
    

ᵝᘧ㹁㸫㸯㸷ᵝᘧ㹁㸫㸯㸷ᵝᘧ㹁㸫㸯㸷ᵝᘧ㹁㸫㸯㸷    

    

⛉Ꮫ◊✲㈝ຓᡂ஦ᴗ㸦⛉Ꮫ◊✲㈝ຓᡂ஦ᴗ㸦⛉Ꮫ◊✲㈝ຓᡂ஦ᴗ㸦⛉Ꮫ◊✲㈝ຓᡂ஦ᴗ㸦⛉Ꮫ◊✲㈝⿵ຓ㔠⛉Ꮫ◊✲㈝⿵ຓ㔠⛉Ꮫ◊✲㈝⿵ຓ㔠⛉Ꮫ◊✲㈝⿵ຓ㔠㸧◊✲ᡂᯝሗ࿌᭩㸧◊✲ᡂᯝሗ࿌᭩㸧◊✲ᡂᯝሗ࿌᭩㸧◊✲ᡂᯝሗ࿌᭩    

 

ᖹᡂ 24ᖺ 6᭶ 11᪥⌧ᅾ 

 

 

 

 

 

 

 

 

 

 

 

 

 

◊✲ᡂᯝࡢᴫせ㸦࿴ᩥ㸧㸸 

 ሷ໬࡞࠺ࡼࡢ࣒࢘ࢽࢥࣝࢨࣥ࣋➨ᅄ࣒࢘ࢽࣔࣥ࢔ሷᆺᢠ⳦๣࡛ࡶ㸪ᑐࢳ࢚-2)ࢫࣅ࡟ࣥ࢜ࢽ࢔
ぢฟࢆ࡜ࡇࡿࢀࡽᚓࡀሷࡢᾮయࡶ࡛ 㸪ᐊࡤ࡭㑅ࢆ࡝࡞㓟ࣥࣜྠࡸ㓟ࢡࣁࢥ࣍ࣝࢫ(ࣝࢩ࢟࣊ࣝ
ᛂ⏝㸪ࡢ࡚ࡋ࡜ῧຍ๣ࣝࢽࣅሷ໬࣏ࣜ㸪ࡋウ᳨ࡃࡋヲࢆ⬟ᶵ࡜ᛶ≀ࡢࡽࢀࡑࡣ࡛✲◊ᮏࠋࡓࡋ
Ỉ⣔⇕፹య⏝ᢠ⳦๣ࡢ࡚ࡋ࡜ᛂ⏝㸪ࡢࡑ௚㉥ⰍⓎගᛶ Eu(III)㘒యࡢⓎගຠ⋡ࡿࡏࡉୖྥࢆ➨஧
㓄఩Ꮚࡢ࡚ࡋ࡜࡝࡞ᛂ⏝ࡢ㏵ࠋࡓࡋ♧ࢆ 

 

◊✲ᡂᯝࡢᴫせ㸦ⱥᩥ㸧㸸 
  The benzalkonium cation, which is a component of a comparatively safety antimicrobial agent, forms 

a room temperature ionic liquid with bis(2-ehylhexyl) sulfosuccinate and -phosphate anions. 

Applicability of the ionic-liquid-type benzalkonium salts as polymer additives and antimicrobial agents 

for cooling water has been studied. Also it has been found that the salt with bis(2-ehylhexyl)phosphate 

anion can be used as an enhancer to increase the emission efficiency of a red luminescent Eu(III) 

complex. 

 

஺௜Ỵᐃ㢠 
                               㸦㔠㢠༢఩㸸෇㸧 

 ┤᥋⤒㈝ 㛫᥋⤒㈝ ྜ ィ 

21ᖺᗘ 2,100,000 630,000 2,730,000 

22ᖺᗘ 700,000 210,000 910,000 

23ᖺᗘ 900,000 270,000 1,170,000 

ᖺᗘ    

  ᖺᗘ    

⥲ ィ 3,700,000 1,110,000 4,810,000 

 

 

◊✲ศ㔝㸸໬Ꮫ 

 ศ⛉࣭⣽┠㸸」ྜ໬Ꮫ࣭⎔ቃ㛵㐃໬Ꮫࡢ㈝◊⛉

 㸸ప⎔ቃ㈇Ⲵ≀㉁ࢻ࣮࣮࣡࢟

 

㸯㸬◊✲㛤ጞᙜึࡢ⫼ᬒ 
ᐊ ࡛ࡶᾮయࡢሷ㸪ࣥ࢜࢖ࡿࡺࢃ࠸ᾮయࡀ㸪

Ỉ㸪᭷ᶵ⁐፹࡟ḟࡢ୕➨ࡄ⁐፹࡚ࡋ࡜࡝࡞ὀ
ࡣᾮయࣥ࢜࢖ࡓࡁ࡚ࢀࡉᚑ᮶ぢฟࠋࡿࢀࡉ┠
ᑐࢵࣇࡀࣥ࢜ࢽ࢔⣲࡟ࡢࡶࡴྵࢆ㝈ࢀࡽ㸪ࡑ
፹ᆺᛂ⁐࡚ࡋ࡜୺࡝࡞㟁ゎᾮࡶ✲◊⏝ᛂࡢ
 ࠋࡓࡁ࡚ࢀࢃ⾜ࡀ⏝

୍᪉㸪ᙜ◊✲ᐊ࡛ࣝࢩࢹࢻࡣ◲㓟࡞࠺ࡼࡢ
㝜ࣥ࢜࢖ᛶ⏺㠃άᛶ๣࡛ࡶᑐࢆࣥ࢜ࢳ࢝㑅
ࡓࡋぢฟࢆ஦ࡿ࡞࡜ሷࡢᾮయࡶ࡛ ᐊࡤ࡭
(Anal. Sci., 22, 199 (2006))ࠋḟ࡛࠸㸪ሷ໬ࣥ࣋
BAnCl, BAn)࣒࢘ࢽࢥࣝࢨ

ࢆ໬Ꮫᵓ㐀ࡢ+ Fig. 

1 ࡞ᛶ⏺㠃άᛶ๣㸪ࣥ࢜࢖㝧࡞࠺ࡼࡢ(ࡍ♧࡟
࠸ࡘ࡟ሷᆺᢠ⳦๣࣒࢘ࢽࣔࣥ࢔ᅄ➨ࡣࡋ࠸

ᶵ㛵␒ྕ㸸㸰㸱㸲㸮㸯 

◊✲✀┠㸸ᇶ┙◊✲ (C) 

◊✲ᮇ㛫㸸2009㹼2011 

ㄢ㢟␒ྕ㸸㸰㸯㸳㸳㸮㸯㸲㸶 

◊✲ㄢ㢟ྡ㸦࿴ᩥ㸧 ➨ᅄࣥ࢜࢖࣒࢘ࢽࣔࣥ࢔ᾮయᆺᢠ⳦๣ 

                     

◊✲ㄢ㢟ྡ㸦ⱥᩥ㸧 Antimicrobial ionic liquids consisting quaternary ammonium 

 

◊✲௦⾲⪅  

∦㔝 ⫕㸦KATANO HAJIME㸧 

  ⚟஭┴❧኱Ꮫ࣭⏕≀㈨※Ꮫ㒊࣭ᩍᤵ 

◊✲⪅␒ྕ㸸50264685 

 



 

 

(ࣝࢩ࢟࣊ࣝࢳ࢚-2)ࢫࣅࢆࣥ࢜ࢽ࢔㸪ᑐࡶ࡚

㓟(BEHSࢡࣁࢥ࣍ࣝࢫ
−
, Fig. 2)2)ࢫࣅࡧࡼ࠾-

㓟(BEHPࣥࣜ(ࣝࢩ࢟࣊ࣝࢳ࢚
−
, Fig. 3)࡟࡝࡞

⨨᥮࡛࡜ࡇࡿࡍ㸪ᐊ ࡛ࡶᾮయࡢሷࡇࡿ࡞࡜
BA14BEHSࠋࡓࡋぢฟࢆ࡜ ࡧࡼ࠾ BA14BEHP

ࡢ࡝࡞ࡿ࠶㸪ప㉳Ἳᛶ࡛ࡎࢃྜࡾࡊΰ࡜Ỉࡣ
Ⅼ࡛ࡶ BA14Cl  ࠋࡿ࡞␗ࡀᛶ≀࡟㢧ⴭࡣ࡜

 
 

+ 
N 

CH3 

CH3 

CnH2n+1 CH2 

 
Fig. 1 

 
 

O 

O 

O 

O 

−
O3S 

 
Fig. 2      Fig. 3 

 

ヨࡢ࡚ࡋ࡜ᢠ⳦๣⏝⥔⧅࡚࠸ࡘ࡟ࡽࢀࡇ
㦂ࢁࡇ࡜ࡓࡗ⾜ࢆᇶ‽್ࢆ㐶࡟࠿㉸ࡿ࠼ά
ᛶࡓࡋ♧ࢆ㸦㜵⳦㜵㰄㸪35, 147 (2007)㸧ࢀࡇࠋ
⬟ᶵࡢሷᆺࡣࡋ࠸࡞ᆺࣥ࢜࢖㸪ࡽ࠿࡜ࡇࡢࡽ
ᛶ⸆๣࡚࠸ࡘ࡟㸪ᑐࢆࣥ࢜࢖㐺ษ࡟㑅ࡤ࡭≀
ᛶࢆኚࡁ࡛ࡀ࡜ࡇࡿ࠼㸪࡟ࢀࡇక࠸᪂つᛂ⏝
ࢺࣉࢭࣥࢥࡢࡇࠋࡿࢀࡽ࠼⪄࡜ࡿࡅ㛤ࡀ㏵ࡢ
 ࠋࡓࡗ⮳࡟ࡿࡍᥦ᱌ࢆ✲◊ᮏࡁᇶ࡙࡟

 

㸰㸬◊✲ࡢ┠ⓗ 
 ௚ࡢ➨ᅄ࣒࢘ࢽࣔࣥ࢔ሷᆺᢠ⳦๣ࣥ࢜࢖ࡢ
ᾮయ໬ࢆヨࡿࡳ㸹ࡢࡽࢀࡑ≀ᛶࡧࡼ࠾ᢠ⳦ᛶ⬟
ሷᆺ࣒࢘ࢽࣔࣥ࢔ᅄ➨ࡢ㸹ᚑ᮶ࡿ࡭ㄪ࡚࠸ࡘ࡟
ᢠ⳦๣ࡣ࡜㢧ⴭࡿ࡞␗࡟≀ᛶ࡟ᇶ࡙ࡁ㸪ᛂ⏝ࡢ
㏵ࢆ᥈ࢆ࡜ࡇࡿ┠ⓗࠋࡓࡋ࡜ලయⓗࡣ࡟㸪(1) 

BA14BEHS ᛶ㉁㸪ࡢ࡚ࡋ࡜ῧຍ๣࣮࣐࣏ࣜࡢ
(2)BA14BEHP ங⃮ᾮࡢᢠ⳦ᛶ⬟㸪(3)ࡢࡑ௚
 ࠋࡓࡋウ᳨ࢆ

 

㸱㸬◊✲ࡢ᪉ἲ 
BA14BEHSࡧࡼ࠾BA14BEHPࡣᮾி໬ᡂ

࣒࢘ࢽࢥࣝࢨࣥ࣋ሷ໬ࡢ BA14Cl ࡜ Aldrich

ࢼ㓟ࢡࣁࢥ࣍ࣝࢫ(ࣝࢩ࢟࣊ࣝࢳ࢚-2)ࢫࣅࡢ
࢚-2)ࢫࣅ㓟ࣥࣜࡢ⸆࿴ග⣧ࡧࡼ࠾࣒࢘ࣜࢺ
ࡋᡂྜ࡚ࡗᚑ࡟᪤ሗ࡚࠸⏝ࢆ(ࣝࢩ࢟࣊ࣝࢳ
 ࠋࡿࡼ࡟᪉ἲࡢᵝྠࡶ㢮⦕యࠋࡓ

  BAnBEHS BAnBEHP ࡧࡼ࠾ ࣛ࢞Ⅼ㸦⼥ࡢ
ࡣ㌿⛣Ⅼ㸧ࢫ SII Nanotechnology DSC6220 ࡟
ࡿࡼ DSC  ᐃࡾࡼ࡟ồࠋࡓࡵ⇕㔜㔞 ᐃࡣᓥ
ὠ〇సᡤ TG-50 ᣺ືࡣ⢓ᗘࠋࡓࡗ⾜࡚࠸⏝ࢆ
ᘧ⢓ᗘィ(A&D, SV-10)࠸⏝ࢆ㸪㟁Ẽఏᑟᗘࡣ
DKK-TOA CM-40V ࢀࡇࠋࡓࡋỴᐃ࡚࠸⏝ࢆ
ᖹ἟⏘ᴗࡣゎᗘ⁐ࡢᾮయ୰Ỉࣥ࢜࢖ࡽ
AQV-5 ࡼ࡟⁲ᐃ࣮ࣕࢩࢵ࢕ࣇ࣮ࣝ࢝࠸⏝ࢆ
C°1±25 ࡣヨ㦂ࡢࡽࢀࡇࠋࡓࡵồࡾ  ࠋࡓࡗ⾜.࡛

 㸪ࡣ࡚࠸ࡘ࡟ヨ㦂ࡢ࡚ࡋ࡜ῧຍ๣࣮࣐࣏ࣜ
ヨ㦂ࡿࡍῧຍᮦ࡜ᇶᮦࣛࣇࣟࢻࣄࣛࢺࢸࢆ
ࢆ㸪⁐๣ࢀධ࡟➼࣮ࣞࣕࢩࢆ㸪⁐ᾮࡋ࠿⁐ࣥ

᥹Ⓨ࡚ࡏࡉヨ㦂∦ࢆసᡂࠋࡓࡋ⁐๣ࡿࡅ⁐࡟
せ௳ࡽ࠿㸪ᇶᮦ࣏ࣜࡣሷ໬ࣝࢽࣅ(PVC)ࡼ࠾
 ࠋࡔࢇ㑅ࢆ(PVB)࣮ࣝࣛࢳࣈࣝࢽࣅ࣏ࣜࡧ

 PVC ᪥ᮏつ᱁༠఍ࡣᢠ⳦ヨ㦂ࡢ࣒ࣝ࢕ࣇ
ᢠ⳦ᛶヨ㦂ἲࡢᢠ⳦ຍᕤ〇ရࡿࡼ࡟ JIS 

Z2801 BAnBEHPࠋࡓࡌ‽࡟ ែ≦ࡢங⃮ᾮࡢ
ࡓࡗ⾜ࡀࡽ㸪ᇛ㔝ࡣ⬟ᢠ⳦ᛶࡢ࡛ BAnCl ᢠࡢ
⳦ヨ㦂(Chem. Pharm. Bull., 1986, 34, 4215)࡟
 ࠋࡓࡋホ౯࡚ࡌ‽

 
㸲㸬◊✲ᡂᯝ 
(1)PVCῧຍ๣ࡢ࡚ࡋ࡜ᛂ⏝ 

BA14BEHS ࠸࡚ࡋウ᳨ࡾࡼ௨๓ࡣᛶ≀ࡢ
ࠋࡓᚓࢆ᝟ሗ࡞ヲ⣽࡟ࡽࡉࡾࡼ࡟✲◊㸪ᮏࡀࡿ
ࡎࡲ BA14BEHS ࡢ DSC ᭤⥺ࡣᅛయ㸫ᾮయࡢ
┦㌿⛣ࡎࡉ♧ࢆ㸪−16°C ୚ࢆ㌿⛣Ⅼࢫࣛ࢞ࡢ
BA14BEHSࠋࡓ࠼ ࢆᯝ⤖ࡢ㔜㔞 ᐃ⇕ࡢ Fig. 

4 ࡑࡼ࠾ࠋࡍ♧࡟ 270ºC ࢀࡉほᐹࡣῶ㔞࡛ࡲ
㸪BA14BEHSࡎ ࡚ࡋ࡜ᗘ⠊ᅖ࡛ᾮయ ࠸ᗈࡣ
Ꮡᅾ࡛࡜ࡿࡁゝࠋࡿ࠼Fig. 4 ࡣ࡟ DOP 㔜⇕ࡢ
㔞 ᐃࡢ⤖ᯝ࡚ࡏࢃྜࢆグࡀࡿ࠶࡚ࡋ㸪
BA14BEHS ࢀᗄศඃࡾࡼࢀࡇࡣᏳᐃᛶ⇕ࡢ
㸪ࡣ࡚࠸ࡘ࡟ヲ⣽ࡢᛶ≀ࡢ௚ࠋࡿࡏ࡞ぢ࡜ࡿ
⣬㠃ࡢ㒔ྜୖ๭ឡࠋࡿࡍ 
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Fig. 4 TGA curves of (a) BA14BEHS and (b) DOP. 

 

 

ῧຍ๣࠸࡞ࡲྵࢆPVCࡢ⢓ᙎᛶࣝࢺࢡ࣌ࢫ
ࡧࡼ࠾㈓ⶶᙎᛶ⋡(E’)ࠋࡍ♧࡛⥺◚࡟Fig. 5ࢆ
ᦆኻᙎᛶ⋡(E”)ࡣඹ80°࡟C௜㏆ࡣ࡛ࡲ㢧ⴭ࡞
ኚ໬ࡣぢࡀ࠸࡞ࢀࡽ㸪ࡾࡼࢀࡇ㧗 ࡛ࣛ࢞ࡣ
 ࠋࡿࢀࡽぢࡀῶᑡ࡞㢧ⴭ࠺క࡟⛣㌿ࢫ

E”ࡢࡇ࡜ࡿ࠸⏝ࢆࣉࢵࢺࢡ࣮ࣆࡢPVC࢕ࣇ
ࠋࡿࡁỴᐃ࡛࡜82°Cࢆ㌿⛣Ⅼ(Tg)ࢫࣛ࢞ࡢ࣒ࣝ
ᇶᮦࡢ㔜㔞࡟ᑐࡢ10%ࡋBA14BEHSࢆຍࡓ࠼
PVCࡢ࣒ࣝ࢕ࣇ⢓ᙎᛶྠࢆࣝࢺࢡ࣌ࢫᅗ࡟ᐇ
ῧຍࡣ”Eࡧࡼ࠾’Eࡢ࡛ ẚ㍑ⓗపࠋࡍ♧࡛⥺
๣࠸࡞ࡲྵࢆሙྜୖࠋࡿࡍ⮴୍ࡰ࡯࡜್ࡢ㏙
ࢫࣛ࢞C࡛°16−ࡣBA14BEHS⮬㌟࡟࠺ࡼࡓࡋ
㌿⛣ࡀ࠺⾜ࢆ㸪E’ࡧࡼ࠾E”ࡢࡇࡣ ᗘ࡛㢧ⴭ
⁐┦ࡢ࡜PVC࡜㸪BA14BEHSࡎࡉ♧ࢆኚ໬࡞
ᛶࡀⰋዲ࡛࡜ࡿ࠶ぢࡓࡲࠋࡿࡏ࡞㸪ࡢࡇヨ㦂
ῧࡢBA14BEHS࡟࠺ࡼࡍ♧࡟Table 1ࡣTgࡢ∦
ຍ 㔞 ࡀ ቑ ࠼ ࡿ ࡟ ᚑ ࠸ ప ୗ ࡋ ࡚ ࠾ ࡾ 㸪
BA14BEHSࡣPVC࡟㌾ᛶࢆ௜୚࡛࡜ࡿࡁゝ࠼
 ࠋࡿ
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Fig. 5  Storage (E’) and loss (E”) moduli of the 
0% (dashed lines) and 10% (solid lines) 
BA14BEHS-blended PVC films. 

 
Table 1  Glass transition temperature of the PVC 
film blended with BA14BEHS at different 
concentration. 

 10%  
 

71 

20%  
 

68 

5%  
 

75 

0%  
 

82 

 
 

Tg(E”max, 10Hz)/°C 

 

ࣇሙྜ㸪ࡓࡋ40%ῧຍࢆ 㸪BA14BEHS࠾࡞
࡞ࢀࡽࡵㄆࡣฟ⁐ࡢᾮయᡂศࡽ࠿㠃⾲࣒ࣝ࢕
”E࡚࠸࠾࡟ࣝࢺࢡ࣌ࢫ⢓ᙎᛶࡢࡑ㸪ࡀࡓࡗ࠿

ࡢBA14BEHS࡟࠿࡯ࡿ࠼୚ࢆࢡ㸫ࣆC࡛°54ࡣ
㸪࠼୚ࢆࢡ㸫ࣆࡶ22°C࡛−࠸㏆࡟㌿⛣Ⅼࢫࣛ࢞
ࡀ඲࡚ࡢBA14BEHSࡣῧຍ㔞࡛ࡢࡇ࡟ࡀࡍࡉ
PVC࡜࠸࡞࠸࡚ࡋྜ⤖࡜ぢࠋࡿࡏ࡞ 

  

ヨ㦂∦࡜᥋ゐࡓࡏࡉ፹య୰ࡢBA14BEHS⃰
ᗘࡢỴᐃ࣮ࣜࣛࣆࣕ࢟ࡵࡓࡢ㟁ẼὋືࡿࡼ࡟
ᐃ㔞ἲࢆᵓ⠏ࡀࡓࡋ㸪ࡢࡑヲ⣽ࠋࡿࡍ␎┬ࡣ
10% BA14BEHSࢆῧຍࡓࡋPVCࢆ࣒ࣝ࢕ࣇᐊ
 ࡛7᪥㛫Ỉ࡜᥋ゐࡏࡉ㸪ࡢࡇヨ㦂Ỉࣆࣕ࢟ࡢ
࣮ࣛࣜ㟁ẼὋືࡀࡓࡗ⾜ࢆ㸪BA14BEHS᳨ࡣ
ฟ࡛ࡓࡗ࠿࡞ࡁ(Table 2)ࠋ 

10% BA14BEHSࢆῧຍࡓࡋPVCࢆ࣒ࣝ࢕ࣇ
90°CࡢỈ1࡟᫬㛫᥋ゐࡶ࡚ࡏࡉ㸪ᐊ ࡛ࢱࣉ࣊
࠿࡞ࢀࡽࡵㄆࡣฟ⁐ࡶ࡚ࡏࡉ24᫬㛫᥋ゐ࡟ࣥ
ࣝ࢕ࣇPVCࡓࡋῧຍࢆBA14BEHS 40%ࠋࡓࡗ
⁐ࡣ௨እࡓࡏࡉ24᫬㛫᥋ゐ࡟ࣥࢱࣉ࣊ࡶ࡛࣒
ฟࡀㄆࠋࡓࡗ࠿࡞ࢀࡽࡵ 

 

Table 2  Leaching levels (in µg cm
−2

) of the 

additives tested from the PVC film. 

 

 

 

additives 
 

10% BA14BEHS 

40% BA14BEHS 

5% BA14BEHP 

10% DOP 

10% BMImPF6 
 

 

90°C 
1 hour 

n.d. 

n.d. 

3±1 

n.d. 

23±3 

 

 

room temp. 

7 days 

n.d. 

n.d. 

3±1 

n.d. 

89±4 

heptane 

room temp. 

1 day 

n.d. 

35±2 

3±1 

n.d. 

n.d. 

water 

n.d.: < 1ng/cm
2 

BMIm
+
: 1-butyl-3-methylimidazolium

+
 

 
  

 

ῧຍ๣࠸࡞ࡲྵࢆ PVC ࡢ࣒ࣝ࢕ࣇ 20°C ࠿

ᑐ‵ᗘ┦ࡘ 10×2<ࡣ㠃᢬ᢠ⾲ࡢ40%࡛
13

 Ω࡜
㧗ࡃ㸪⤯⦕ᛶࡀㄆࠋࡿࢀࡽࡵᇶᮦࡢ㟁Ẽఏᑟ
ᛶ࡟ᙳ㡪ྍࡶ࡜ࡇ࠸࡞ࡋረ๣ࡢせ௳࡛ࡾ࠶㸪
ᐇ㝿㸪DOP ࢆ 10%ῧຍ10×2<ࡶ࡚ࡋ

13
 Ωࡢ⾲

㠃᢬ᢠࡀᚓࠋࡿ࠸࡚ࢀࡽ 

BA14Cl ࡋࡣᛶ⏺㠃άᛶ๣ࣥ࢜࢖㝧࡝࡞
ࡉῧຍ࡟࣮࣐࣏࡚ࣜࡋ࡜ᖏ㟁㜵Ṇ๣ࡤࡋࡤ
㸪ぶ࡚ࡋື⛣࡟㠃⾲࣮࣐࣏ࣜࡣࡽࢀࡇࠋࡿࢀ
Ỉᇶࡢࡑࢆ⾲㠃࡟୪࡭㸪኱Ẽ୰ࡢỈศࢆ྾╔
ࡀ࡞ࡋ࠿ࡋࠋࡿ࠼୚ࢆ㟁Ẽఏᑟᛶ࡛࡜ࡇࡿࡍ
㸪10% BA14BEHSࡽ ࡓ࠼ຍࢆ PVC ࣒ࣝ࢕ࣇ
࡚࠸ࡘ࡟ 20°C ᑐ‵ᗘ┦ࡘ࠿ 40%࡛⾲㠃᢬ᢠ
10×2<ࢁࡇ࡜ࡓࡋᐃ ࢆ

13
 Ωࡀ್ࡢᚓࠋࡓࢀࡽ

ࡶⅬ࡛ࡢࡇ BA14BEHS せࡢ࡚ࡋ࡜ረ๣ྍࡣ
᪉㸪BA14BEHP୍ࠋࡿ࠼ゝ࡜ࡍࡓ‶ࢆ௳ ࡘ࡟
ࡿ࠼୚ࢆ㟁Ẽఏᑟᛶ࡟㠃⾲࣮࣐࣏ࣜࡣ࡚࠸
㒔ྜࡢ㸪⣬㠃ࡀࡿ࠸ᚓ࡚ࢆᯝ⤖ࡿࡁᮇᚅ࡛࡜
 ࠋࡿࡍ␎┬ୖ

 

ᮏ◊✲࡛ࡢᢠ⳦ヨ㦂ࡣ㸪ヨ㦂∦࡜᥋ゐࡏࡉ
ᩘ⳦ࡢᚋࡓࡋᇵ㣴ࢆᾮ⳦ࡓ N 㸪ῧຍࡀࡿᚓࢆ
࠸࡞ࡲྵࢆ≀ PVC ࢀࡽᚓ࡚࠸ࡘ࡟࣒ࣝ࢕ࣇ
ᩘ⳦ࡓ Nstd (= 8000~17000 CFU)࠸⏝ࢆ㸪
log[Nstd] – log[N]ࡾࡼ࡟್ࡢᢠ⳦ᛶ⬟ࢆホ౯
 ࠋ(Table 3)ࡓࡋ

10% DOPࢆຍࡓ࠼PVCࡢ࣒ࣝ࢕ࣇ log[Nstd] 

– log[N]ࡣ 0.0±0.3 㸪DOPࡾ࠶࡛ ࡣᢠ⳦άᛶ࡟
ㄆ5%ࠋ࠸࡞ࢀࡽࡵ BA14BEHP ሙྜࡓ࠼ຍࢆ
ࡣ log[Nstd] – log[N]) = 1.7±1.0 ࡇࠋࡓࢀࡽᚓࡀ
ࡣヨ㦂࡛ࡢ 50 µl ࡟࣒ࣝ࢕ࣇࡀᾮ⳦ࡢ 1 cm

2 

ࡽ࠿࣒ࣝ࢕ࣇ㸪ࡀࡿ࠸࡚ࡋ㠃✚࡛᥋ゐࡢ 3 µg 

ࡢ BA14BEHP 㸪⳦ᾮ୰ࡤࢀࡍ࡜ࡓࡋฟ⁐ࡀ
BA14BEHP ࡣ 60 ppm ࠋࡿ࡞࡟࡜ࡇࡿࢀࡲྵ
ࡣ್ࡢࡇ BA14BEHP ங⃮ᾮࡢ E. coli JM 109

ࡢࡇ㸪ࡾ࠶ᗘ࡛⛬ྠ࡜ᑠẅ⳦⃰ᗘ᭱ࡿࡍᑐ࡟
ࡓࡋฟ⁐ࡣ⬟ᢠ⳦ᛶࡢ࣒ࣝ࢕ࣇ BA14BEHP

 ࠋࡿ࠸࡚࠼⪄࡜ࡿࡼ࡟

 
Table 3 Antimicrobial activities (log [Nstd] – 
log[N]) of the PVC films against E. coli JM 109. 

 

 
additives 

5% BA14BEHS 

5% BA14BEHP 

5% BA14BEHS + 5% BA14BEHP 

5% DOP 

log[Nstd] – log[N] 

> 4.0 

1.7±1.0 

1.2±1.0 

0.0±0.3 

 
 

㸪࡟࡜ࡇ࠸῝㸪⯆࿡ࡽࡀ࡞ࡋ࠿ࡋ 5% 

BA14BEHS PVC ࡓࡋῧຍࢆ ヨ㦂ࢆ࣒ࣝ࢕ࣇ
࡜࡯ࡣ⫱⏕ࡢ⳦࡟ୖࢺ࣮ࣞࣉሙྜ㸪ᐮኳࡓࡋ
㸪 log[Nstd] – log[N] > 4.0ࡎࢀࡽࡵㄆ࡝ࢇ ᚓࡀ
ࡽ ࢀ ࡓ ࠋ BA14BEHS ࡢ ⁐ ฟ ࣞ ࣋ ࣝ ࡣ
BA14BEHP 㸪BA14BEHSࡃపࡶࡾࡼ ங⃮ᾮࡣ
1000 ppm ࡶ࡚ࡗ࠶࡛ E. coli JM109  ࢆ⫱⏕ࡢ

㜼Ṇ࡛ࡎࡁ㸪ࡢࡇ PVC ࢽ࣓࢝⳦ᢠࡢ࣒ࣝ࢕ࣇ
ࡣ࣒ࢬ BA14BEHS ࠋ࠸࡞ࡁㄝ࡛᫂ࡣฟ࡛⁐ࡢ
ᅛᐃ࡟㠃⾲ࡾࡼ࡟཯ᛂࢢࣥࣜࣉࢵ࢝ࣥࣛࢩ
໬ࡓࡋ㸲⣭ࡣ࣒࢘ࢽࣔࣥ࢔㧗࠸ᢠ⳦άᛶࢆ



 

 

BA14BEHSࠋࡿࢀࡽ▱ࡀ࡜ࡇࡍ♧ ࡴྵࢆ PVC

࡜㸪ୖグᅛᐃ໬ᢠ⳦๣ࡣᢠ⳦άᛶࡢ࣒ࣝ࢕ࣇ
ྠᵝ࣒ࣝ࢕ࣇ࡟⾲㠃࡟㧗ᐦᗘ࡛Ꮡᅾࡿࡍ
BA14

ࡍ஘ࢆ⬟ᶵࡢ⭷㸪⏕యࡾࡼ࡟᥋ゐࡢ࡜+
࡚࠼⪄࡜ࡿࡼ࡟࡜ࡇࡿࡍศゎࡀ⭷ࡣ࠸ࡿ࠶
㸪࠾࡞ࠋࡿ࠸ 5% BA14BEHS ࡧࡼ࠾ 5% 

BA14BEHP ࡢ୧᪉ࢆῧຍࡓࡋሙྜࡣ log[Nstd] 

– log[N] = 1.2±1.0 ࡴྵ࡛⊃༢ࢆࢀࡒࢀࡑ㸪࡜
ሙྜࡶࡾࡼάᛶࡀపୗࠋࡓ࠸࡚ࡋ 

௨ୖ㸪BA14BEHS ࢆ௳せࡢ࡚ࡋ࡜ረ๣ྍࡣ
ࡶ࡚ࡋ࡜ᢠ⳦๣ࡢ㸪ప⁐ฟᛶ࡟ࡶ࡜࡜ࡍࡓ‶
ᶵ⬟ࡢࡑࠋ[3]ࡿࡍᚋ㸪BA14BEHS ࡴྵࢆ PVC

ࡣ࡚࠸ࡘ࡟࣒ࣝ࢕ࣇ S. aureus࡟ᑐࡶ࡚ࡋᢠ⳦
άᛶࡢ࡜ࡍ♧ࢆ⤖ᯝࢆᚓ࡚ࠋࡿ࠸ 

 

(2)BAnBEHPங⃮ᾮࡢᢠ⳦ᛶ⬟ 

BAnBEHP ࢆᇶᮏ≀ᛶࡢ Table 4 ࡚ࡵ࡜ࡲ࡟

㌿⛣Ⅼ㸪⢓ᗘ㸪㟁Ẽఏᑟᗘ㸪ᐦࢫࣛ࢞ࠋࡿ࠶

ᗘ㸪Ỉࡢ⁐ゎᗘ࡟㛵ࡣ࡚ࡋ㸪ヨ㦂ࡓࡋ⠊ᅖ࡛

ࡣ nࡿࡼ࡟㢧ⴭ࡞㐪ࡣ࠸ㄆ࠾࡞ࠋ࠸࡞ࢀࡽࡵ㸪

BAnBEHP ῧຍࡢ%㸪0.01wtࡣゎᗘ⁐ࡢ࡬Ỉࡢ

࡜್ࡢ௨ୗࢀࡇ㸪ࡵࡓࡿࢀࡽࡵㄆࡀங⃮ࡶ࡛

᥎ᐃ࡛ࡀࡿࡁ㸪㣬࿴⁐ᾮࡀᚓ࡟ࡵࡓ࠸࡞ࢀࡽ

ཝᐦ࡟Ỵᐃ࡛࠾࡞ࠋ࠸࡞ࡁ㸪ⓎἻヨ㦂ࢀࡼ࡟

㸪BA14BEHPࡤ ங⃮ᾮࡢ㉳Ἳᛶࡣ㢧ⴭ࡟పࡃ㸪

Ỉ⣔፹యࡢῧຍࠋࡿࢀࡽ࠼⪄࡜ࡃྥ࡟ 
 
Table 4 Physicochemical properties of 
BAnBEHP at 25ºC. 

  
n 

 

10 

12 

14 

16 

18 

glass 
transition 
temp./°C 

−3 

−6 

−8 

−10 

−11 

solubility 
of water 

/wt% 

25.4 

19.6 

18.4 

12.8 

12.2 

 

density 
/g cm

−3
 

0.947 

0.948 

0.971 

0.954 

0.947 

 

viscosity

/mPa s 

6800 

4700 

4500 

5800 

3300 

conduct- 
ivity 

/mS cm
−1

 

0.003 

0.002 

0.002 

0.002 

0.003 

 

Table 5 ࡟ BAnBEHP ங⃮ᾮࡢ E. coliCK111

ࡧࡼ࠾ S. aureus IFO012732 ⫱⏕ᑠ᭱ࡿࡍᑐ࡟
㜼Ṇ⃰ᗘ(MIC)ࠋࡍ♧ࢆBAnBEHP ࡢࢀࡎ࠸ࡣ
ࡶ࡚ࡋᑐ࡟⳦ n = 14 ࡟ሙྜࡢ MIC ࡇࠋ࠸పࡀ
ࡢ n౫ᏑᛶࡣBAnClỈ⁐ᾮࡶ࡚࠸ࡘ࡟ぢࢀࡽ
㸪BAnBEHPࡓࡲࠋࡿ ࡿ࠶࡛⳦㝜ᛶ࣒ࣛࢢࡣ
E. coli࣒ࣛࢢࡶࡾࡼ㝧ᛶ⳦࡛ࡿ࠶ S. aureus࡟
ᑐ࡚ࡋ㧗࠸άᛶࡀࡍ♧ࢆ㸪ࡢࡇഴྥࡶ BAnCl

ࣔࣥ࢔ࣝࢩ࢟࣊ࣛࢺࢸ㸪࠾࡞ࠋࡿ࠶ᵝ࡛ྠ࡜
࣒࢘ࢽࣔࣥ࢔ࣝࢳࢡ࢜ࣛࢺࢸࡧࡼ࠾࣒࢘ࢽ
࡜ BEHP

ศᩓ࡛࡟Ỉࡶࡽࢀࡇᚓ࡚㸪ࢆሷࡢ࡜−
 .㸪Eࡀࡓࡗ⾜ࢆᢠ⳦ヨ㦂ࡢᵝྠࡽ࠿࡜ࡇࡿࡁ

coliࡧࡼ࠾S. aureus ࡟ࢀࡎ࠸ࡢᑐࡶ࡚ࡋᢠ⳦
άᛶࠋࡓࡗ࠿࡞ࡉ♧ࢆ௨ୖࡾࡼ㸪BAn

⬊⣽ࡀ+
㸪୰࡛ࡋⓎ᥹ࢆᢠ⳦άᛶ࡛࡜ࡇࡴ㎸ࡾධ࡟⭷
ࡶ n = 14 ♧ࡀ࡜ࡇࡿ࠶㙐࡛ࣝ࢟ࣝ࢔࡞㐺ᙜࡀ
၀ࠋࡿࢀࡉ 

㸪BAnBEHPࡓࡲ ⳦㸪ࡵࡓࡿ࠸࡚ࡋங⃮ࡣ

ࡋࠋࡿࢀࡉ᥎ᐃ࡜࠸ప࡟㢧ⴭࡀ⋠᥋ゐຠࡢ࡜

㸪BA14Clࡽࡀ࡞ࡋ࠿ ࡢ MIC ࡣ E. coliCK111

ࡧࡼ࠾ S. aureus IFO012732 ࢀࡒࢀࡑ࡚ࡋᑐ࡟

100 ࡧࡼ࠾ 5 ppm ࠸㐪ࡢ㸪ᘧ㔞ࡁỴᐃ࡛࡜

ᢠ⳦άࡢBA14Cl࡜BA14BEHPࡤࢀࡍ៖⪄ࢆ

ᛶྠࡣ⛬ᗘ࠾࡞ࠋࡿࡏ࡞ࡳ࡜㸪᥋ゐ᫬㛫ࢆᘏ

ࢀࡽࡵㄆࡣపୗࡢMICࡢBAnBEHPࡶ࡚ࡋࡤ

㸪BAnBEHP࡟ࡽࡉࠋࡓࡗ࠿࡞ ࡟Ỉ࡟ᵝྠ࡜

ศᩓ࡛ࡿࡁ BAnBEHS ࡽࡵㄆࡣ⬟ᢠ⳦ᛶࡣ࡛

㸪BEHP࡝࡞࠸࡞ࢀ
࡟࡜ࡇࡿࡍ࡜ࣥ࢜࢖ᑐࢆ−

㔜せ࡞ព࿡࡜ࡿ࠶ࡀᛮࡀࡿࢀࢃ㸪BAnBEHP

 ࠋ࠸࡞࠸࡚ࡁ࡛࡟࠿ࡽ᫂ࡣస⏝ᶵᗎࡢ

 
Table 5 Minimum inhibitory concentrations of 
BAnBEHP. 

 
n 

 

10 

12 

14 

16 

18 

E. coli  
CK111 

>1000 

200 

100 

>1000 

>1000 

S. aureus 
IFO012732 

200 

100 

20 

100 

500 
 

 

௨ୗ㸪᭱ ࠸㧗ࡢ⬟ᢠ⳦ᛶࡶ BA14BEHP ྲྀࢆ
Ỉ⁐ᛶຍᕤࡸ෭༷Ỉࡢ㸪ᚠ⎔ᘧ෭༷⣔ࡆୖࡾ
Ἔ๣ࡓࡗ࠸࡜Ỉ⣔⇕፹యࡢ࡬㐺⏝ࢆㄽࠋࡿࡌ 

ྠ፹యࣝࣜࢡ࢔࣏ࣜࡣ࡟㓟ࢲ࣮ࢯ(PAAS)

ࢽ࢔ࡢࡵࡓࡢᢚไ࣮ࣝࢣࢫ࣒࢘ࢩࣝ࢝࡝࡞
ࡿࡍᵓᡂࢆ㸪⇕஺᥮ჾࡓࡲ㸪࣮࣐࣏ࣜᛶࣥ࢜
㖡ࡢ⭉㣗ᢚไ࡟ࡵࡓࡢ 1H-࣮ࢰ࢔ࣜࢺࢰࣥ࣋
ࣝ(HBTA)ࡢࡑࡣࡃࡋࡶ㢮⦕యࡀῧຍࠋࡿࢀࡉ
ࡎࡲ㸪࡛ࡇࡑ 100 ppm HBTA ࡧࡼ࠾ 500 ppm 

PAAS ඹᏑୗ㸦⃰ᗘ᮲௳ࡣ≉チࡘࡃ࠸ࡴྵࢆ
㸧࡛ࡓࡋ࡜⪄ཧࢆ⫣ᩥࡢ࠿࠸ BA14BEHP ࡢ
MIC 㸪Table 5ࡀࡓᚓࢆ 㸪ࡎࡽࢃኚ࡜್ࡍ♧࡟
ࡽࡵㄆࡣᙳ㡪ࡢ࡬⬟ᢠ⳦ᛶࡢῧຍ๣ࡽࢀࡇ
 ࠋࡓࡗ࠿࡞ࢀ

BA14BEHP ࡟ᙳ㡪ࡢ࡬㜵Ṇ๣࣮ࣝࢣࢫࡢ

㸪250 ppm Ca(HCO3)2࡚࠸ࡘ Ỉ⁐ᾮ(⃰ᗘࡣ

CaCO3 ࡛௳᮲ࡢᡤᐃࢆ(㔜㔞⃰ᗘࡓࡋ⟭᥮࡟

ຍ⇕ࡋ㸪Ca(HCO3)2 → CaCO3↓ + CO2↑+ H2O

࡚࡟཯ᛂࡢ CaCO3 ᚋ㸪ࡓࡏࡉᡂ⏕ࢆ࣮ࣝࢣࢫ

ࡢ୰ࡳ⃈ୖ Ca
ヨࡿᚓࢆᗘ(cCa)⃰ࡢ✀ࣥ࢜࢖+2

㦂ࠋࡓࡗ⾜ࢆTable 6 ࢆ㸪ῧຍ๣࡟࠺ࡼࡍ♧࡟

ຍ࠸࡞࠼ሙྜࡣ cCa = 170 ppm ࡜ 80 ppm ┦࡟

ᙜࡿࡍCa
㸪ࡀࡿࡍᡂ⏕ࢆ࣮ࣝࢣࢫࡀ✀ࣥ࢜࢖+2

500 ppm PAAS ࡜ࡿ࠼ຍࢆ Ca
࢟Ỉ⁐ᛶࡣ+2

࡟ࡵࡓࡿࡍᏑᅾ࡟Ᏻᐃ࡚ࡋ࡜ࢺ࣮ࣞ cCa = 250 

ppm  ࠋ࠸࡞ࢀࡽࡵㄆࡣᡂ⏕ࡢ࣮ࣝࢣࢫ࡜

 
Table 6 Concentration of Ca

2+
 ionic species (in 

ppm as CaCO3) after the scale formation test in 
the presence of additives. 

 
none 

 
180±30 

500 ppm 
PAAS 

 

250±10 

400 ppm 
BA14BEHP 

 

230±10 

 
both 

 

250±10 



 

 

  
㸪400 ppm BA14BEHP࡟ࡽࡉ ࡚ࡏࡉඹᏑࢆ

ࡶ cCa = 250 ppm 㸪BA14BEHPࢀࡽᚓࡀ ࢫࡣ

 ࠋࡿ࠼ゝ࡜࠸࡞ࡡᦆࢆຠᯝࡢ㜵Ṇ๣࣮ࣝࢣ

BA14BEHP ῶ㔞ࢆᙳ㡪ࡢ࡬㖡⏝㜵Ṇ๣ࡢ

ヨ㦂࡚࡟ホ౯ྠࠋࡓࡋ࡜ࡿࡍヨ㦂ࡣ 1% KCl, 

10 mM CH3COOH (pH 3.6)࡟㖡∦ࢆ᥋ゐࡏࡉ㸪

60ºC ࡛ 2 ᪥ᨺ⨨ࡋῶ㔞ࢆ ᐃ࡛ࡢࡶࡿࡍ㸪⤖

ᯝࡣ༢఩᫬㛫ࡧࡼ࠾༢఩㠃✚ࡢࡾࡓ࠶⭉㣗

㏿ᗘ(MDD = mg m
−2

 day
−1

Table 7ࠋࡍ⾲࡚ࡋ࡜(

ࡣሙྜ࠸࡞࠼ຍࢆ㸪ῧຍ๣࡟࠺ࡼࡍ♧࡟

18.3±3.1 MDD 㸪HBTAࡀࡿ࠼୚ࢆ ඹᏑୗ࡛ࡣ

7.1±2.9 MDD ࡞ࠋࡿࢀࡽࡵㄆࡀᢚไࡢ㣗⭉࡜

≦㘒య࣮࣐࣏ࣜ㸪ࡣᢚไࡢ㣗⭉ࡢࡇ㸪࠾

Cu
I
-BTA

−୙ືែ⓶⭷ࡢ⏕ᡂ࡛ㄝ᫂࠸࡚ࢀࡉ

HBTAࠋࡿ ࡟ BA14BEHP ⯆ሙྜ㸪ࡿࡍඹᏑࡀ

࿡῝࡟࡜ࡇ࠸ 3.4±0.5 MDD ࡜┦஌ຠᯝࡀ♧၀

 ࠋࡓࢀࡉ

 
Table 7 Corrosion rate (in MDD) of copper in 1% 
KCl in thepresence of additives. 

 
none 

 
18.3±3.1 

100 ppm 
HBTA 

 

7.1±2.8 

400 ppm 
BA14BEHP 

 

11.8±1.0 

 
both  

 

3.4±0.5 

 

 ௨ୖࡢ⤖ᯝࡾࡼ㸪BA14BEHP Ỉ⣔⇕፹యࡣ
㸪㖡⏝㜵㗵ࡀࡿࡏ࡞ぢ࡜᭷ᮃ࡚ࡋ࡜ᢠ⳦๣ࡢ
๣࡟ᑐࡿࡍ┦஌ຠᯝ࡟኱࡞ࡁ⯆࿡ࡀᣢࢀࡓ
࡚ࡅ⥆ࢆウ᳨ࡶᅾ⌧ࡣ࡚ࡋ㛵࡟ᶵᵓࡢࡑࠋࡿ
ㄽ࡛ࢁࡇ࡜ࡓࢀࡽᚓࡀぢ▱ࡢᗘ⛬ࡿ࠶㸪ࡾ࠾
 ࠋࡿ࠶ணᐃ࡛ࡿࡍ✏ᢞࢆᩥ

 

(3)௚ࡢᛂ⏝ 

BA14BEHSࣝࢭ࣑ࡢ࡝࡞⁐፹ᢳฟ๣࡚ࡋ࡜
࡟࡝࡞BA14BEHPࠋ[5]ࡓࡌㄽࢆᇶᮏⓗᛶ㉁ࡢ
ྥࢆ⋠Ⓨගຠࡢ㉥ⰍⓎගᛶEu(III)㘒య࡚࠸ࡘ
ࡋ♧ࢆ㏵ࡢ⏝ᛂࡢ࡚ࡋ࡜஧㓄఩Ꮚ➨ࡿࡏࡉୖ
 ࠋ[9]ࡓ

ୖグࡢ◊✲ᡂᯝࡣ㸪➨ᅄ࣒࢘ࢽࣔࣥ࢔ሷᆺ
ᢠ⳦๣ࢆ౛࡟㸪⏕⌮άᛶ≀㉁ࡢ໬Ꮫⓗᛶ㉁ࢆ
࠼࠸࡜஦౛ࡓࡆᗈࢆ⏝ᛂ࡛࡜ࡇࡿࡍウ᳨ࡃ῝
࢜ࢳ࢝ࡴྵࢆ࣒࢘ࢽࣔࣥ࢔㸪4⣭࡚ࡗࡼࠋ࠺ࡼ
ࣥᛶࡶ࡚࠸ࡘ࡟࣮࣐࣏ࣜ᪂つᛂ⏝ࡢ㏵ࢆ᥈ࡾ
㸪ࡢ࠿ࡘࡃ࠸ᡂᯝࢆᚓ࡟ࡽࡉࠋ[1,2,5,6]ࡓ㸪ᚤ
㸪ࡾ࠶࡛࣮࣐࣏ࣜᛶࣥ࢜ࢳ࢝ࡿࡍ⏘⏕ࡀ≀⏕
ᢠ⳦๣ࡿࢀࡽ࠸⏝࡚ࡋ࡜ε-ࡾྲྀࢆࣥࢪ࣏ࣜࣜ
 ࠋࡓࡗ⾜ࡶ[6,8]✲◊ࡓࡆୖ
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