐቂ

඄�Ὃѵබ௙�ὋᗞǊᕥ�Ὃᭆ˾౔�Ὃ̶ߔߠ ோˋ�ὋषǊᕥ�Ὃᑊژᮺ�Ὃѵຌ̛�*

὇1Ὅຫӑߥܷˉࢹ ౅஧ˀӐࢹߥርߥᬒ/፮ᓣᣏࢹ౅஧ຫӑᄴ᧗ཁࠃᰍࠈὋຫӑ ൦ලǊ430068὚2Ὅӑ̚ᓇቆᓇܸܷߥ ౅

஧መߥˀࢹርߥᬒὋӑ̚Ǌ100191Ὀ

୑᜵ḬЎ࠱ዟ཯༥ᤈᛠॱၶྫྷᑻᙌူܪὋཨՐ᤯᣾ီᇛࢹᓧ҃ܫॱዟӐዟ཯༥Ὃီ ᇛ20 minԀԺ࠱ዟ཯༥ᄉࣰڨዡ

फ़ၿጝ1 250 nmᰳ஌ђ࠴ᒯጝ194 nmὋඊᄰՎ్͇ʽᄯଋီᇛ३ҁᄉዟ཯༥ࣰڨዡफ़὇504 nmὈܷ ࣧђ࠴ǌॱၶྫྷஇব

ዟ཯༥Ԁ΍ፂ᣾ီᇛՐФᛪ᭦̮ᬃᅋథ̝ප̝ෳবᄉၶྫྷᒚὋᤇథѽ̅ଡᰳФˀథ఺౅஧ႌ᭦ᄰࠓবǌॱዟӐዟ཯༥/

༺ᳫࣲၸᄉܸཨൂᑚ὇NRὈܬՋ౅஧ᄉડͨुऎԺ᣹24. 6 MPaὋˀ Ӭጥ༺ᳫᛩुᄉNRܬՋ౅஧ᄰॆǌੲଠႂߔ௬ॱ᪪

ཱྞ௬ᇧፂॱၶྫྷ֖ီᇛူܪᄉॱዟӐዟ཯༥ˀNRᄉᄰࠓবܷࣧஇؒǌ

С᪃ជḬዟ཯༥὚ॱ ၶྫྷ὚ᑻᙌ὚ီ ᇛ὚ॱ ዟӐ὚ܸ ཨൂᑚ὚ᛩु
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༡ҦԦႂ௦ॆґڍЮణ˞᜵ᄉԦႂழय[1]ǌ

ͺ˝༡ҦԦႂԇ྆཯̖ၶᄉ˞᜵ࢹˉऋपྫྷὋዟ

཯༥ඇࣱᄉଅஉ᧙ጝథ750̢tὋͭ Фѽၸည̨˝

Ծǌܷ᧙ዟ཯༥ଅஉҁဖܑ˖͗࠭ᒰප֖ࢺ40%

ၶখ९ဖὋᤈᏪᤴ੆ː᧗ᄉဖܑ᫇ڭ෉౿Ὃᆠܡڗ

ᮤ[2-3]ǌዟ཯༥࡚ᆩᨷᦺᄡ௃఺౅஧Ὃၿࠃॶ੊ቆ

ॶᄉလၔॱဨǋܲ ᧙ᆂᔭǋᖅ౎ᆂ࠵လၔͳ̾Ԣߗ

ኍፆంͳౝ੆ǌዟ཯༥˖လၔͳդ᧙ᡔܷὋФӐ

าবᡔᰳὋФܲၸ̅तኒत౅ǋऋපխᬃǋෲᆂߥ

Ջ੆ǋйˉኍᮖ۪[4-5]ǌዟ཯༥˶Ժͺ˝܌஧ၸ̅

ᐐՋྫྷ౅஧ὋКᦉ੊ᦉѫ̼ఢ༺ᳫၸͺൂᑚᛩु

ҍὋڙγ૆ᑚ஧ྫྷူবᑞᄉՎௐ௙௬ᬋͯၶ̖੆

ఴ὚ዟ཯༥ᤆХథંཎ֖᫽྆বᑞὋ܇ڙ஧౅஧˖

˶థःၸ֖଍ࣸǌଡᰳዟ཯༥ᄉѽၸညԺ̾ࣛ౎

ᄉፂ฿֖ᇪ͗஌ᄝ[6-7]ǌܷࢼ

ዟ཯༥֖Ф̴௃఺౅஧ʶಧὋၸͺᐐՋྫྷ܌

஧ௐ͗థᄰࠓবᣖࢿᄉ᫇ᮤὋ̾ ᒰ᣹ʿҁᮔయᄉ

஌౦ǌ˝ᝌф൤᫇ᮤὋᭉ᜵ࠪዟ཯༥ᤈᛠஇবܪ

ူὋ̾ இؒФˀథ఺౅஧ᄉᄰࠓব[8-9]ǌᄫґ˞᜵

ᄉዟ཯༥இবழกӉહྫྷူก὇ଘఽǋᡓጹӐǋᰳ

ᑞ๔᜷Ὀ֖Ӑߥก὇ϥᐎҍ֖ᛪ᭦าবҍஇবԢ

ᐐՋྫྷӉ᜷Ὀኍ[10]ὋФ˖ᣖ˝࣡ၸᄉழก௦࠱ዟ

཯༥ᤈᛠᡓጹӐူܪὋԀ̾ီᇛࢹᓧ౜ܷڠђ࠴

ዟ཯༥ዡफ़౎இؒФˀᐐՋྫྷᄉᄰࠓবǌͭီ

ᇛกڙߚᅋᑞᏱᰳǋܷܥ٩ኍ᫇ᮤὋࣲ ᣖᆀڙ˄

ᄉௐᫍЮዡफ़ђ࠴థᬌὋᭉ᜵ᤋ፝ီᇛ24 h̾ʼ

੥ᑞ᣹ҁူਆᄉஇব஌౦[11-14]ǌ᧓ၸӐߥกࠪዟ

཯༥ᤈᛠஇবѶڙߚ᤟ၸ᭦థᬌǋ੆ఴᣖᰳǋథ

఺ណҍథඈবǋܷ ᧙ᄉऋපऋචଅஉࠪဖܑʿԣ

ᓧழࢹ፮ᓣᄉۋ൤ᭉ᜵ʶሗளځኍᎤཁ[1Ὃ15]ǌݝ

۲᧚ᮉᄫὙ፮ᓣᣏࢹ౅஧ຫӑᄴ᧗ཁࠃᰍࠈधஉ۲᧚ᮉᄫ὇201906A07Ὀ
ͺᏧኤ̭Ὑߔߠ඄὇1997úὈὋႃὋၲ ᐖП̠ࢶὋຫӑڙߥܷˉࢹឳᆯܢᆐቂၶὋ˞ ᜵̯̂௃఺ᆇྫྷ౅஧ǋൂ ᑚǋ̓ߔ᠎૰ᒚኍᄉᆐቂǌ
*᤯ζᐎጆ ὇̠liuqt@hbut. edu. cnὈ
लၸఴ஠Ὑߔߠ඄Ὃѵබ௙ὋᗞᕥὋኍ. ॱၶྫྷီᇛ҃ܫॱዟӐዟ཯༥ԢФܸࠪཨൂᑚᛩुবᑞᄉᆐቂ[J]. ൂᑚࢹˉὋ2022Ὃ69὇12ὈὙ883-890.
CitationὙMENG ZiyiὋLIU YongmingὋKUAI RongὋet al.Micronized fly ash prepared through microbiolization and ball milling and its 

reinforcement to NR[J]. China Rubber IndustryὋ2022Ὃ69὇12ὈὙ883-890.
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กὋФ௄Ժ̾థ஌இবዟ཯༥ὋԠʿ͗ࠪဖܑᤴ੆ 
ӿࠎǌ

ఴࢹͺଡѢʶሗளۋᄉஇবࢹᓧὋԀѽၸᑻ

ᙌবॱၶྫྷˀီᇛᄰፆՋᄉழก౎ࠪዟ཯༥ᤈ

ᛠஇবǌХͳழก௦ѽၸᆴᦺᄡᤆԓᖗ὇SRBὈ֖
ऩӐᨠᤆԓᖗ὇DIRBὈᄉᑻᙌͺၸὋ࠱ʻ͈ᨠሎߔ

὇Fe3+Ὀᤆԓ˝Ժໄবᄉ͈̃ᨠሎߔ὇Fe2+Ὀǋ࠱ᆴᦺ

಩὇SO4
2-Ὀᤆԓ˝ᆴሎߔ὇S2-Ὀ[16-18]Ὃݟ൤ዟ཯༥ၿ

̅ЊገᎤܾ࠭ᒰፆౝѢဗߗวὋ̯ Ꮺᖌ३Хథఝ

ᇛὋီڠวፆౝᄉዟ཯༥὚ᬣՐв᤯᣾ᆀఆߗܲ

ᄉዟ཯༥ᤈʶ൥ᇛᆾὋ҃ߗܲ࠱ Ѣጹᮣዡዟ཯ܫ

༥ǌ൤ܰὋॱ ၶྫྷ͗ᬃᅋڙዟ཯༥ᛪ᭦Ὃၶ੆ʶࡎ

̝ප̝ෳবᄉၶྫྷᒚὋఝథѽ̅Фˀథ఺ᄰᄉፆ

ՋὋ̾ ൤ଡᰳᐐՋྫྷܬՋ౅஧ᄉҦߥবᑞǌ

1Ǌࠃᰍ

1. 1Ǌ˞᜵ԓ౅஧

ዟ཯༥ὋӐߥጷ੆὇̾ ᠎᧙ѫஜ᝟Ὀ̋ ̃ඬӐ

ᆩǊ47. 85%Ὃ̒ ඬӐ̃ᨷǊ41. 67%ὋඬӐ᪔Ǌ

0. 27%ὋඬӐ᧸Ǌ3. 28%Ὃ̒ ඬӐ̃ᨠǊ3. 11%Ὃ

ʻඬӐᆴǊ0. 53%ὋФ̴Ǌ3. 19%ὋԨᒬ᜴ࡢᄴ˖

ႂᇷܿԦႂథᬌ᠉͉МՂ༥ं὚˽ ᦺ᧿ǋᦷආ๒ඹ

๮ǋઇڭᛝᦺǋy පᆴᦺ᪔ǋᇟᦺඩ̃᨝ǋනӐ᧿ǋ

ᆴᦺ̍ᨠᩎὋڍᕱᬶڃӐߥណҍథᬌМՂֵ̖὚ܸ

ཨൂᑚ὇NRὈὋྠ ՁSCR-WFὋᐅᯰԝܷັ෇ൂᑚథ

ᬌ᠉͉МՂֵ̖὚༺ᳫN774ǋඬӐᩤǋᆵᑟᦺὋᖇᕎ

Ӑߥ὇᭞ࡳὈథᬌМՂֵ̖὚᫸Ꮴҍ4010NAǋ᫸Ꮴ

ҍRDǋΧᤈҍMBTS֖ΧᤈҍCBSὋֵ׫ࣉ὚Ԝሎ

ᒬ҃ǌࠈᰍࠃපὋߔ

1. 2Ǌណಧ҃ܫ

1. 2. 1ǊॱዟӐዟ཯༥ᄉ҃ܫ

ఴࢹͺ΍ၸᄉᖗሗ˝᭨Пග᫺বᖗὋФ˖

SRB˝ᑱᆴီᖗ࡚ὋDIRB˝࣎ၦගᖗ࡚ǌ

ᮔᦠ҃᠎᧙ใऎ˝4. 0 g·L-1ᄉ˽ᦺ᧿ໄ๮ǋ

1. 0 g·L-1ᄉᦷආ๒ඹ๮ǋ0. 1 g·L-1ᄉઇڭᛝᦺ

ໄ๮ǋ0. 2 g·L-1ᄉʸපՋᆴᦺ᪔֖0. 01 g·L-1ᄉ
ᇟᦺඩ̃᨝ໄ๮ǌѫѾԨ10 mLʼᤗᮔᦠ๮ǋ10 g
නӐ᧿֖0. 2 gᆴᦺ̍ᨠᩎҪЙҁ1 Lလၔၪᜈᄉ

۱Ш۲˖ὋвҪЙ200 mLᄉSRB๮ǋ10 mLᄉDIRB
๮֖50 gᄉዟ཯༥Ὃၸᗡᯣප۱࠱Ш۲ᛩ໗ᒯ1 L
ࣲୌӈǋ૜ᕤࠚǋ  ՐஉЙ37 ć়ຝ኷˖۱Ш14࠯
d὚۱ШՐᄉ۱Ш۲ઙ໙Ր60ڙ ćʽ࣯ྋὋ३ҁॱ

ၶྫྷዟ཯༥὚࠱ॱၶྫྷዟ཯༥Ꮅ̅ᛠ௠यီᇛ఺

˖Ὃ250ڙ r·min-1ᣀᤳʽѫѾီᇛ5Ὃ10Ὃ15Ὃ20Ὃ
25Ὃ30 minὋ३ҁॱዟӐዟ཯༥ǌ

1. 2. 2Ǌዟ཯༥/NRܬՋ౅஧ᄉ҃ܫ

ዟ཯༥/NRܬՋ౅஧ᄉᦠழݟᛪ1੝ᇧὋॱ ዟ

Ӑዟ཯༥ီᇛௐᫍ˝20 minǌ

ᛪ1ǊॱዟӐዟ཯༥/NRܬՋ౅஧ᄉᦠழǊ  Ǌ͊
Tab. 1ǊFormulations of micronized fly ash/NR

compositesǊǊǊǊǊǊ ǊǊǊphr

ጷǊǊѫ
ᦠழᎃՁ

1# 2# 3# 4# 5# 6# 7#

ዟ཯༥ 0 0 30 0 0 0 0
ॱዟӐዟ཯༥ 0 0 0 30 10 15 20
༺ᳫN774 0 30 0 0 20 15 10

ซὙNRǊ100ὋඬӐᩤǊ5ὋᆵᑟᦺǊ1Ὃ᫸Ꮴҍ4010NAǊ1Ὃ᫸

ᏤҍRDǊ1Ὃᆴ᳦Ǌ2ὋΧᤈҍMBTSǊ1.5ὋΧᤈҍCBSǊ1.5ǌ

థᬌМՂၶ̖ᄉڃ఺೙ᬶˋ̍ࡳ᭞ڙNR࠱

XK-160ۋधགྷ఺ʼ̅60 ćʽ܇གྷ3 minὋཨՐΙ

൒ҪЙඬӐᩤǋᆵᑟᦺǋ᫸ᏤҍǋΧᤈҍὋᘘ᤯1൒὚

вҪЙᛩुͳጆὋᘘ᤯3൒὚ణՐҪЙᆴ᳦Ὃᘘ᤯3
൒ὋѢྞὋຈགྷᑚϢஉ24 hǌຈགྷᑚ᧓ၸ੆ᦏᓇԦ

๮ԌࢹርథᬌМՂၶ̖ᄉYJ46ۋ๮ԌᆴӐ఺ᤈᛠ

ᆴӐὋᆴӐ్͇˝160 ć×t90ǌ

1. 3Ǌ฽ណѫౡ

1. 3. 1ǊЏߥ௬ॱ᪪ѫౡ

᧓ၸॳڍ२Ӵ௬ॱጆፑМՂၶ̖ᄉDM2500
བԻϟЏ௬ॱ᪪᜹ࠢॱၶྫྷஇবዟ཯༥᣾ርᄉۋ

ଡԨಧǌ

1. 3. 2ǊX࠰ጲЏႂߔᑞ៧ḚXPSḛѫౡ

᧓ၸ௅ఴUIVAC-PHÌ٧МՂၶ̖ᄉPHI 
5000 Versa Probe ĉۋXPS̀฽ណዟ཯༥˖ᨠǋᆴ

ЊገԪӐǌ

1. 3. 3Ǌଋᝎᝇ฽ណ

᧓ၸʼ๑˖௽ஜߙ੾శ᝹ܫథᬌМՂၶ̖ᄉ

JC2000Dۋଋᝎᝇ฽ណ̀฽ណዟ཯༥இবґՐᄉ

̝පব֖̝ෳবଋᝎᝇὋᰍ᝼Ф̝පব֖̝ෳ὇๮



ኃ 12 య ߔߠ඄ኍὍॱ ၶྫྷီᇛ҃ܫॱዟӐዟ཯༥ԢФܸࠪཨൂᑚᛩुবᑞᄉᆐቂ 885

ͳᆂᚒὈবǌ

1. 3. 4Ǌዡफ़฽ណ

᧓ ၸ Ꮎ ڍ ࣊ ᱔ А ๑ ஠ ̀ ٧ М Ղ ၶ ̖ ᄉ

ZetaplusۋZetaႂͮԢዡफ़฽ណ̀ᤈᛠዟ཯༥ዡ

फ़฽ណὋ΍ၸ༎Џዡऎ฽ណഴयὋ̾ Ԝሎߔප˝ໄ

ҍὋ᤯᣾ᮣዡᛡ࠰Џ੊஘࠰Џᄉቆᫍѫ࣊ѫౡᮣ

ዡዡफ़ǌ

1. 3. 5Ǌੲଠႂߔ௬ॱ᪪ḚSEMḛѫౡ

᧓ၸ௅ఴ௅በМՂၶ̖ᄉSU8010ڣۋԦ࠰

SEMࠪዟ཯༥्᠁Ԣዟ཯༥/NRܬՋ౅஧ற᭦ᤈ

ᛠ᜹ࠢὋ᜹ࠢґណಧؤ᧚ူܪὋФ˖ܬՋ౅஧ڙ๮

ධ˖ᑠறǌ

1. 3. 6ǊBETܲѫࡎߔխᬃѫౡ

᧓ၸᎾ᳠ڍА᳭။ଡА̀٧МՂၶ̖ᄉ

ASAP2020 plusۋКᒬҮඊᛪ᭦ሤխᬃѫౡ̀฽

ណዟ཯༥இবґՐධචխᬃ-ᑱᬃఛጲԢߗͳሤ

ጌ᝟᧙ǌ

1. 3. 7ǊᆴӐྱব

᧓ၸ˖ڍԻັᰳᨠ೜฽̀٧థᬌМՂၶ̖ᄉ

MH-3000Aۋ௃ᣀߔᆴӐ̀฽ណຈགྷᑚᄉᆴӐྱ

বὋ฽ណຝऎ˝160 ćὋ฽ណௐᫍ˝400 sǌ
1. 3. 8Ǌડͨবᑞ

᧓ၸ፤ᥧ᝹٧̀ܫథᬌМՂၶ̖ᄉWBE-
9000Bൂۋᑚડͨណᰍ఺૊ཱᄰःࠑڍಕэ฽ណ

ᆴӐᑚᄉડͨবᑞὋᤤၸćۋᜆѧὋ࠱ណಧᎵ̅25 
ćཋ኷˖ុᓫ24 hՐ฽ណǌ

1. 3. 9ǊҮখҦߥবᑞ

᧓ၸᎾڍTAМՂၶ̖ᄉQ800ۋҮখҦߥ

ѫౡ̀฽ណᆴӐᑚᄉҮখҦߥবᑞὋ฽ណ్͇Ὑ

ҜѬഴयὋᮟညǊ1 HzὋःԪǊ1%ὋӣຝᤳညǊ3 
ć·min-1ὋຝऎᔴډǊˉ50̚120 ćǌ

2Ǌፆ౦ˀᝦ᝶

2. 1Ǌॱၶྫྷዟ཯༥ᄉᛪड़

2. 1. 1Ǌॱၶྫྷᑻᙌዟ཯༥఺ူ

ॱၶྫྷᑻᙌஇবዟ཯༥ᄉЏߥ௬ॱ᪪ڎ៧Ԣ

Фͺၸ఺ူ1ڎݟ੝ᇧǌ

ዟ཯༥Юథᑻᙌবॱၶྫྷ੝ᭉᄉᖸШྫྷ᠎Ὃ

ዟ཯༥ᛪ᭦Ὃࣲڙᅋᬃڠ൤ॱၶྫྷ͗ᒬཨځ ्੆

ၶྫྷᒚ

˲ᦺᄡ
˽ᦺᄡ

˽ᦺᄡ

˲ᦺᄡ

ዟ཯༥
DIRB

SRB
SOx

Fe3+

Fe2+ FeS

S2+

὇aὈ௬ॱ᪪ڎϷǊ   ǊǊǊǊǊǊ὇bὈᑻᙌ఺ူ
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Fig. 1ǊOptical microscope image and mechanism of 
microbial corrosion modified fly ash

ʶࡎၶྫྷᒚ[19]ǌ1ڎݟ὇aὈ੝ᇧὋڙЏߥ௬ॱ᪪ʽὋ

ፂ᭨Пග౿ᓣူܪՐὋॱ ၶྫྷյጙᓣὋឬ௙ឞॱ

ၶྫྷ˝᭨Пග᫺বᖗὋࣲ Ժຌఀڠ᜹ࠢҁॱၶྫྷ

ᬃᅋ̅ዟ཯༥ᛪ᭦ǌ᤯᣾ॱၶྫྷ̼៘ͺၸ[1ڎݟ
὇bὈ੝ᇧ]Ὃႂ ᣀሧҁዟ཯༥˖ᄉFe3+ԢᆴඬӐྫྷߔ

὇SOxὈ̟ Ὃ् ੆Fe2+֖S2-ࣲໄᝌڙප˖ὋՐ̃ᏧԠ͗

्੆ளᄉᆴӐ̍ᨠጩዚෛ๲ྫྷ[17Ὃ20]Ὃᤇ˓᣾ርԺ̾

Χ΍ዟ཯༥्੆ܲߗᛪ᭦ǌᬣᅋᑻᙌ᣾ርᄉ૆፝

ᤈᛠὋܲ ὋΧ΍ዟ཯༥̾ఝ܅ګዟ཯༥ᛪ᭦Ѣဗߗ

ǌڙߚᄉᮣዡӬ࿗࠴

2. 1. 2ǊXPSѫౡ

ॱၶྫྷஇবґՐዟ཯༥XPS៧ᄉԪӐৰхݟ

2੝ᇧǌڎ

ዟ཯༥ᄉXPS៧ူܪ2὇aὈԺ̾ᄹѢὙలڎ̯

˖ὋSOx170̾ࢎ. 5 eV˝˖ॶ὚ॱ ၶྫྷዟ཯༥ᄉXPS
៧161ڙ. 5 eVܪѢဗ˿S2-ࢎὋᏪSOxࢎђ࠴Ὃᤇ᝼

SRBᄉѫᝌ̼៘ҩᑞǌ˿ࠃ

Ժ̾ѫࢎ2὇bὈԺ̾ᄹѢὋFeЊገᄉྱड़ڎ̯

੆Fe2+὇710. 5 eVὈ֖Fe3+὇713. 5 eVὈˏሗ࿃খᄉ

ྱड़ࢎὋዟ཯༥இবґՐᄉXPS៧˖ڨѢဗFe3+ྱ

ड़ࢎὋᏪॱၶྫྷዟ཯༥ᤆѢဗ˿Fe2+ྱड़ࢎὋᛪ௙

DIRB̼ڙ៘᣾ር˖̖ၶ˿Fe2+[21-22]ǌ

൤ܰὋ̯ 2὇aὈ֖ڎ ὇bὈԺ̾᜹ࠢҁॱၶྫྷዟ཯

༥ᄉSOx֖FeЊገᄉुࢎऎ௬ᗂᬋͯὋᤇ˶ˀᑻᙌ

ॱၶྫྷᄉѫᝌ̼៘ͺၸథСǌ

2. 1. 3Ǌଋᝎᝇѫౡ

ఴᆐቂ᤯᣾ଋᝎᝇ฽ណᰍ᝼ॱၶྫྷᒚᬃᅋڙ

ዟ཯༥ᛪ᭦ᄉ̝පব֖̝ෳবԪӐৰхǌዟ཯༥

֖ॱၶྫྷዟ཯༥ᄉ̝පଋᝎᝇ֖̝ෳଋᝎᝇڎݟ

3੝ᇧǌ
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Fig. 2ǊXPS spectra of fly ash and microbial fly ash
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Fig. 3ǊHydrophilic contact angles and l ipophil ic contact 
angles of fly ash and microbial fly ash

ၿ̅ዟ཯༥ᛪ᭦դథܷ᧙ᄉᏃ۲Ὃځ൤ዟ཯
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76. 73°Ὃյဗ̝ප႟ෳবǌڙॱၶྫྷஇব᣾ር˖Ὃ
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̎ˀ्੆ၶྫྷᒚᄰСᄉ۲ځᛪ᣹ᜁ༎าὋѫ෽Ѣ

ܷ᧙ᄉᑉܰᐐՋྫྷ౎ᐐᬶॱၶྫྷὋၿ൤्੆ʶࡎ

Хథ̝ප̝ෳবᄉၶྫྷᒚὋ̯ Ꮺ΍३ዟ཯༥ᄉ̝

ෳଋᝎᝇђ࠴ᒯ30. 35°Ὃ̝ පଋᝎᝇԪӐʿܷ[23]ǌ

2. 2ǊॱዟӐዟ཯༥ᄉᛪड़

2. 2. 1Ǌዡफ़ѫౡ
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Fig. 4ǊEffect of ball milling time on particle sizes of 

fly ash and micronized fly ash

 ˝ዡफ़ጝڨ4Ժ̾ᄹѢὋዟ཯༥ᄉࣰڎ̯
1 233 nmὋॱ ၶྫྷዟ཯༥ᄉࣰڨዡफ़Ժђ࠴ᒯጝ

970 nmὋፂီᇛ20ူܪ minᄉॱၶྫྷዟ཯༥ᄉࣰڨ

ዡफ़ђ࠴ᒯጝ194 nmǌᤇ௦ڙ˝ځॱၶྫྷᑻᙌዟ

཯༥ᄉ᣾ር˖Ὃ͗ థFe3+֖SO4
2-ሎߔౡѢὋ࠭ ᒰѷ

বᄉዟ཯༥ᛪ᭦ᜁᆠڭᏪ܅࢜Ὃ̖ ၶܲߗፆౝὋ΍

३ዟ཯༥ፆౝᆠᆾὋዡफ़ђ࠴὚ځ˝Хథܲߗፆౝ
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̨ᑞђ࠴ᒯጝ504 nmὋፘ፝ढ᫁ီᇛௐᫍ˶௃ก
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൤ܰὋᬣᅋီᇛௐᫍፘ፝ढ᫁Ὃዟ཯༥ᄉࣰڨ

ዡफ़థ႔ॱܷܘὋᤇԺᑞ௦ځ˝ီᇛௐᫍ᣾᫁Ὃዟ

཯༥ᄉዡफ़᣾࠴Ꮺ࠭ᒰᛪ᭦ᑞ᣾ᰳὋ΍३ጹᮣዡ

ዟ཯༥ϙՓ̅᧗ளڃᐐڙʶᡐ[12]ǌ

ዟ཯༥ǋॱ ၶྫྷዟ཯༥֖ॱዟӐዟ཯༥ᄉ

SEMཱྞ5ڎݟ੝ᇧǌ
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Фܲ˝ʿ᜺ѶᮣዡὋᛪ᭦ᣖ˝ዣዿὋᤇ௦ၿ̅ፂ᣾

ॱၶྫྷᑻᙌՐ̖ၶߗวፆౝᄉዟ཯༥ఝࠓ௛ᜁᰳ

ᑞီᇛᆠᆾὋ̯ Ꮺ३ҁ࠴ዡफ़ᄉዟ཯༥ǌ

2. 2. 2ǊBETܲѫࡎߔխᬃԢߗफ़ѫౡ

ዟ཯༥ǋॱ ၶྫྷዟ཯༥֖ॱዟӐዟ཯༥ᄉ

BETܲѫࡎߔխᬃԢߗफ़ѫౡፆ౦6֖ڎݟᛪ2 
੝ᇧǌ

minՐὋ 20ူܪ6֖ᛪ2Ժ̾ᄹѢὙፂီᇛڎ̯

ॱዟӐዟ཯༥ᄉධචխᬃ᧙Ԣ໔ٿဖ௙௬ђ࠴Ὃ

BETඊᛪ᭦ሤ˝ణ࠴Ϙ὇5. 11 m2·g-1ὈὋጌ᝟ߗͳ

ሤ˶ణ࠴Ὃᛪ௙ܲߗᄉዟ཯༥ఝࠓ௛ᜁᆠᆾὋ् ੆

ᆾᮣዡὋᄰඊԓݼዟ཯༥ዡफ़ܷࣧђ࠴὚ᬣᅋီᇛ

ௐᫍፘ፝ढ᫁Ὃዟ཯༥ѢဗڃᐐὋ໔ٿဖܷܘὋጌ

᝟ߗͳሤܷܘὋᤇ௦ၿ̅ዟ཯༥ီڙᇛ᣾ር˖ౝ

ʶᡐ[24-25]ǌڙᐐڃዡϙՓ̅ᮣ࠴இԪὋۋ

2. 3ǊॱዟӐዟ཯༥/NRܬՋ౅஧ᄉবᑞ

2. 3. 1ǊᆴӐྱব
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Fig. 6ǊResults of BET multi molecular layer absorption and
 bore size analysis of fly ashḞmicrobial fly ash and 

micronized fly ash
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Fig. 5ǊSEM photos of fly ashḞmicrobial fly ash and micronized fly ash
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ᛪ2Ǌዟ཯༥ǋॱ ၶྫྷዟ཯༥֖ॱዟӐዟ཯༥ᄉ
ඊᛪ᭦ሤ

Tab. 2ǊSpecific surface areas of fly ashḞmicrobial fly ash and
micronized fly ashǊ  ǊǊǊǊǊm2·g-1

ᮉǊǊᄫ BETඊᛪ᭦ሤ బ᎖࠶ඊᛪ᭦ሤ

ዟ཯༥ 6. 57 41. 48

ॱၶྫྷዟ཯༥ 6. 45 42. 99

ॱዟӐዟ཯༥

Ǌီᇛ10 min 5. 49 26. 18

Ǌီᇛ20 min 5. 11 24. 11

Ǌီᇛ25 min 8. 19 48. 66

Ǌီᇛ30 min 9. 90 61. 22
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Fig. 7ǊCuring curves of micronized fly ash/NR composites
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Fig. 8ǊTensile properties of micronized 

fly ash/NR composites
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Fig. 9ǊSEM photos of micronized fly ash/NR composites
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Micronized Fly Ash Prepared through Microbiolization and Ball Milling and 
Its Reinforcement to NR

MENG Ziyi1ὋLIU Yongming2ὋKUAI Rong1ὋLEI Qianjie1ὋFU Xudong1ὋZHANG Rong1Ὃ

HU Shengfei1ὋLIU Qingting1

὇1. Hubei University of TechnologyὋWuhanǊ430068ὋChina὚2. Beihang UniversityὋBeijingǊ100191ὋChinaὈ

AbstractὙIn the first stepὋthe fly ash was subjected to microbial corrosion treatmentὋand then the 
micronized fly ash was prepared by ball-milling process. After 20 min of ball millingὋthe average particle 
size of the fly ash was effectively reduced from about 1 250 nm to 194 nmὋwhich was significantly smaller 
than that of the fly ash὇about 504 nmὈ obtained by direct ball milling under the same conditions. More 
importantlyὋthere were still hydrophilic and lipophilic biofilms on the surface of the microbial modified fly 
ash even after ball millingὋwhich was beneficial to improve the interface compatibility of the fly ash and 
organic materials. The tensile strength of natural rubber὇NRὈ composites with micronized fly ash/carbon 
black blend could reach 24. 6 MPaὋwhich was equivalent to that of NR composite reinforced by carbon black 
alone. The scanning electron microscope analysis also confirmed that the compatibility of the micronized fly 
ash after microbiolization and ball milling treatment with NR was greatly improved.
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