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TAED (tetraacetylethylenediamine)?} A17+2 AJe FMEJSIA|(OBA, organic bleach activator, decanoyloxyethox-
ycarbonyloxybenzenesulfonate)Z W] F715}3t) 438 OBA Q] HEAdS /iX3taA)l Al el Eel ZalSAlodall &
YFs ARt IRAY s A 978 /PSS Bt OBAE A2(20 C)dME 73 ZHadns vehilon
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Not all types of soil occurring on household fabrics can be removed by simple washing with normal surfactants. In order
to achieve a satisfactory cleaning effect, an additional treatment step, called bleaching, is required in such cases. Currently,
the best known bleach activator is tetraacetylethylenediamine (TAED). In this study, we synthesized a novel organic bleach
activator (OBA), decanoyloxyethoxycarbonyloxybenzenesulfonate. For stabilizing the OBA, it was coated with zeolite and
polyethylene glycol. It is found that the stability was enhanced and OBA shows good cleansing and bleaching effects even
in cold water (20 C). OBA also shows easy biodegradability with 88% in the condition of OECD standard. During the
cleansing process, OBA shows excellent microbiological effect against T. mentagrophytes and S. aureus.
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274 Hell && et QA dvk IEFS A4 o2 B4
o] Aol FAEAY AFH T Qe =7kl FoAJel FHEH L Sl
FRAFERS FeAFEFH 2] FSAsel=golES 7L 3l
ok EAIRA e A% PgAE @71 SleiM e ZREAY st
 HRANFEFE AREfof Btk B o] 55 BRI AW Ao
2 ARSP] Sl pH, 25, A% oA S #9248 Hluel] & 2
S7F ITH3-5]. Aot AL AlEE she B2 =7kl BHAlR
ARGE AL QlE de] rgeiell A Afollaat ol o FigkEv] duk
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Zpotd At HEF-S 250 #A¢lo] Al
£ 5 glom, ufg v LEXE gaAQl My} At a s Ve
did}, g8y Aoldaat YEFS 2 WA
wfj el gidel thgh QbgAdo] okgh AEo] AVt o] A
o #AE doyith

60 C o]ste] AE oA FgrEFOIY AR EFO] w3
ke 3ul g3 947] fEiMe 71294 3HAI(OBA, organic blea-
ch activator)7} Y& 02 o] g¥r}

EMEISAE pH 9~ 129 A BHelM 2dstaaae} whgsho]
7] A& Ak Ak, o] FHlE IlsrAnn Ao &
& Ak} HulAS 7 9o} Aol EAQl MY Ad5-S YERTh
AA AgIP el AHER STt wo A9 da FaTAlel
F Qe Aoldant EFNTR: @ JYsith

A7HA oS- theFst EMEdshA| 7 A-E] o] TAED (tetra acetyl
ethylene diamine)2} NOBS (sodium p-nonanoyloxybenzene sulfonate)
7b FE AMEE L QLo 3HE Mgl 2] 39 AF Toll FAEE Ko
Il QItH6-8]. TAEDE 3 olM NOBSE n|=r3} Ao Fo mulg
A3 AREE AL QT fElutel e B A~ R SRER
3 TAED7} 2 ARSI 9low @A shals AL xians &
tA71E 2 olglel AAl AE TN BEEE Btke] At aTE Al
gE9) JAE el AA Z)ofskar IEH9,10].
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2.1. A2
iz, olgaZelE, tzAd, g, sk, FAsh

3 AMgEglon Z2AuUEe)E2 Dow Chem. (USA)IA 413191
th &F Sto|EFAMAAE YOl E, ASRIES VN, A3t v, &
ERIEE, 3o, IYeMH}EH-S Sigma chemical Co. (USA), TAED
+ Jinke Chemical Co. (China)lX ¢ AFHE351 0™ EE(grass con-
taminant, 8 x 8 cm, EMPA164, WFK Co., Germany), 157]%&(red
pepper contaminant, 8 x 8 cm, wfk10p, WFK Co., Germany) %=
77y B QAXE AMEISITE T mentagrophytes (ATCC 9642)9} S.
aureus (ATCC 65389)°] 22| 5 ARSI oH At wjeks St
HIX] = nutrient broth & agar (NAWIA], Difco, USA)ol| 5, 35 Coll
A 24 h SR MR TE Garet Al A7 EAA AEHeR
AREFETE S RSMIlli-Q, Millipore, ZH2)E 53 28 ALg3}

ek

2.2. 7171

N2 EWGASAE T8 AsiA f2l 8RS 7I(three neck
round bottom flask)E ARESIGL, FH FX= 53 HI=(Model:
GPCG2 LabSystem, Glatt, Germany)E AF-5}510.7 MEMy} 2ul A3
< flElA= AAE A187](Model: 7243ES, Testfabrics Inc., USA)9}
AZ}A(Model: CR300, Minolta, Japan)& AM-3ISIth I8 JElE &
Q317] 93k W o® AREALE ] A (Model: $-2250N, Hitachi Co.,
Tokyo, Japan)= AH&-3F3loH A s S574& ¢4+ BOD 747
(Hach. Co., USA)E A3t

2.3. OBA(decanoyloxyethoxycarbonyloxybenzenesulfonate)2| £+
2.3.1. 2-510|EE A0 2|7 00| EQ| &

W), EA W FHAZE B SRR Sk szt
172.0 g@ ko] JEHAZEF 186.0 g2 FYst EFAHEEA 0.4
g 71ato] Astelld 90 CE 2 h ¥k 5 948S 30 torr® dlo] WHe-
T A9EE B AASHA 2 h B3 o 2E 28 F9lt)E doixl Wk
Eol Z74100.0 g& FYU&t 10 min?+ LRI & 5 F-2sle] o}
=g AAS L T FF5E 150.0 g2 7151] 20 mingt wRkgE 5

g ollSE AASIAL S AlAste] Azt wheo] B
59 B8 AOCS #45(official method Te 2a-64, 1987)°.%
7Ve S4sI0lt v Fo] AA Bl AE 9] SR 93% o)
QAL HAAE 5%, AWARS] S 1% ||Tho]qlth

O o ofw

232, 2-222IIEY 2A0|E ¢ 7oL EQ B

slo] EEA )7l oll0) E 33 g3} TlEAA 17.0 g2 4 ColM &
s 50 mL& 7hsto] 8sk 5 ofwl &4 stellA] 2 h wkE-38kSith
ojojr] E& ol§3le] A715S wEld thy Sl lHS o438t
FES AABIEE Ak SHE Fstol $u1E AAStL Hxste] 4N
o 2-F227IRY Al EHT0|E 41.7 g& AT

233. OBAQ| &d ¥ Fx 20l

FABIIEE 10.5 g7t YEF 4-sto| S AR EAT 61.2 g A2
oA F7FF 120 mLol {33 F 2-FERIEYE SAoEuHTheeo]
E 734 g2 A7K8laL 60 Colld 2 h wukslde), A2o7 Y743k &
ojzlste] o} APEFS AAH & 71z 109.4 g B 17
°] OBAE A|Z3lo] NMRE TZ25 18131 thFigure 1).

2.4. OBA2| OFHS|AE!)
90 CTZ 7199 3717t 5991 Qe 455 1%719 fE3) wj=
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Figure 1. NMR chart of OBA.
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Figure 2. Bleaching mechanism of OBA.

80~100 mesh 1719 QSIEHF H¥ 100.0 g& £9A17]2 OBA
300.0 g2 Eof o] A& 16.0 wi% FE T4 1875.0 g& A3k}
EF tloll 24 IRATII AN & AgTolE W Zejdddz
o] FANE2 19 EFES 0o A €315k OBA s1dE2
FH] v 14.0 wi%7Zt S w74 ZEAIZL $ 90 CTellA] 10 min
7 AZAT F 5 W= 257170 T vivie] E uirhr] &:
2 o] 78¥ OBA YAE Alxsigth

2.5. 2F8Y m?}tgt.g(Epton H
ARZGA L w25 AYshs WO E = ASTM D3049HS
93\1:]_[]1]. o] HPHL Lol dgQl tjdzel &

AHg-8t
F VNZ} S0l 4

291 A3 Fe EFES FTUH 549 Ar R AR Wl
t} & A8E £5750] 30] 100 mL 3A NS A|zs 10 mLE 35}
of Ao W1 10 mLe FEEZZE7 10 mLe Ak EIES A

7F) o] AlRE 4 mM9] 3o 1622 o2 AAsSirt.

2.6. BEMEI £

1 L &% Agr 710 s URHAQL AEAA] wlo] A W FehhE
Bl 24H7h9] 4%9] M sAE E3et FraES o] dato] AlFE
SN2 SAXE A F dxste] AR A A ehx ] A}
e S5l FUATS v B7ISISIT) G 202 WL AR S
1 g& 71502 EWGAIA] 0.044 g, 3}\_ HIEF 0.11 g, AEAA
0.946 g& AHESITL LA FHE A7 EE(grass) 2%, 1F7%
(red pepper) LBXE ARSI oM GRS AE4 4% 500 ppm

SYetst,

H19# X235, 2008
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CaCO;, AEIZ 3714 1000 rpm 2 AEMAIZRS 10 ming 7|02 3
Qrk AlE &EE Z17F 20, 40, 60 CollA AFskGich

2.7. &3 gt

Aol At W= FET(T. mentagrophytes), 3 XA Tt
(S. aureus)°|™ %4] W|Z|:= Nutrient Broth & AgarE AR} vl
FERAL FA LA TS 37 CTolA 48 h, FFEE 30 ColA 79
w39] 7k Wl 2% okl WAl AEH ¥
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2.8. QY HIHKY

A7 MG A OBAE AEHIAl H7Fa= AHE o 577 &
AANA Y] PAAE ERlshy] Q18 r|lE A W AR EE 22
+ 2 C9 %A 2897 OECD AlgW(ready biodegradability:
OECD 301A F)°ll w2} BOD (biological oxygen demand) 573 71E ©]

g3to] izl AgoHPPIES] FalER ST 12].

3. Zdut 9 af

A2 EMFAIAQ] ol HEA 3E OBAE v Tl 4
A E0] 90% oo g P on HE Fol T2 EptonH O
A% A 85% oo R AEEe BMEASHA AT F AUdth
OBA= 789 FolA A EFOZFH ByH = JAtgras) gt
s8] f713ke Ak H=H TAEDE 3Asibe: Aol e
o 29) AF Fgshs AR Agre] e g3allEo] ZE3HA ¥
B A 45 wAE ge gk 432l gi9E Bt 51
53] Al oA mulArgo] skgpth Whdel OBATZolA WAE = 71 &
A71E 7 32 Al 7]4" & Aol tigk F3eo] psto] 21
T L@ oflt MHA LAEAR AFHoln Ao AW
do] Mg}, et v‘f“z]:rL ¥ f71FRte] o]F 0w MASHEE T
ZQlsto] Hrp gabAQl Fuakg o°] F&3 T Figure 2).
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(a) (b)

Figure 3. Structure of coated OBA with SEM. (a) coated OBA gran-
ule (%200), (b) coated layer (x2500), (c) coated layer (%5000).
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Figure 4. Stabilities of coated OBA and not-coated OBA (measure-
ment of oxygen content).
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Figure S. Bleaching effect of powder detergent with OBA or TAED
versus temperature (grass contaminant).
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3.1. 3E Hal

A ool Es} ZeloldUlZa| TS o] 4319 OBAE IR & 1 9]
o] WS SEMO 2 g1tk Figure 3). FH ¥ OBA UAR= 1.0~
1.2 mm8 A7A& Z+= AAFEH @) E B (b)) ()M 6~8 um2
Tt FAR FRHEASS AT F AUsirh

3.2. O8N "It
FEHE OBA YA HgAES ERlsh] Y4l A5 Ankdy fAlst
30 C, FUFE 80% Z1olA Al7HE S0l &S Epton 0.2 573

Erasd
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Figure 6. Bleaching effect of powder detergent with OBA or TAED
versus temperature (pepper oil contaminant).
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Figure 7. Oxygen uptake versus time.

29 A7} & OBA A Y ol weEh fa/da e Sl f
215 Holy 70| A3 Foje FHF U} FHEA 2 YAl
Hal 54% Y EE eIt Figure 4).

OBA J-HE /57 EFLAE FHFOEZA AFE vl S #
A8 4= Q)& Wk ol AEE UlellA 2] B3tad daatgoz Qs
g 3 A Tk

3.3, ®Hiign}
20, 40, 60 C2 AHLE Z7oM Z5 o] tigt Hrl A3,
OBA: # A3 £5oA TEAD tr] 53+ B9l A% H

S Rylon &
5] 20 T AL AEso)A TEAD tfy] #& 9 §3= HT
(Figure 5). 20, 40, 60 C2] 7oA 137]5 el st &3 H7}

ANE FENA Y Ael fAksE e RIthFigure 6).

3.4. FEIE OBAS| AlZE1} LU}

ojg] Wo] A48 HAEES E3] OBAAE= AEo] gl= Exon}
AlAD WellA R E S whg-ste] A8 SHAI7E st A
< YeREE 1881

ool thek A avis 71E TAEDE $-8 Holu 579 7
Foll= OBAZEAIA|S] Atgo] $-3hs RIS o]= Alg el
A Zo] LEE & AdtA] Pols OBAFEAAE B At ads
2 5 9SS v|3tKTables 1, 2).
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Table 1. Microbiological Effect Against 7. mentagrophytes

2733

15 min H{%F

/H]Z-ﬂ Type }.7] Eiece (}\El'ﬂ'e—j[)
4
TAED 24 1.4 x 10° 8.8 > 10
(37%)
20 >
Coated OBA %4 1.4 x 10° (99.9%<)
(TAED Xg) (Coated OBAZ{®) o
Table 2. Microbiological Effect Against S. aureus
} . 15 min Wi<F
A A Type 27| 4 (}\El'ﬂ'e—j[)
700
TAED Z 2 x 10*
i ) (96.5%)
20 >
Coated OBA %% 2 x 10*
(TAED M2 (Coated OBA X8 (99.9%<)
Table 3. Percentage of Biodegradability with BOD Meter £ $dsto] 712 TAEDS) vl H718t A¥} TAEDS = €8 A= &
Day Coated OBA Toxicity Control ~ Sodium acetate A9 BRGASAE A8 AR g FulelA e vhgste] A
; . : s Pie R3] 11 AATEE Hof o] A9 LATARY FHol
14 s 00 60 golalo] FRHow FaEAo] Auwgow ojd BYoz F23} u
2 . _ o 27189 eI E Ha E3E Dol ohjel ALeE $5
: & Ewee Holrh 3 TAED thv] m]A3%E e8] 88%S BAR
OECD715(60%) tiH] Al AEa=om ) el whgatol F31A|
Bl = 2 SR BAAIE FEFOIL FALER ) U] 958 A
~ 80 | 'moBA g el
g 60
& SEnR=
n'l.J 40‘ I
%0 20 | 1. 284, AgAAS o223} 7], 273, A9l A& (2001).
2. E. Smulders, Laundry Detergents, 345, Wiley-VCH, Weinheim
0 . L (2002).
7 14 28 3. P. Kleinschmitt, B. Bertsch-Frank, Th, Lehmann, and P. Panster,
Day Ullmann’s Encyclopedia of Industrial Chemistry, Vol. A19 177

Figure 8. Percentage of biodegradability of OBA versus time.

3.5. QkdY EoL Ant

A2A7| 2N S OBAE AEAIA 7= AR o 7] gl 6.

AN PGS FAs) AT PlBE RANG B ARAEE 22

+£2 T £XoA 2827 BOD meterS o]&3lo] th291 2FolAE] 7.
. U. S. Patent 4,412,934 (1983).
] 9.

(o]

O|ES &S St (Table 3).
OBAE HF AE3)| %7} 88%E OECD7|# {4 AEds = Bxo

H(Figure 7). OECD] §-0]3t AF-3l(readily biodegradable) 7152 3 10,
& AEAE 60% o3l =4l FHS TAEDS OBAS] w8 1.
& xR =43} SFSIt(Figure 8).
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