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᜵Ḭᆐቂᗯంᆂࡊᆇዡफ़֖இবࠪʷᔬൂᑚSBRὈᑚবᑞᄉॕֽǌፆ౦ᛪὙᬣᅋᗯంᆂࡊᆇዡफ़[D90ጌ

ѫ࣊ҁ90%ᄉዡफ़Ὀ]ђ࠴ὋSBRᑚᄉFLὋFmax֖FmaxˉFLܷܘὋSBRᆴӐᑚᄉ᧙૮ܾည˝5%֖50%ௐᄉབѫᝌຝऎ

ଡᰳ̾Ԣབѫᝌຝऎ˝700 ćௐᄉ᧙γညܷܘՉஇবҍೢ ഓᦺǋϥᐎҍKH-550ǋᨷᦺᦲ֖ᆵᑟᦺὈஇবᗯంᆂࡊ

ᆇዡफ़˝2. 75 ȝPὈᄉSBRᆴӐᑚᄉ300%ͨ߿ःҦǋડͨुऎ֖ୟᜇुऎܷܘὋФ˖ϥᐎҍKH-550இবᗯంᆂࡊᆇᄉ

SBRᆴӐᑚᄉ300%ͨ߿ःҦǋડͨुऎ֖ୟᜇुऎణܷὋѫѾ˝5. 8 MPaὋ7. 1 MPa֖24 kN·m-1ϥᐎҍKH-550இবᗯ

ంᆂࡊᆇˀSBRᄉዤፆᣖݝὋФSBRᆴӐᑚᄉୟᜇற᭦ᣖ˝ዣዿǋᒰࠚǌ
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ʷᔬൂᑚSBRὈ௦ʷ̃བྷˀᔬ˲བྷፂᒬၿ

۲ᐐՋ३ҁᄉՋൂᑚὋФᏬᇛবᑞ֖ᏬᏤӐব

ᑞ͕ܸ̅ཨൂᑚNRὈὋҪࢹবᑞˀNRଋᤂὋͭ

ྫྷူবᑞᣖࢿὋܲ  ܘЌෳ̾܌Ќ༺ᳫ̾ᛩुὋ܌
᭼[1-2]ǌSBRԺ̼̾ఢNRˀNR֖Ф̴Ջൂᑚ

ࣲၸࢹڙˉǋйˉ֖ၶาၸֵኍᮖ۪ᄉൂᑚֵ҃

˖ःၸǌ˝˿ᤈʶଡᰳSBRֵ҃ᄉবᑞὋՎௐᬋ

ͯФၶ̖ఴὋ࣡ᭉ᜵ڙSBRᑚ˖܌Ќ܌ǌ

ᗯంᆂࡊᆇᄉ˞᜵ѫ௦Al2O3֖SiO2SiO2ӳඊ

˝81. 4%ὋAl2O3ӳඊ˝15. 5%ὈὋ̾ Фͺ˝܌ఢ

̼͛ፑᄉᰳڗࡺǋᆂዟǋᇎᦺ᧸Ժ̾இؒൂ܇

ᄉ፫Ջবᑞ[3-5]ǌ

ఴࢹͺᆐቂᗯంᆂࡊᆇዡफ़֖இবࠪSBRᑚ

বᑞᄉॕֽὋ̾ య˝ᗯంᆂࡊᆇᄉᰳӐःၸ

ଡΘԟᏥǌ

1Ǌࠃᰍ

1. 1Ǌ˞᜵ԓ

SBRὋྠ ՁYH-796Ὃ̟ ᬛᆂӐࣄڃᆂӐᬶڍ

ѫМՂֵ̖ᗯంᆂࡊᆇὋӮӮ౼ᗯంᆂᆇԇ

ֵ̖ඬӐᩤǋᆵᑟᦺ֖ᆴ᳦ὋڍᕱᬶڃӐߥណҍ

థᬌМՂֵ̖Ꮴҍ4010NAὋๅ᳦ࡷๅˋൂ

ᑚүҍథᬌМՂֵ̖ୱͺෳὋຆڡ˖Ӑࢹథ

ᬌМՂֵ̖ΧᤈҍCBSὋ̀ ӑүҍӐࢹథᬌМՂ

ֵ̖ǌ

1. 2Ǌ˞᜵٧֖̀ܫ

TY-160ۋधགྷὋᔙຸܸណᰍܫథᬌМ

Ղֵ̖HPE-63ۋӦᒬҮࣰᆴӐὋ̓ ๑᜴တ

͚Ҧൂ܇థᬌМՂֵ̖KY6002ۋᣀߔᆴ

Ӑ̀ὋੳࣉࢶᦏӜधຸណᰍԇֵ̖STA-
449Cۋབ᧗TGὈѫౡ̀ὋᏬ̓ ๑Ὂ٧

థᬌМՂֵ̖LX-AۋᆵऎὋ̓ ๑͟ႂ̀

ᛪథᬌМՂֵ̖AI-7000S1ͩۋనଌ҃ડҦណ

ᰍὋᰳ ᨠ̀٧̀ ᖀὈథᬌМՂֵ̖JSM-
5610LVۋੲଠႂߔ௬ॱ᪪SEMὈὋఴႂߔತय

͗ᇪֵ̖ǌ

1. 3Ǌᦠழ

SBRǊ100ὋᗯంᆂࡊᆇԪዡफ़ǋԪஇবҍὈ

ͺᏧኤ̭Ὑຍ1988úὈὋႃὋຫӑ൦ල̠Ὃ൦ල᧚ԦመథᬌМՂࢹር࣍ὋᆯܢὋ˞ ᜵̯̂ᰳѫܬߔՋᄉᆐቂǌ
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Ǌ50ὋඬӐᩤǊ4ὋᆵᑟᦺǊ0. 8ὋᏤҍ4010NAǊ
1. 5ὋୱͺෳǊ0. 5Ὃᆴ᳦Ǌ2. 5ὋΧᤈҍCBSǊ2ǌ

ណᰍၸᗯంᆂࡊᆇዡफ़[D90ጌѫ࣊ҁ

90%ᄉዡफ़Ὀ]ѫѾ˝53. 93Ὃ27. 44Ὃ12. 92Ὃ5. 60Ὃ
2. 75 ȝPᗯంᆂࡊᆇஇবҍѫѾ˝ೢഓᦺǋϥᐎ

ҍKH-550ǋᨷᦺᦲ֖ᆵᑟᦺὋஇবҍၸ᧙˝ᗯం

ᆂࡊᆇၸ᧙ᄉ2%ǌ

1. 4Ǌណಧ҃ܫ

ᑚຈགྷڙधགྷʼᤈᛠὋຈགྷࢹᓧ˝ὙSBR
ǋୱͺ܌ǋ࠴གྷӉᣝՐѫҪЙ܇धགྷʼڙ

ෳὋᑚՈዟՐҞᑚὋཨՐҪЙΧᤈҍ֖ᆴ᳦Ὃᤈ

ᛠ5ú6ᘘὋុ ᓫᣝᡯࣲʽྞǌຈགྷᑚஉᎵ8 h
Րၸǌ

ᑚڙӦᒬҮࣰᆴӐʼᆴӐὋᆴӐ్͇

˝180 ć×10 minǌ
1. 5Ǌѫౡណ

1ὈᆴӐྱবὙཱGB/T 16584ú1996ᤈᛠ

ណὋណຝऎ˝180 ćǌ

2Ὀᥰ࠶AۋᆵऎὙཱGB/T 531ú2008ᤈᛠ

ណǌ

3ὈડͨবᑞὙཱGB/T 528ú2009ᤈᛠ

ណὋડͨᤳည˝500 mm·min-1ǌ
4ὈୟᜇुऎὙཱGB/T 529ú2008ᤈᛠ

ណὋ᜔ ्ណಧὋડͨᤳည˝500 mm·min-1ǌ
5ὈTGѫ ౡὙධ ච ච ඦὋӣ ຝ ᤳ ည ˝ 10 

ć·min-1Ὃណᰍຝऎᔴ30̚900˝ډ ćǌ

6Ὀ् ᠁ѫౡὙ᧓ၸSEMᤈᛠណಧୟᜇற᭦्

᠁ࠢὋற᭦ፂؤ᧚ူܪǌ

2Ǌፆ౦ˀᝦ

2. 1Ǌ  ʿ Վዡफ़ᗯంᆂࡊᆇᄉSBRᑚᄉᆴӐ 
ྱব

ʿՎዡफ़ᗯంᆂࡊᆇᄉSBRᑚᄉᆴӐྱব

ᛪ1ᇧǌݟ

̯ᛪ1Ժ̾ᄹѢὙᬣᅋᗯంᆂࡊᆇዡफ़ᄉђ

ណᰍᔴڙܷܘὋSBRᑚᄉFLὋFmax֖FmaxˉFL࠴

ЮὋॆډ ᗯంᆂࡊᆇᄉዡफ़˝2. 75 ȝPௐὋSBRᑚ

ᄉ̓ᐎࠚऎFmaxˉFLὈణܷὋt90ᣖᆀǌѫౡᝢ

˝Ὃᬣᅋᗯంᆂࡊᆇዡफ़ᄉђ࠴ὋФඊᛪ᭦ሤܘ

ܷὋᛪ᭦าবଡᰳὋԀᗯంᆂࡊᆇˀൂᑚѫߔᄉଋ

ᝎညܷܘὋఝࠓˀൂᑚѫ्ߔӉࠓᑚὋᑚᄉ

̓ᐎርऎܷܘὋ̯ Ꮺ३ᑚᄉFL֖Fmax[7-6]ܷܘǌ

ᛪ1ǊʿՎዡफ़ᗯంᆂࡊᆇᄉSBRᑚᄉᆴӐྱব
Tab. 1ǊVulcanization characteristics of SBR compounds with 

different particle sizes kyanite tailings

ዡफ़/ȝP
FL/

dN·mὈ
Fmax/

dN·mὈ
FmaxˉFL/

dN·mὈ
t10/

s
t90/

s

Ǌ53. 93 0. 082 1. 048 0. 966 42. 0 488. 4
Ǌ27. 44 0. 093 1. 057 0. 964 45. 6 438. 6
Ǌ12. 92 0. 105 1. 079 0. 974 46. 8 442. 8
Ǌ5. 60 0. 109 1. 086 0. 977 42. 6 411. 6
Ǌ2. 75 0. 114 1. 095 0. 981 45. 0 421. 2

2. 2Ǌ  ʿ Վዡफ़ᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉབሶ

ব߿

ʿՎዡफ़ᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉTGѫౡ

ፆ౦1֖ڎݟᛪ2ᇧT5֖T50ѫѾ˝ᆴӐᑚᄉ

᧙૮ܾည˝5%֖50%ௐᄉབѫᝌຝऎὋR700˝བѫ

ᝌຝऎ˝700 ćௐᆴӐᑚᄉ᧙γညὈǌ
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ᗯంᆂࡊᆇᄉዡफ़/ȝPὙ1ú55. 932ú12. 923ú2. 75ǌ

ᆇᄉSBRᆴӐᑚᄉTGఛጲࡊ1ǊʿՎዡफ़ᗯంᆂڎ
Fig. 1ǊTG curves of SBR vulcanizates with different 

particle size kyanite tailings

ᛪ2ǊʿՎዡफ़ᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉTGԟஜ
Tab. 2ǊTG parameters of SBR vulcanizates with different 

particle sizes kyanite tailings

ዡफ़/ȝP T5/ć T50/ć R700/%

Ǌ53. 93 289 459 33. 79
Ǌ12. 92 293 460 34. 28
Ǌ2. 75 301 462 35. 00

ᆇዡफ़ࡊ1֖ᛪ2Ժ̾ᄹѢὋᬣᅋᗯంᆂڎ̯

ᄉђ࠴ὋSBRᆴӐᑚᄉ᧙૮ܾည˝5%֖50%ௐ

ᄉབѫᝌຝऎյӣᰳᡕҸὋབѫᝌຝऎ˝700 ćௐ

ᄉ᧙γညյܷܘᡕҸǌᤇ௦ځ˝ᬣᅋᗯంᆂ

SBRڙѫڠὋథү̅ФఝҪథ࠴ᆇዡफ़ᄉђࡊ
۲ͳ˖Ὃˀ SBR۲ͳ्ुᎩፎፆౝὋSBRᆴӐ

ᑚᄉབሶ߿বुܘὋབѫᝌຝऎӣᰳὋ᧙γည
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ଡᰳ[8-11]ǌ

2. 3Ǌ  ʿ ՎஇবҍஇবᗯంᆂࡊᆇᄉSBRᆴӐᑚ

ᄉྫྷူবᑞ

ʿՎஇবҍஇবᗯంᆂࡊᆇᄉSBRᆴӐᑚ

ᄉྫྷူবᑞݟᛪ3ᇧᗯంᆂࡊᆇዡफ़˝2. 75 
ȝPὈǌ

̯ᛪ3Ժ̾ᄹѢὙᗯంᆂࡊᆇஇবՐSBRᆴӐ

ᑚᄉᥰ࠶Aۋᆵऎ֖ડறͨ᫁ညԪӐʿܷὋ300%
-ϥᐎҍKHܷܘःҦǋડͨुऎǋୟᜇुऎͨ߿
550இবᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉ300%ͨ߿ः

ᛪ3ǊʿՎஇবҍஇবᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉ 
ྫྷူবᑞ

Tab. 3ǊPhysical properties of SBR vulcanizates with kyanite 
tailings modified by different modifiers

ᮉǊǊᄫ లஇব
இবҍ

ೢഓᦺ
ϥᐎҍ
KH-550 ᨷᦺᦲ ᆵᑟᦺ

ᥰ࠶Aۋᆵऎ/ऎ 56 56 54 56 55
/ःҦͨ߿300%

ǊMPa 3. 8 4. 9 5. 8 4. 7 4. 5
ડͨुऎ/MPa 5. 2 6. 2 7. 1 5. 0 6. 4
ડறͨ᫁ည/% 390 406 382 327 367
ୟᜇुऎ/

ǊkN·m-1Ὀ 18 20 24 17 20

Ҧǋડͨुऎǋડறͨ᫁ည֖ୟᜇुऎణܷὋѫѾ

˝5. 8 MPaὋ7. 1 MPa֖24 kN·m-1Ὃ፫Ջྫྷူবᑞ

ణ·ǌᤇ௦ځ˝ϥᐎҍKH-550ᄉবቪˀ܌

Ԣ᭣বቪˀൂᑚᄰ̈ͺၸᏪुܘ˿ᆴӐᑚᄉ̓

ᐎᎩፎፆౝὋ̯ Ꮺଡᰳ˿ᆴӐᑚᄉྫྷူবᑞǌೢ

ഓᦺǋᨷᦺᦲǋᆵᑟᦺஇবᗯంᆂࡊᆇᄉᆴӐᑚᄉ

ྫྷူবᑞ˧ǌ

ॕֽSBRᆴӐᑚྫྷူবᑞᄉځገὙʁ ௦இব

ҍˀൂᑚ۲ͳᄉᄰࠓবὋ̃ ௦இবညǌஇবҍ

ᄉᇎᩖᩖᓫ᫁ὋФˀൂᑚᄉᄰࠓবݝԥःব߽ᑞ

าবᰳὋФஇবညᰳǌϥᐎҍKH-550இবᗯڃ

ంᆂࡊᆇᄉ౦ణݝὋѫౡᝢ˝Фԥःาবसᛩ

˿ᄰࠓবᄉʿᡛ[12-14]ǌஞͳឬὋᗯంᆂࡊᆇஇব

ՐSBRᆴӐᑚᄉྫྷူবᑞᣖݝǌ

2. 4Ǌ ᗯంᆂࡊᆇஇবࠪSBRᆴӐᑚୟᜇற᭦्

᠁ᄉॕֽ

ᗯంᆂࡊᆇஇবࠪSBRᆴӐᑚୟᜇற᭦्᠁

ᄉॕֽ2ڎݟᇧᗯంᆂࡊᆇዡफ़˝2. 75 ȝPὈǌ

ᆇᄉSBRᆴࡊ2Ժ̾ᄹѢὙలஇবᗯంᆂڎ̯

Ӑᑚᄉୟᜇற᭦ᣖ˝ࣰஞǋ႟ౚϥᐎҍKH-550
இবᗯంᆂࡊᆇᄉSBRᆴӐᑚᄉୟᜇற᭦ᣖ˝ዣ

50 μm

ǊǊ

10 μm

aὈஇবҍஉܷ1 000υὈǊǊǊǊǊǊǊǊbὈஇবҍஉܷ5 000υὈ

50 μm

ǊǊ

10 μm

cὈϥᐎҍKH-550இবஉܷ1 000υὈǊǊǊǊdὈϥᐎҍKH-550இবஉܷ5 000υὈ

ᆇஇবࠪSBRᆴӐᑚୟᜇற᭦्᠁ᄉॕֽࡊ2Ǌᗯంᆂڎ
Fig. 2ǊEffect of kyanite tailings modification on tear section morphologies of SBR vulcanizates
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ዿǋᒰࠚǌѫౡᝢ˝Ὑᗯంᆂࡊᆇᛪ᭦Хథु

বὋФڙSBR˖ѫবᣖࢿὋ˄ ଋᝎႌ᭦ڙߚþቆ

วÿϥᐎҍKH-550இবᗯంᆂࡊᆇՐὋϥᐎҍ

KH-550ᛪ᭦ᄉත۲ˀᗯంᆂࡊᆇᄉᏃ۲Ԧၶԥ

ःὋुܘ˿ᗯంᆂࡊᆇˀൂᑚႌ᭦ᄉᄰ̈ͺၸὋ

ᗯంᆂࡊᆇॡڠݝѫڙSBR۲ͳ˖Ὃᗯంᆂࡊᆇ

ˀSBRᫍᄉዤፆҦ[15]ܷܘǌ

3Ǌ ፆ

1Ὀᬣᅋᗯంᆂࡊᆇዡफ़ᄉђ࠴ὋSBRᑚᄉ

FLὋFmax֖FmaxˉFLܷܘॆ ᗯంᆂࡊᆇᄉዡफ़˝

2. 75 ȝPௐὋSBRᑚᄉ̓ᐎࠚऎణܷǋt90ᣖᆀǌ

2Ὀᬣᅋᗯంᆂࡊᆇዡफ़ᄉђ࠴ὋSBRᆴӐᑚ

᧙૮ܾည˝5%֖50%ௐᄉབѫᝌຝऎӣᰳ̾Ԣ

བѫᝌຝऎ˝700 ćௐᄉ᧙γညܷܘǌ

3ὈϥᐎҍKH-550இবᗯంᆂࡊᆇዡफ़˝

2. 75 ȝPὈᄉSBRᆴӐᑚᄉ300%ͨ߿ःҦǋડͨु

ऎ֖ୟᜇुऎణܷὋѫѾ˝5. 8 MPaὋ7. 1 MPa֖24 
kN·m-1Ὃ፫Ջྫྷူবᑞణ·ǌ

4ὈϥᐎҍKH-550இবᗯంᆂࡊᆇˀSBRᄉ

ዤፆᣖݝὋФSBRᆴӐᑚᄉୟᜇற᭦ᣖ˝ዣዿǋ 
ᒰࠚǌ
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Effects of Kyanite Tailings on Properties of SBR Compounds

WEN Yuan1ὋLI Zhen2ὋHU Shan2ὋHE Liuwei1

1. Wuhan Kingfa Technology Co. ὋLtdὋWuhanǊ430000ὋChina2. China University of GeosciencesὋWuhanǊ430000ὋChinaὈ

AbstractὙThe effects of the particle size and modification of kyanite tailings on properties of styrene 
butadiene rubberSBRὈ compounds were studied. The results showed that with the decrease of kyanite 
tailings particle size[D90the cumulative distribution particle size of 90%Ὀ]Ὃthe FLὋFmax and FL ˉ Fmax of 
SBR compound increasedὋthe thermal decomposition temperatures of SBR vulcanizate at 5% and 50% mass 
loss rates and the mass retention rate at 700 ć were improved. The tensile stress at 300% elogationὋtensile 
strength and tear strength of SBR vulcanizate with kyanite tailingsparticle size was 2. 75 ȝmὈ modified 
by various modifierspalmitic acidὋcoupling agent KH-550Ὃaluminate and stearic acidὈ increasedὋand the 
tensile stress at 300% elongationὋtensile strength and tear strength of SBR vulcanizate with kyanite tailings 
modified by coupling agent KH-550 were the highestὋwhich were 5. 8 MPaὋ7. 1 MPa and 24 kN·m-1Ὃ

respectively. Kyanite tailings modified by coupling agent KH-550 had better bonding with SBRὋand the tear 
section of the SBR vulcanizate was rough and dense.

Key wordsὙSBRkyanite tailingsparticle sizemodificationvulcanization characteristicsphysical 
propertysection morphology

˃ѽ2Ѷ
ၿڍᎩӑ̚ႂࣉҦМՂǋႂࠑڍᎩథᬌМՂ

ᆐቂᬒథᬌМՂႁឯᄉ˃ѽМߥҦመႂڍ˖֖

యǊ2022-03-25Ὀ࣊ՁǊCN 114231032AὋМ࣊
þʶሗᆩൂᑚፏᎅǋᆩൂᑚፏᎅͳԢФ҃ܫழ

ก֖ःၸÿὋ๗Ԣᄉᆩൂᑚፏᎅᦠழ˝Ὑᆩൂ

ᑚǊ100Ὃඩ᪃ۋᒬνܬǊ0. 5̚5ὋڌӐҍǊ

1̚5ǌၿ̅ඩ᪃ۋᒬνܬХథᒬᢵԺ्ܲ

᧗Ժᤣඩ᪃ᄉྱཁὋឞᆩൂᑚፏᎅᖌ३˿ᒬ

νྱܬবὋԀڙᆩൂᑚႂಝ౧᥊அ᎕ՐὋФ᥊

Юܝʼᄉඩ᪃ᒬνܬ्ܲ᧗ඩ᪃Ὃࠪ ႂಝ

౧᥊ᤈᛠథᤋଋὋ̯ Ꮺࠪႂಝ౧૮͝Ӝ۪ᡐ

ҁ̭ႂᛩुͺၸࣲં҃ႂಝ౧ᄉвၶ᫁ὋᥗБځ

ႂಝ౧вၶ᫁࠭ᒰᄉѣቇᬩӿԢᰳԌႂҦܫ

ᄉᤁᛠ߶Кǌ

ၿ߰จฐመൂގᑚመథᬌМՂႁឯᄉ˃ѽ

М࣊ՁǊCN 114249930AὋМ࣊యǊ2022-03-
29ὈþʶሗᏬຈՋໄҍᄉൂᑚǋ҃ ழกԢܫ

Фᛪ᭦ူܪழกÿὋ๗Ԣᄉൂᑚᦠழ˝Ὑ̫ ᑷ

ൂᑚǊ35̚40ὋනᇠӐᐐ˲བྷൂᑚǊ5̚8Ὃᡓᰳᄰ

ࠪѫߔ᧙ᐐ˲བྷǊ5̚8Ὃᯰ ᦺᦣஇবᐐ˲བྷ

Ǌ2̚3Ὃ༺ᳫǊ5̚10Ὃ܌Ǌ20̚25ὋඬӐᩤ

Ǌ2̚3Ὃॱ ంᚒǊ2̚3ὋᣃӐҍǊ3̚5ὋᏤҍǊ

1̚2Ὃᆴ᳦֖ΧᤈҍǊ᧙ǌФᑚຈགྷࢹᓧݟ

ʽὙ1Ὀ̫ ᑷൂᑚ֖නᇠӐᐐ˲བྷൂᑚࠚڙགྷ

ຈՋA˖ҪЙڙགྷὋᖌ३ຈՋA2ὈЎ܇˖

ᏤҍǋඬӐᩤǋॱ ంᚒࣲຈགྷڨӈὋཨՐҪЙ༺

ᳫǋ܌ǋᣃӐҍвຈགྷڨӈὋణՐҪЙᡓᰳ

ᄰࠪѫߔ᧙ᐐ˲བྷ֖ᯰᦺᦣஇবᐐ˲བྷຈགྷ

80̚120 sὋᖌ३ຈՋB3ὈڙຈՋB˖ҪЙ

ᆴ᳦֖ΧᤈҍὋຈགྷڨӈὋ҃ ३ຈགྷᑚǌឞᆴӐൂ

ᑚᏬʶ̎ব֖᭣বᄉຈՋໄҍǌ

ఴѮᎃᣣᦉǊᡎǊஏὈ


