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ʿՎඬӐᩤڙᕱၸCIIRᑚ܊˖ःၸᄉኍՎবᆐቂ

ဌཁཁὋဌతతὋ०त௙Ὃషᩏӧ*Ὃӧʶஏ

὇෇ᔙӧПᕱၸள౅஧ᐦ͊థᬌМՂὋ෇ᔙ ෇᫺ 214443Ὀ

୑᜵Ὑᆐቂ΍ၸ2˓ԇࠑඬӐᩤᄉᕱၸනӐʷ۲ൂᑚ὇CIIRὈᑚ܊ՉᮉবᑞᄉኍՎবǌፆ౦ᛪ௙Ὑ2
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ඬӐᩤ௦ʶሗᄆᓣ੊ॱ᳦ࣛᓣᄉዟళὋͅ ˝

าӐҍҪЙൂᑚ[1]Ὃᑞଡᰳᑚ஧ᄉྫྷူবᑞ[2]Ὃ΍ൂ

ᑚֵ҃ХథᓡݝᄉᏬᇛǋઇୟᜇবᑞ̾ԢीবὋځ

൤Фᜁࣸคःၸ̅ൂᑚ̖ˉ[3-6]ǌ

ඬӐᩤڙӝᕱၸൂᑚֵ҃ၶ̖˖˶ࣂ੆˝ʿ

Ժ੊Ꭴᄉ౅஧[7]Ὃ˞ ᜵ͺ˝ᆴӐาӐҍڙᕱၸӷӐ

ʷ۲ൂᑚᑚ܊˖ࣸคःၸǌᄫґᕱၸනӐʷ۲ൂ

ᑚ὇CIIRὈᑚ܊˖ඬӐᩤःၸᄉᆐቂᣖ[8-10]࠵ǌ

ఴࢹͺᆐቂ2˓ԇࠑၶ̖ᄉඬӐᩤःၸ̅ᕱ

ၸCIIRᑚ܊˖ՉᮉবᑞᄉࢿऩὋ̾ ΦᏥࠢʿՎඬ

ӐᩤڙᕱၸCIIRᑚ܊˖ःၸՐᄉ᠎᧙࡚ব௦ՠኍ

ՎὋ̾ య˝ᕱၸCIIRᑚ܊ၶ̖͌ˉᄉֵ̖বᑞ૆

፝இᤈଡΘʶ߿ᄉύ᧜Ὃࠪ ᕱၸᑚ܊ᄉԓ౅஧Ԫ

ఝఢ૰ଡΘԟᏥΙ૵ὋᬋͯඬӐᩤԓ౅஧Θःᩖ

ᄉ᮲ᬖǌ˖ڍӝᕱӉᜈӨ͗ᤂయԦ࣊˿ᄰС஠͇

ǑʼࣉᕱֵӉᜈԪఝኍՎব/Ժఢ̼বԢᄰࠓবᆐ

ቂૈӮ὇T/CNPPA 3019ú2022ὈǒὋጆፑڠ᫧ᤗ˿

ӝᕱӉᜈ౅஧ԪఝኍՎবᆐቂᄉழกὋᤇ˶௦ӝ

ᕱӉᜈ౅஧ᄉᆐቂབཁǌ

1Ǌࠃᰍ

1. 1Ǌ˞᜵ԓ౅஧

CIIRὋྠ ՁExxon Chlorobutyl 1066Ὃ۟ А೧Ꮎ

὇̟ߜ ๑ࣉὈઅᠪథᬌМՂֵ̖὚ඬӐᩤ1#ὋТӐڍ

᣹ᩤֵథᬌМՂֵ̖὚ඬӐᩤ2#ὋGrillo-Zinkoxid
МՂֵ̖ǌ

1. 2Ǌᦠழ

CIIRǊ100ὋཀྵདᰳڗࡺǊ66ὋᆴӐҍǊ4Ὃ᧺
ᄆዟǊ3ὋඬӐᩤ὇ԪֵሗὈǊ2. 7Ὃ༺ᳫǊ0. 3ǌ

1#ᦠழ᧓ၸඬӐᩤ1#Ὃ2#ᦠழ᧓ၸඬӐᩤ2#ǌ

1. 3Ǌ˞᜵᝹٧֖̀ܫ

LN-1. धགྷ఺Ὃѽૅۋགྷ఺֖LN-160ࠚۋ5

఺೙὇̀ ᖀὈࠃˉథᬌМՂֵ̖὚P-V-50-PCDۋ

ᆴӐ఺ὋᇗᆂෳԌࢹ ὇̄߶ॵὈథᬌМՂֵ̖὚UR-
2010SDۋ௃ᣀߔᆴӐ֖̀UT-2080ۋડҦណᰍ

఺Ὃ͕ ᐯመ੾ᐦ͊థᬌМՂֵ̖὚ZWF-110X30
ප๐়ຝ૜ᕤ٧Ὃ̓ۋ ๑ఄۡѫౡ̀٧҃ᤴథᬌ

МՂֵ̖὚Mastersizer 3000ۋ༎Џዡऎ̀Ὃᔭڍ

Malvern PanalyticalМՂֵ̖὚iCAP RQႂۋਕᏸ

Ջኍሎߔͳ᠎៧̀Ὃᠾ᳭ᮺˆ࠶መ੾МՂֵ̖὚

Phenom XL G2ۋԻयੲଠႂߔ௬ॱ᪪὇SEMὈ[դ
X࠰ጲᑞ᧙ᓣ஘៧὇EDSὊ]Ὃܬጩመ٧̀ߥ὇̓

๑ὈథᬌМՂֵ̖ǌ

ͺᏧኤ̭Ὑဌཁཁ὇1988úὈὋݘὋ෇ᔙ෇᫺̠Ὃ෇ᔙӧПᕱၸள

౅஧ᐦ͊థᬌМՂࢹር࣍ὋᆯܢὋ˞ ᜵̯̂ӝᕱၸीবͳ͇࠯ࠚᄉ

ᆐቂǌ
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1. 4Ǌណಧ҃ܫ

ᑚ஧ᄉ҃ܫὙၶᑚ֖࠴஧὇ඬӐᩤᬓ Ὀܰڙ

.धགྷ఺ʼ૱ᑚ2ڙӈՐଅᑚὋڨགྷ఺˖ຈགྷࠚ 5 
minὋ̔ ྞὋે ౵чԁՐὋڙधགྷ఺ʼᤈᛠᤄགྷࣲ

ҪЙᆴӐҍ֖ඬӐᩤὋᘘ᤯3൒Ὃ࠱ᣝᡯុஞᒯ0. 5 
mmὋ੩ʻᝇӉ2൒ὋຈགྷڨӈՐʽྞὋϢஉ24 hՐ 
ၸǌܫ

ណಧࣰڙ౛ᆴӐ఺ʼᆴӐὋᆴӐ్͇˝185 
ć/20 MPa×὇t90ˇ2 minὈǌ

ᕱၸᑚ܊ᄉ҃ܫὙ૊ཱࢹᓧ᜵යὋ᤯᣾ຈགྷǋ

ᮔ੆ۋǋᆴӐǋу᣷ǋຌรኍ҃ࣿࢹ३ᕱၸCIIR 
ᑚ܊ǌ

1. 5Ǌবᑞ฽ណ

1. 5. 1ǊඬӐᩤᄉዡफ़ѫ࣊

ሥԨ0. 2 g὇ዴᆷᒯ0. 000 1 gὈඬӐᩤᎵ̅50 
mLད౓˖Ὃ᧙Ԩ10 mLጥӐපὋв΍ၸᇒҦ଴ણ٧

r·min-1ᣀᤳʽ଴ણ5 minὋ᧓ၸʶ൒বໞክ 200ڙ

խԨ଴ણՐᄉ˖ᫍࡎໄ๮ͺ˝ѫ஘᠎ὋਤਤໞЙ

ҪЙ400 mLጥӐප὇ͅࣂ ˝ѫ஘̭᠎Ὀᄉѫ஘٧

˖ὋᒯᥓЏऎጝ˝15%ՐὋಧֵໄ๮ၿѫ஘ጆፑᄉ

ሎॶณᣤᤞᒯ˞఺˖ᄉ฽᧙෈Ὃၸ༎Џዡऎ̀฽

ណዡफ़ѫ࣊ǌ

1. 5. 2ǊඬӐᩤᄉ्᠁ᛪड़ԢЊገጷ੆

ಧֵԻ࠭ႂᑚڙӈዤڨྋᄉඬӐᩤಧֵ࣯࠱

ʼὋՎௐ΍ၸԌ᎕ቆචծੲಧֵԻὋ࠱ዤ᠚ʿྩᄉ

ಧֵԜᬓὋݝܫ҃࠱ᄉಧֵԻஉᎵ̅ಧֵ౓˖Ὃᤈ

ᛠSEM֖EDS฽ណǌ

1. 5. 3Ǌᑚ஧ᄉᆴӐྱব

᧓ၸ௃ᣀߔᆴӐ̀૊ཱGB/T 16584ú1996฽
ណὋ฽ណ్͇˝185 ć×6 minǌ
1. 5. 4ǊᆴӐᑚᄉྫྷူবᑞ

ᥰ࠶Aۋᆵऎ૊ཱGB/T 531. 1ú2008ᤈᛠ฽

ណ὚ડͨবᑞ૊ཱGB/T 528ú2009ᤈᛠ฽ណ὚Ԍ᎕

බˣԪ्૊ཱGB/T 7759. 1ú2015ᤈᛠ฽ណǌ

1. 5. 5Ǌᑚ܊ᄉူӐবᑞ

ᕱၸCIIRᑚ܊ᄉူӐবᑞ૊ཱYBB00052005ú
2015Ǒซ࠰ၸ௃ᖗዟళၸӷӐʷ۲ൂᑚ܊ǒᤈᛠ

฽ណǌ

1. 5. 6Ǌᑚ܊ԺଡԨྫྷ฽߿

.ҜᆾὋሥԨ10 g὇ዴᆷᒯ0܊ᕱၸCIIRᑚ࠱ 000 1 
gὈ๒ง̅ᜈథ50 mLጥӐපᄉᐐٽට˲བྷၪ˖ࠚὋ

ćʽଡԨ24 hὋ 70ڙὋ˖ՐᎵ̅ප๐়ຝ૜ᕤ٧࠯
ଡԨՐᄉໄ๮ፂͳሤѫஜ˝2%ᄉᆲᦺሩ᧕ՐὋၿ

ႂਕᏸՋኍሎߔͳ᠎៧̀฽߿ଡԨЊገǌ

2Ǌፆ౦ˀᝦ᝶

2. 1Ǌዡफ़ѫ࣊

᧓ၸ༎Џዡऎ̀᤯᣾ѫڙ࣊ʿՎᝇऎʼᄉ೜

฽٧฽߿ᛡ࠰ЏᄉͮᎵ֖ुऎζোὋཨՐ಩૵ዚ

ගူ᝶᝟ኪѢՉዡߔᄉዡफ़ѫ࣊ὋԺ३ҁዡफ़ܷ

ఛጲኍ[11-14]ǌˏሗඬӐᩤᄉዡफ़ѫ࣊ዡफ़ѫ֖࠴

ᛪ1੝ᇧὋФ˖D10ὋD50֖D90ѫѾૈጌሤݟፆ౦࣊

ዡऎѫ10˝࣊%Ὃ50%֖90%ௐࠪःᄉዡफ़ὋФ̼

ᛪ˿̅࠴ឞዡफ़ᄉዡߔӳඊ˝10%Ὃ50%֖90%ǌ

ǊǊǊǊǊ  Ǌᛪ1ǊඬӐᩤᄉዡफ़ѫ࣊ǊǊǊǊ ǊǊȝP

ᮉǊᄫ
ඬӐᩤ1# ඬӐᩤ2#

ኃ1൒ ኃ2൒ ኃ3൒ Ϙڨ ኃ1൒ ኃ2൒ ኃ3൒ Ϙڨ

D10 3. 09 3. 16 2. 89 3. 05 2. 73 2. 67 2. 54 2. 65
D50 7. 04 7. 22 6. 86 7. 04 6. 37 6. 11 6. 58 6. 35
D90 18. 2 18. 6 17. 4 18. 1 17. 8 18. 4 16. 9 17. 7

̯ᛪ1Ժ̾ᄹѢὙඬӐᩤ1#֖2#ᄉዡफ़ѫ࣊႔

థࢿऩὋᤇ௦ʿՎԇࠑᄉၶ̖ࢹᓧࢿऩᤴ੆ᄉ὚ˏ

ሗඬӐᩤᄉዡफ़ѫڨ࣊ӈὋ˄ ඬӐᩤ1#֖2#᧗ܬ฽

ǌ߿5%Ὃ᠎᧙ᣖ˝ሶ̅࠴ڨࢿ3൒ᄉᄰࠪಕэϟ߿

2. 2Ǌ्᠁ᛪड़ԢЊገጷ੆

ఴࢹͺѫѾࠪඬӐᩤ1#֖2#ᤈᛠSEMᛪ᭦्

᠁ѫౡ֖EDSᛪ᭦Њገ੆ѫѫౡǌ

ඬӐᩤ1#֖2#ᄉSEMཱྞ1ڎݟ੝ᇧǌ̯1ڎ
Ժ̾ᄹѢὋˏ ሗֵ̖ڨᛪ᭦ຌผǋ௃ऩྫྷὋ˄ ѫ஘

࿃খᓡݝǌ

ඬӐᩤ1#֖2#ᄉЊገጷ੆ԢФӳඊ὇᠎᧙ѫ

ஜὈݟᛪ2੝ᇧǌ

̯ᛪ2Ժ̾ᄹѢὋˏ ሗඬӐᩤᄉЊገጷ੆ᄰ

ՎὋ˄ ඬӐᩤ1#֖2#ᄉՉЊገӳඊࢿऩ࠴ǌ

2. 3ǊᆴӐྱব֖ྫྷူবᑞ

᧓ၸඬӐᩤ1#֖2#ᄉᑚ஧ᄉᆴӐྱব֖ྫྷူ

বᑞݟᛪ3੝ᇧ὇ᛪ˖᝹߿ᄉૈಕԟᏥᄫґ੺᧙ၶ

̖ᄉՎᦠழᕱၸCIIRᑚ܊ஜ૵Ὀǌ

̯ᛪ3Ժ̾ᄹѢὙ1#֖2#ᦠழᑚ஧ᄉึҮব֖

̓ᐎࠚऎ۲ఴʶᒰὋts2֖t90ᄰᤂὋᑚ஧ᄉᆴӐᤳऎ

ᄰॆ὚1#֖2#ᦠழᑚ஧ᄉᆵऎǋડͨुऎǋડறͨ᫁

ည֖Ԍ᎕බˣԪ्ኍՉᮉবᑞஜϘଋᤂ˄ڙڨ᝹
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150 μm

὇aὈඬӐᩤ1#

150 μm

὇bὈඬӐᩤ2#

1ǊඬӐᩤᄉSEMཱڎ ὇ྞஉܷυஜ˝1 000Ὀ

ǊǊǊǊᛪ2ǊˏሗඬӐᩤᄉЊገጷ੆ԢФӳඊǊǊǊ%

ಧǊǊֵ
Њገ᠎᧙ѫஜ

C O Zn
ඬӐᩤ1# 11. 10 26. 90 62. 00
ඬӐᩤ2# 9. 01 26. 13 64. 86

ᛪ3ǊˏሗඬӐᩤࠪCIIRᑚ஧ᆴӐྱব֖ྫྷူবᑞᄉॕֽ

ᮉǊǊᄫ 1#ᦠழ 2#ᦠழ ૈಕ

ᆴӐ̀ஜ૵

ǊFL/὇dN·mὈ 3. 68 3. 43 3̚5
ǊFmax/὇dN·mὈ 14. 64 15. 23 10̚16
Ǌts2/min 1. 92 1. 86 1̚3
Ǌt90/min 4. 27 4. 35 3̚5
ᆴӐᑚবᑞ

Ǌᥰ࠶Aۋᆵऎ/ऎ 57 58 55̚60
Ǌ100%ͨ߿ःҦ/MPa 4. 54 4. 88 3̚5
Ǌ300%ͨ߿ःҦ/MPa 9. 84 9. 86 8̚10
Ǌડͨुऎ/MPa 10. 89 10. 95 9̚12
Ǌડறͨ᫁ည/% 320 319 300̚350
ǊԌ᎕බˣԪ्/% 24 23 20̚25

ЮὋԀ1#֖2#ᦠழᑚ஧ᄉྫྷူবᑞԺډᄉૈಕᔴ߿

᜼˝ኍՎǌ

2. 4ǊᕱၸCIIRᑚ܊ᄉူӐবᑞ

᧓ၸ1#֖2#ᦠழᑚ஧ၶ̖ᄉᕱၸCIIRᑚ܊ѫ

Ѿ᝭˝ᑚ2֖#1܊#ὋФူӐবᑞݟᛪ4੝ᇧǌ

̯ᛪ4Ժ̾ᄹѢὋᑚ2֖#1܊#ᄉူӐবᑞڨቿ

ᛪ4ǊᕱၸCIIRᑚ܊ᄉူӐবᑞ

ᮉǊǊᄫ ᑚ1܊# ᑚ2܊# ૈಕ

༥ѫ᠎᧙ѫஜ/% 39 39 İ50
ʿໄবॱዡ὇ı10 ȝPὈ
Ǌஜ᧙/὇ዡ·mL-1Ὀ 17 16 İ60
ʿໄবॱዡ὇ı25 ȝPὈ
Ǌஜ᧙/὇ዡ·mL-1Ὀ 0 0 İ6
༂ຌऎ ˘0. 5Ձ ˘0. 5Ձ İ2Ձ฼ऎ๮

ᮧᓣ ௃ᓣ ௃ᓣ İ5Ձ᳦፮ᓣ

ಕэ๮

pHϘԪӐ 0. 2 0. 2 İ1. 0
խЏऎ1Ὀ 0. 04 0. 03 İ0. 2
ʿ૘Ԧྫྷ2Ὀ/mg 0. 3 0. 3 İ4. 0
௛ඬӐྫྷ3Ὀ/mL 0. 2 0. 2 İ7. 0
᧗᧚࡚դ᧙ ˘1×10-6 ˘1×10-6 İ1×10-6

ᩎሎߔդ᧙/% ˘0. 000 2 ˘0. 000 2 İ0. 000 2
ᩤሎߔդ᧙/% ˘0. 000 3 ˘0. 000 3 İ0. 000 3
ႂ࠭ည/὇ȝ6·cm-1Ὀ 3. 8 4. 1 İ40. 0

ซὙ1Ὀจ᫁ᔴ220̚360˝ډ nm὚2ὈΘណ๮ˀቆᄆ๮ᄉʿ૘Ԧ

ྫྷ᠎᧙ᄉࢿϘ὚3ὈΘណ๮ˀቆᄆ๮๖Ᏹᄉໞ߿๮ͳሤᄉࢿϘǌ

ՋಕэὋ˄ ᑚ2֖#1܊#ᄉՉᮉူӐবᑞૈಕڨଋ

ᤂὋឬ௙΍ၸʿՎԇࠑᄉඬӐᩤၶ̖ᄉᑚ2֖#1܊#

ᄉူӐবᑞኍՎǌ

2. 5ǊᕱၸCIIRᑚ܊ᄉԺଡԨྫྷ

ᆐቂʿՎඬӐᩤࠪᕱၸCIIRᑚ܊ᄉԺଡԨྫྷ

ᄉॕֽὋࠪ ᑚ2֖#1܊#ᤈᛠЊገଡԨណᰍὋፆ౦ݟ

2੝ᇧǌڎ
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᧙
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Mg A1 K Si Zn

Њገ

1 2

1úᑚ1܊#὚2úᑚ2܊#ǌ

ᄉЊገଡԨፆ౦˖܊2ǊCIIRᑚڎ

೜฽Ѣڨ˖#2֖#1܊ᑚڙ2Ժ̾ᄹѢὙڎ̯

MgὋAlὋKὋSiὋZnЊገὋФ̴Њገ̅ͯڨ೜Ѣᬌ὚ඊ

ᣖᑚ2֖#1܊#˖ᄉՉЊገ೜฽ፆ౦ὋలѢဗளܘЊ

ገὋ˄ ՉЊገդ᧙ࢿϘ2±ڙ ȝJ·g-1ЮὋЊገໄѢ

පࣰ௃௬ᗂܘҪὋᛪ௙᧓ၸʿՎԇࠑඬӐᩤᄉᑚ

ኍՎᄉଡԨྫྷ៧[15]ǌߥХథӐ#2֖#1܊



ԓ౅஧·ᦠՋ

e�598�e

2022 ࣱኃ 20 ԃᄠ੎ଖ৲

3Ǌፆ᝶

὇1Ὀ಩૵༎Џዡऎ֖̀SEMѫౡԺ३ὋඬӐᩤ

1#֖2#ᄉዡफ़ѫڨ࣊ӈὋѫ஘࿃খݝὋ˄ ᛪ᭦Њገ

ጷ੆ᄰՎὋՉЊገѫ࣊᜺।ʶᒰǌ

὇2Ὀ1#֖2#ᦠழᑚ஧ᄉᆴӐྱবᄰॆὋྫྷ ူব

ᑞԺ᜼˝ኍՎὋ˄ ᄉ੾శ᜵යǌ߿ቿՋ᝹ڨ

὇3Ὀᑚ2֖#1܊#ᄉူӐবᑞኍՎὋ˄ ቿՋ 
ಕэ᜵යǌ

὇4Ὀᑚ2֖#1܊#ଡԨណᰍలѢဗளܘЊገ˄Չ

Њገդ᧙ࢿϘ2±ڙ ȝJ·g-1ЮὋ᧓ၸʿՎԇࠑඬӐ

ᩤᄉ2ሗCIIRᑚ܊ХథӐߥኍՎᄉଡԨྫྷ៧ǌ

᤯᣾Չᮉবᑞ฽ណὋඬӐᩤ1#֖2#ःၸ̅ᕱ

ၸCIIRᑚ܊˖ᄉ᠎᧙࡚বኍՎὋԀ᧓ၸඬӐᩤ1#

֖2#ᄉ2ሗCIIRᑚ܊ᦏቿՋ᠎᧙᜵යὋ᤟ၸবڨԺ 
ଋԩǌ

ԟᏥ஠࿸Ὑ
[1]  HEIDEMAN GὋDATTA R NὋNOORDERMEER J W MὋ

et al. Influence of zinc oxide during different stages of sulfur 

vulcanizationὙElucidated by model compound studies[J]. Journal of 

Applied Polymer ScienceὋ2005Ὃ95὇6ὈὙ1388-1404.

[2]  ᦋᯯ᫹Ὃᡎ᠛ᔭὋ៭በ߰Ὃኍ. าবඬӐᩤ֖͛ፑඬӐᩤܸࠪཨൂᑚ

ᑚ஧বᑞᄉॕֽ[J]. .Ὃ2021Ὃ47὇13ὈὙ49-51ܫ੾శˀᜈ܇ൂ

[3]  ᴜᮺᮺὋիส᫹Ὃဌ߼ဖὋኍ. ൂᑚᆴӐาবҍඬӐᩤڙᑁΞᦠழ˖

ᄉःၸᆐቂ[J]. ᴎ᱔ᆂෳӐࢹὋ2021Ὃ49὇2ὈὙ94-98.

[4]  ०ྉὋᦄ͚ѷὋष᳀. ඬӐᩤˀาবඬӐᩤࠪීᢻԦҮ఺১Ꮅᑚ஧

Ԣ੆ֵবᑞᄉॕֽ[J]. ൂᑚመ੾Ὃ2018Ὃ16὇4ὈὙ33-35.

[5] .Ὃի௙ၶ࣌ߛ   বᑞᄉॕߥՋඬӐᩤܸࠪཨൂᑚᆴӐྱব֖Ҧܬ

ֽ[J]. ᭞ࡳመ੾ܷߥߥઐ὇ᒬཨመߥ ὈྟὋ2022Ὃ43὇1ὈὙ71-76.

[6]  ᏗΪߥὋᛵЍ݌ὋృਆὋኍ. າกඬӐᩤሗዜ֖ၸ᧙ܸࠪཨൂᑚবᑞ

ᄉॕֽ[J]. ᣂᑁࢹˉὋ2020Ὃ40὇1ὈὙ34-40.

[7]  ᣷ਥЏὋषᖯὋ᭽ॳʼὋኍ. ϥᐎҍSi69-ጩዚඬӐᩤஇবപഖጛ፤

ܸࠪཨൂᑚܬՋ౅஧বᑞᄉॕֽ[J]. ൂᑚࢹˉὋ2021Ὃ68὇2ὈὙ109-

113.

[8]  ဌत௙Ὃဌ˟Ὃ౏ᓷὋኍ. ඬӐᩤࠪʷᑷൂᑚᏬᇛবᑞᄉॕֽ[J]. ේ

᫹ܷߥߥઐ὇ᒬཨመߥ ὈྟὋ2019Ὃ31὇6ὈὙ448-453.

[9]  ဌআὋဌᨬὋృ˖ᤤ. නʷൂᑚ/ʷ۲ൂᑚᄉ੆्ࢹᓧᆐቂ[J]. ᬎ᜴

ߥઐ὇ᒬཨመߥᬒߥࢹူ ὈྟὋ2013὇4ὈὙ1-4.

[10]  ̫ ౅஧ᄉࡈՋ᫽ܬᔉὋരӧὋᆂᏣѷὋኍ.ᰳবᑞනӐʷ۲ൂᑚڍ

.বᑞᆐቂ[J].౅஧࠭ઐὋ2015Ὃ29὇8ὈὙ57-61ࡈ᫽ߥ੾శԢҦܫ҃

[11]  ృᏅὋᬇපౣ.ᕘᦺᩤབѫᝌ్͇ࠪඬӐᩤዡफ़ᄉॕֽ[J].ዴጹӐ

.Ὃ2004Ὃ21὇1ὈὙ5-7Ὃ15ࢹ

[12]  ᘜနὋѵཱ݋.ԥः్͇ࠪॱዚጞඬӐᩤዟͳዡफ़ᄉॕֽ[J].ࡢˋ

ӐࢹὋ2015Ὃ44὇6ὈὙ50-52.

[13]  ᑊఄ߼ὋᮎॏὋᡎ࠴ᗨ. FTIR-OMNI᧓ಧڙ٧HIIRᕱၸᑚ܊ѫ

ౡ˖ᄉःၸ[C].ຫӑᄴӐߥӐ͗ߥࢹဖܑӐߥӐށˉ˃ࢹտ͗

.Ὃ2009Ὑ42-43͗ߥࢹӐߥ௘ὙຫӑᄴӐࠁ.శࣱ͗᝶஠ᬶߥ2009ࣱ

[14]  WONG W K.Impact of elastomer extractables in pharmaceutical 

stoppers and seals material supplier perspectives[J]. Rubber WorldὙ

The Technical Service Magazine for the Rubber IndustryὋ2009Ὃ240

὇3ὈὙ20-29.

[15]  ဌ஠ѷὋիᓤὋ఑ᩊὋኍ. ளۋᣑᕱ٧ࠓ˖ຊҪҍᄉଡԨណᰍᆐ 

ቂ[J]. ᝌஉиᕱߥߥઐὋ2016Ὃ32὇3ὈὙ215-218Ὃ242.

அሼ௅యὙ2022-07-28

Equivalence Study of Application of Different Zinc Oxides in 
Pharmaceutical CIIR Stoppers

WANG DiandianὋWANG YueyueὋXU JianmingὋZHU YinhuaὋHUA Yimin
὇Jiangsu Hualan New Pharmaceutical Material Co. ὋLtdὋJiangyinǊ214443ὋChinaὈ

AbstractὙThe equivalence of various properties of pharmaceutical chlorobutyl rubber(CIIR) stoppers 
using zinc oxides from two manufacturers was studied. The results showed that these two kinds of zinc oxides 
had good dispersibilityὋand the composition and distribution of elements on the surface were consistent.
The vulcanization characteristics of the two zinc oxide filled compounds were equivalentὋand the physical 
properties were deemed equivalent and met the technical requirements. The physical and chemical properties 
of the two CIIR stoppers prepared with two zinc oxides respectivelyὋmet the YBB00052005ú2015 standard 
and had chemically equivalent extract spectra. The quality attributes of the two zinc oxides were equivalent in 
pharmaceutical CIIR stoppersὋand their applicability was acceptable.

Key wordsὙzinc oxide὚pharmaceutical rubber stopper὚CIIR὚substitution὚equivalence὚element὚physical 
and chemical property




