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Synthesis and Characterization of Water-soluble
Polyamine Durable Antistatic Agent

Seung-Jin Kim, Han-Ku Kim, Jang-Hyoun Keun, and Hong-Soo Park

Dept. of Chem. Eng., College of Eng., Myong Ji Univ., Yongin 449-728, Korea
(Received February 17, 1994, Accefted March 23, 1994)

2 9 F44, §94 % dAEA 558 Ad Ao %elal PEG 600% 5222 UL BF, Ful2A
$A1A PEG 600-diglycidyl ether(PDE)E §43h4ich. & PDEs] & ME4e] 245 omlolo} A3tAd Eejolga
dEsle2a FUAA $449 7 Aee) Feloprl(PDEN)E ¥, PDETS| Ashynish $89 ¢44e 24 o
7 9fstel opEALCR ofolesAlA $44°) A4F EF Eelol(PDETA)ES $Astgch flx 272 ¢4
PDET-2, -5, -65} PDETA-2, 4o} 7+zt & #siste] o4 PDET-2A, -5A, -6A, PDETA-2A, 4AE A =3}
Ak AZY HHEAAS PET ALe) 45 $& $A8402 AT F ALA5l 92 RN W) 54
o 975}, PDETA-2A%H 4AL 503 A Folx chautn) 45el 2 Wb goid U7y hgAAge et
st wa Aedel FRANAT gol 47 1x10°Q, 2x10°Q014L, WAyl SA%e 0829 LI2E veht ¢339
RS R DEEET-N

Abstract: PEG 600—diglycidyl ethers(PDE) were synthesized using BF; catalyst by the reaction of epichlorohydrin
and PEG 600 which is known to have the hygroscopicity, softening property, and antistatic property. Water—soluble
long chain polyamines(PDET) were synthesized by coreaction of PDE and triethylenetetramine which is high conduc-
tive aliphatic amine curing agent. To prevent the gelation of the PDET and increase the water—solution stability, water—
soluble quaternary ammonium polyamines were synthesized by cationation of PDET with acetic acid. Antistatic agents
PDET-2A, PDET-5A, PDET-6A, PDETA-2A and PDETA-4A were prepared by the mixing of PDET-2, PDET-5,
PDET-6, PDETA-2 and PDETA-4 with water. Synthesized antistatic agents were treated on PET textiles with and
without resin. Then surface electrical resistivity and half life characteristics value were tested. As the results, there
were no remarkable decreasing changes in antistatic abilities of the textiles treated with PDETA-2A and PDETA-4A
after 50 times washing. So PDETA-2A and PDETA-4A were proved to be durable antistatic agents. Surface electrical
resistivity of the textiles treated with PDETA-2A and PDETA-4A before washing were 1x10'Q and 2x10°Q,
respectively, and half life characteristics values were 0.8sec and 1.lsec, respectively. Therefore PDETA-2A and
PDETA—4A were proved to be good antistatic agents.
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AT dAAZ Sl AR A7 Belrt £E3)
T glen, =3 7+F AgiAC AH7) #E I3
7 FAEE 2 FAME AF, Eead, g, &
+7] 2L, A4, F25A AR AFH Foll o]
EAAA FHAT okl A AAV2 g A
A7 A E L Qe AR et

A7) Aofo] Mg qle AR Fe 2xo} &
= fEd, 8 el A9 250 ¢ ALH
o= HFFEl 46% HEE Dol s W
AZ|A 7] Fob thAzge] YolAA =Heo| A7) &
A& wol AL k. 2} JEHE 2

7b ¥ FEI) 5% AR A7 Zo)y
1002 Fo]5A4 "}

Aol tig FA7) Bolle AR 2747
S %ol 7HA Aol g2, FAM o 2ol
AL AAE F2 ZHEEL[1]0] @o] AHEFHT
Asdl, A ZHEX L AR F A A9y

S Sle YA dAMAA[24]5S YduiAe R
Aol B3 FAol FH7 Aol gAu, 1340
25 Algtel o fEohd v JA S 93
AFA719] QA4Fo Aol AA dAwA 7)%e]
#tE7] Hel.

wetA FHZole WTAHY FAE FHo 2 shg,
ZAA st gt ial YRE 9 o]Fo] ¢z, A
of ol& A 2eA de HFAo] $581 72
& A4S YA 2R ARBAA} FE
£ w3 9o5].

5, RUEEL YFAE Foq4F BAo= gA
WA 282571 go] Al=5o] Tambor 5[6]
2 HAZ| FTFAoY AER o~ J2lxE 33
FAE, Maity §[7]& olaHolv|ue} tietry)
dYRYEZ2etelr e 2ES Fldddyy=
2 o|E(PET) AExwe] FFYAA, Ozaki &
(8]& Eefelzg2/9 (P/C) EWAEo ¢AE~
AL AHE3te HEsidda, Vigo $[9]e
7+E A 7tast PEGS AHestd 7 WA
NALAAE Azstglct. w8 Park $[10-13]&
-t dolu| o duelm Y o] E& 2-r]d Lo}
U)ol Deela Y o] E S ol HEA B T]w R Ao
EE 45 JEFIAT F N-vjdgolaYojuce}
TEEAA HALAAE A2 F PET &) A

-

% 1/

2j3te] of2] 7hA EAWSE Fate] ulTA oA
AA YL 45T A= Ao

£ drodde F54, a4 2 dAddx 25
7R Ao ot#zl PEG 60014, 15]5% o|sj2=2
sreld BF, &uj2x uk$A)A PEG 600-digly-
cidyl etherg 43tdct. o A4 E & A=
Y AWF opul[16]0]9 o FA] 2|9 A5l
EloddbEetalo 2 4 Fuk-g(coreaction) Al A 4
449 7 A& Feolul F7HAE Ax, o] 33
Ao AspA e} F4H tHAE FA 7] sl
ofMEAL0 R ofol&3A|A F4A49 AT GEF
Eelopils Azsglon, ojRE WAUAAR A
sttt

AzE AAAL Alge AR E PET
e 45 3 FAHLo2 Hestn Ag A3
AoiA e} FRAG A7 YA} 7 2A[17] 5
o FAAE T ARG, =T AR A A
35 Wste @2 w7ty o Fee 24 ¢
st Az JALAA} WEHE AT Jee
gl g

24 H

2.1 A2k [z

PEG 6002 Dai-ichi Kogyo Seiyakur}A| A%
[OH%t 178~196, MW 570~630, <23 18~22T,
Hx 10~12cs, v]5(20/20C) 1.1271¢ 292 A}
2342, AN9F=22s| = (EH)L Hayashi Pure
Chemical AHA] 15A12k& AELZEF3t] bp 28~29T
(20mmHg) 9] 8¢ o] 24319 Zvjel BF,
£ 7I1A&4 Tokyo Kasei KogyoA}#d] BF,—ether
complex AJ3} S5A1eF, o-EF-lE-EAHPTS)L Tokyo
Kasei KogyoAH#l &4]2F, SnCl,= Kanto Chemi-
calitA] EAeF 4 Ee]ojddg E2}ul(TETA)S
Junsei ChemicalAbA] 1FA|9kS 74zb ath2 L83}
st

=3 A471E4 $A 24 Sumitomo Chemical
A9} Sumitex resin M-3(M-3)[®&}9l4], control
resin]9} x4 Zv} 2] Sumitex accelerator ACX

(ACX)[oldA ]S 22 A1-43tsie).

2.2. gy
2.2.1. PEG 600-diglycidy! ether] &
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FA < gAY ohg 2k (Table 1).

wu7), #F947), Ay 2 LxAE 4
A~ 3¢ PEG 600 76.3g(0.127
mol)z 78 Fo]AAik Ewljel BF3 0.1gg 7b3kx
ArBe7] se] EH 23.5g(0.254mol)E 75C oA
80%-7F A M3 AztAzt.

o] uhg-& wradubtoly| wlfol 3| WAAF L
o, A&ske] 78CAA 6087 WEES SAAAA
o Ao AMzdikel PEG 600-diglycidyl ether
(PDE)& ¥t

2.2.2. £8Y E2|oj2lof &Y
fzAql FAHE b 2eh(Table 2).
200mle] 47 Ze}sze] PDE-2 71.2g(0.1mol) &
Yy DMF 110mlE 7}sted aubstel] shdg-s12)7]
xR 27 ste) TETA 7.3g(0.05mol)& 443
A7 e 74ACAA 12087F Hrpaks-2- A Ar).
Fubg o uboduk-golglom, ddojal PEES o

olfy,

2L ot

o Wizl
E—ﬁy %35% (=]
(PDET)& <4t

2.2.3. O E3l £84 E2(ojole By
hEA ) AL o3t Ark(Table 3).
200mle] 4+ Zetx~z ) PDET-2 78.5g(0.05mol)
< 120mle] Bof $3)417) ok AaE-97] sl 75C
2 25E &9 F olMEA 6g(0.lmo) S 22
Tol|A] 2037 AH3}A7la 85C el o 6087 whe-&
S A3

o ohke] WAle s WeES FAAA TkeE
AL AR F @& wad Az Akl oM ES) &

£4) Fejo}7) (PDETA) S 29ick.

2.4, IRYX|HS ®=E
300mle] u]o|A el 2.2. 204 4% PDET-2, -5,
~6(Table 2) @ 2.2.3.004] &4J§ PDETA-29} —4

Table 1. Reaction Conditions for the Preparation of PDE

[EH]*

Dropping Conditions

Ageing Conditions

_L=stS ~ . - Yi o
Exp-No  1pEG 600] Cal(e)  Tomp(C) Time(min) Temp.(C) Time(min) o)
PDE-1 1.0 BF, 0.1 75 80 78 60 83
PDE-2 2.0 BF; 0.1 75 80 78 60 82
PDE-3 3.0 BF, 0.1 75 30 80 60 65
PDE-4 2.0 PTS 0.1 75 80 85 100 28
PDE-5 2.0 SnCl, 0.1 75 80 90 80 19
*[EH]/[PEG 600] : Ratio of molar concentration
EH : Epichlorohydrin
PEG 600 : Polyethylene glycol 600

Table 2. Synthetic Conditions and Physical Properties of PDET
[PDE-2]1» Solvent Reaction Conditions e c

ExpNo  FTETA]  DMFm) Water(m) Tomp(C) Time(min) | cd(%)  Stablity
PDET-1 1.0 110 - 70 90 — gelated
PDET-2 2.0 110 - 74 120 78 not gelated
PDET-3 3.0 110 - 74 120 79 not gelated
PDETH4 2.0 - 100 74 120 - gelated
PDET-5 2.0 - 100 60 100 45 not gelated
PDET-6 2.0 - 100 75 60 53 not gelated
PDET-7 2.0 - 100 82 60 - gelated

a) [PDE-2]/[TETA] : Ratio of molar concentration
TETA : Triethylenetetramine
PDE-2 : PEG 600-diglycidyl ether

b) Stability against to gelation

TH3E, A5 A3z, 1994
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Table 3. Synthetic Conditions and Physical Properties of PDETA
[AcOH] » [AcOH] 2 Reaction Conditions e -

Exp-No  rppgro] TPDET3] VA 1oin(C)  Time(hr) L d(%)  Siabiliy
PDETA-1 1.0 - 120 85 60 - gelated
PDETA-2 2.0 - 120 85 60 93 not gelated
PDETA-3 3.0 - 120 85 60 85 not gelated
PDETA-4 - 2.0 120 85 60 92 not gelated

a) PDET-2 and PDET-3 . Water—soluble polyamine
b) Stability against to gelation

(Table 3) 7+ 10g# 7}8}a 60CE 7p&sbAA vk
afoll 60T 9] &5 200mlE 27e] &Eo oF 30
7 AAE Fhetel WE-ES HANAN FEE T4 A
zAe] 544 dARAASE 77 Azsheh.

o AukA| A 9] #Ae PDET-2, -5, 63} PDETA-
2, —4o] ztz+ u)e-sko] PDET-2A, -5A, 6A o
PDETA-2A, -4A% A3}

2.5. 71724 % 53

IR #A42 Japan SpectroscopicA}2] infrared spect-
rophotometer(JASCO A-100%)2S A}83le] A5
NaCl cellol] =237 3)4A)#A 2A3314c).

NMR EAe 42 PDE-2 7% DMSO-ds/
TMSZ 4], PDET-2¢} PDETA-2 7%= DMSO-d,/
CDCl; & 77+ A}4-3}o] Varian VGME-640(200
MHz) NMR spectrometer 2 43} gt}.

SEMel| 9J& ¥4.& PDETA-2A% 1, 3, 5g4 3
12§82 ol AAE 100ge2 HE o2, Az
> 9 2.65 zFolste] PET A& HTEE
#3439 =d], PET AE%W¢ International Scien-
tific InstrumentsA}2] ion coater(Eiko IB-33)5 A}
£3) 299¢ {43 5 5 219 SX-30EE #AAstyd
o8] FARXZEE 8022 3}4th.

&

2.6, HEYX|7IBAIY

PDET¢} PDETA%E 100% PET 7}2AHAE(A
A} 75d/36f, $JA} 75d/36f, "Wx 195x 95T, 3=
115g/yd)ol The3} o] Hejstod 2 A5e A%
ahich.

2.6.1 biE U XN2|=H
9= 2] A1z PDET-5A, -6A%} PDETA-2A, 4A
2 77t 2g4 FHstw B 98mlE sbshe] o AubA|A)

48 w5 A FAHEEA A ARG
hAWA A 24 2gH FAEM M-3 0.6g ¥ FAE
24 ACX 0.06g¢ FHstx & 97mlE 7}3to]
AR A g o] ARE-skelct.

A8E 100% PET 7}gAAES Abg3ste] 30T
o 4} 287} 1dip, 1nip padderZ 23] padding3}%ict.
Padding-& pneumatic heavy padder(Uenoyama Kiko
A, Z7) 3) 2 wet pick-upe] 80%7} HES
stgict.

du|AzE 9FA £8A27)(LewisAh) 24 110T
oA 287t Axslgeon, I+ flat bed press
(Toyo Seiki SeisakushoA] )24 160Co)A 227+ A
327}

2.6. 2. CHAYXIAIE

YA A A F ZHA7IAGE &AL fiber con-
ductance tester(Taiki IndustrialA}#], model Texor—
23), npA A &AL friction electric charge volt-
meter(RionAHAl, model E-1401)24] &4 =4 A2
Z27& A5 600rpme]3 wpAAEL HAZE 3}
oo}, 271443} vb7dy] &A1& static honestometer
[17](Saitowa TechnicalA}A], model Hotac S—4104)
£ At wAAshe +10,000volt, AT A82F
72lE Lbem ¥ 3AsE 1,500rpme2 Hshgich.
ol 37HA FA49 BAL L& 2042, AHE
40+2% %}

2.6.3. MEME ¥ BT =3

A A 8L marseilles soap 0.5g, BHIEE 0.2¢
% B 100g02 o]Fozl AAAL Agste] 70+2
CollA 4587 S. J. K. laundry tester(Showa Juki
AHANE AHESt AR, 103 o|Ae] Alghe
Mcsherry 5[18]e] Akt 7to] Al=habwo] g}
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F4E 25 Ad[19]e2 e, 2Hy
zt
AR A Algr) 238 20em x 20cme] AP

10708 AHAN F5A 22(A7A 15cm)ol] F-2A|
7 g 20£2TCY 5755 92 Fd& 5% 3¢
o 15~254-&9] Edgo] AH3}E i 243 Fo,
AFH Ao Ewhgol 53 WhAE A g a7t
A8 AZH2) & EAste Aotk NP3+ 103
2 39y 1 Yaghs Askodch
3. 21 & 1
3. 1. PEG 600-Diglycidyl Ether2| gHA&tol

PEG 600z} EHell 93 whg-2 sl&3 4R
A A|Z2FE= tetrakis(4-hydroxyphenyl)ethanes} EH
o 2J3t tetrakis(4-hydroxyphenyl)ethane?] tetra-
glycidyl etherdA3[ 2018 7122 3l A=3sFgc)

Scheme 1o PDES] dubAle FAslgw, =3
PDE @Ael slolAe] Aut wh§-27S Table 1]
veb gick

Table 114 PDE-1e]4 -3& %v|& BF,2 34
Al71z [EH]/[PEG 600]¢ E5=vE 77 2o
& oo AHE viehd Z9ld], PDE-1& o FA] 2
27} S84 Td)e &3, PDE2& A ¢
3719 okZel 747 Eof gl dubdo g o4
2o} gol B24% 2ol U@ SHEh FAEE
A& v|Fo| PDE-2%$ €39t} PDE-32 [EH]/

2HO (EO) \CH,CH,0H + 4CH,~CH-CH,C1

o
(-2HC1) | BF 4

2CH,=-CH-CH,~O(EOQ) __ . -CH,-CH-CH., (PDE)
{27 2 n+17CHy \f 2

¢ O
{NHZ(C2H4NH)3H
g}NH-C2H4NH—C2H4NH—C2H4NH{9 (PDET)
IZACOH
?H3COOH CH3COOH

NH—C2H4NH—C2H4NH-C2H4NH-© (PDETA)

EO : —CH,CH,0

(p ? ~CHp=CH-CHp- (EO) p, 10-CHy=CH-CH,
OH o

Scheme 1. Syntheses of PDE, PDET and PDETA.
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F2RE NS

[PEG 600] £%5u)7} 30024 uhg ¥ $E
Asdds doged, ol vukg EH/L o A
£5& Aol Y gsith

¥ PDE-4%} 5= PDE-29] Z7iel4 PTS%
SnCl o] Zvig 77t AMgst A, $4271E 85
~90ColA A FAGAE $53F0] T3] Aol
e Ful2A A3A] RS & 5 U

weld ofg] wheE7E v 7' 23} PDE-2
o whgzAo] tlAMAA A2 AAEACEA
718 A As}qdch.

Fig. 1(a)el PDE-2¢] IR ~#EdL Yehygls
dl, 2900cm ™ol CH,9 415415 (2119} 3450cm™
ol PEG 600 zbAl o] 4% ®43 OH AFAF
#4(21], 1110cm™ 2 960cm™'o} A AHA DA
SAto]=(E0) 719 C-O0-Co A&x1%(22]0] 24
Yeht Z14&e] EOZIE ¥ 47 Az,
1260cm™'2} 860cm~'d] o|ZEA] x|l EAF,U
[21]9 9o]as} Jeh} PDE-29] F2F¢) o} 4|
ze7h A4S ok

w3 Fig. 2(a)ol PDE-2¢] NMR A#EZS F4|
stded, 3ty o] H HEw2HE § 33~37
ppmel| 4 -CHO-(cyclic) %, FA| a7 F59
C-CHO- %, EOA ¥ ¥ C-CH-0- F+9o|2

(a)
_ (b)
xR
3
=}
2
g (c)
g
=

1 1 L 1
4000 3000 2000 1500 1000 700

‘Wavenumber(cm™!) |

Fig. 1. IR spectra of (a) PDE-2, (b) PDET-2, and
(c) PDETA-2.
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(a) j

L
L

(c) U

76 5 4 3 2z 1 0
‘ d (ppm)

Fig. 2. NMR spectra of (a) PDE-2, (b) PDET-2,

and (c) PDETA-2.

7F ARA bFA FolaE FA%E Ytk
w2hA Fig. 1(a)s} 2(a)] £3EA A2+ PDE
29 T2F §J¥ 57} stk

3.2. Ezlojaly gHyEol

PDET$} &AL 2.2. 2004 A=% PDE-2¢] Ez
obgl 7stA] % TETAE AHgslo] Fuk-gA| 7).

ARA T HEFRe wet FuEA T TuksA
24 Agsted, Zuidql AsAe S 9
ol F2 JNAAEN dT& stz TurAlY As
Ae FEFHAH d4 F2 comonomerZ A AF
< 23, 24].

PDET9] §Ao)4= TETA7} FubgAe] AshA|
24 9¥% s, TETA #7}4 PDE @the] o %
Al 22]9] H#} FAlol TETAS] ofnlz)eh H7)ul
+& Y3t Aol

% 4h3-2 Batzer %[25]3 Romanchick 5[26]
o] o ZA] £l ASAZA AZF Eejolule B
HREAIZ A VxR e gAstgen, 4
Scheme 19| PDETS} outAle 7|84t}

=g PDETY Aol doix9 At uhezA5¢

4% sle] Table 2 vieb it

Table 294 PDET-1¢j|4 —-3& DMF &x)3}ejl 4]
[PDE-21/[TETA]® E§xHlE 77 WAzl A
oldl, PDET-29} -3¢ YA &L <Askglevt PDET
-12- 4847k ¥ As}ts v}, o]+ [PDE-2]/[TETA]
L5 )7k L0olA 73t Aoz Bol TETAY 2
%% o] PDE-2¢} Ay & 1 o]ite] HA A
AEol AstEs o 4 Usith =8 PDET-29 +
Z+ Scheme 13} zHgtor}, PDET-3& Scheme 1
o] PDET$} PDE-TETA 1:1 ¥71AAEe &3
24 AzFH

PDET-40l| 4 -7& $wj24 DMF 4 & AH4-
sto] Fub-$A7] Aztqld], PDETA4E 4024 &
& A3t 2 099 2718 PDET-2¢} A A3
£l Asst dojytz, PDET-7& w24 A7t
uh3-A171 ZAQld] GA] Astrl ot Ho g u|F o,
foj2A DMFEC &8 AH-A] AP} 2458 &
skeh elejgh A4 SA44wlel o] PDET Ut
o] o ZA veE B FAle| A3t sec-
3 =FA)7)7F A E T o] Ro] wrbA] o FA| 1 E
FTAs oeHZ slae)] o3k Az} dojupe Ao
2 FA5ojAc

¥ PDET-59} 62 A3y} dofu}x] gkgton}
PDET-5% A2uk$0 2, PDET-6& whAlzt Zube
o= 747t 57| ZhaEgloh

mt2bA] PDET @44 [PDE-2]/[TETA] &%
2H)7} 2.090 Atejel4] DMF &u§3} 74CollA 120
F7He] ubgo] AR A AzA)Y FA 2AR
A A3tk Abs g

%9 Fig. 1(b)e] PDET-2¢9 IR ~¥E3L e}
Wlsl, Fig. 1(a)¢] o]z} vlds}x)2 1110cm™
2 960cm ' 4 ZAA E071Y C-0-Co A&EAF
[(22]e] #47 Jeh} 21 A& EO71E &9 7}
NN, 1260cm'¢} 850cm o o] EA) FE]e] EA
F5d(23]9 delads} Jeh} PDET-29 72
Tl obA oFA st EAFE gt =@
1660cm "ol A= #2F o}wle] NH WAAF &40
[(21]7} Agele deslre SXEFSFT[21]9 A2
FTEE] Fig. 1(a)Be} & 5jo]ag o]Ex ¢lgo
gl gt

oAl ] Fig. 2(b)e] PDET-2¢] NMR 2A#HE
1S EA e, Fig 2(a)olAet 7o) § 3.4~
3.7ppm F-Zel| A o FA] w2 F4o EOA F4
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olzvt AHAM & FolAE HA3}x Uslx, Fig. 2
(a)ol A gle Fola =, § 2.8~3.0ppmo] >C-
CH-N< F4 9 A23 ¢3&<] OH7|4 7]e®
Frlolazt Mzl vehd Ho2 Mol Ezonl
73shAol oJgk Fuk-g-o] A= Lol = k.

wzhA Fig. 1(b)e} 2(b) o] H3EA9] AxE n)
Fo| PDET-29 +%% & 47} o

3.3. H4g g=2E E2jofzlel &Y =l

PDETol| 4] o} EAte)] ©J3 PDETA 42 Park
[27]o] a4t 7}2njn| ol o} EALO 2 ofo] -3}
A7 eSS AR st Amsglch

PDETA S| outAle Scheme 1ef ZAsFgid],
Fejo}qle] AxsdAe] ofMEALo R ofo] 23} A
A4F dEF oHEEE PAsteo] oFo]2A e
ofulg dgirh.

PDETA Aol sleide] Amtzzs 933l
Table 3¢ vehiict.

Table 394 PDETA-1, -2, -3 uls-2% 9} A
7+e 34712 [AcOH]/[PDET-2]9] Z%w=u|&
247y ¥i3}A)7) Zqldl, PDETA-1L 1847 % A3}
7} dejygr.

ol21q &AFe Scheme 19|49} 7o) PDETA #
AW F54719 Eolule] Aidx} 47 Eof9)
4], PDETA-12 ofAlEA 1817} AA 3} 47)
F el ub3Ete AfE doy|A ode AdF
T4 ¥9%d o, A AadA 3R
o] AA A Fo] Fixez4 PDETA oot

o] FA] 2|7} 7f3hEo] sec—3]|EEA]7]7} ubg

Z ALYA 3FE FHsE AN AAF]
HE o2 AH.

PDETA-2= PDET-2 1%o] i3l 2E2] o}

7

ol oX N, ol 12 of

b o fo ox o

B 24417 A, o AfE ALeA B
FAse s Astrh doubA] ggiet =R 2709 of

2
A|EAL EA7}F Scheme 1o49} zFo] Axa} 43¢
T & AN Ax8dAe] 77t ofol 3 En
A7ts)e] =g, o] PDETA F&9| o} ghtte] A
287 F90l Ade sec-3|EEAI}F AAFAAR
Agate] QAT Ao FE YRS FA
o4, b EA 2847} hedl A Axun
2RRTE A% 714e g o 2erlY 2aga
£ ®A F437] dEY Qe 475
PDETA-32 PDET-2 1&x}o] tjs}e] o} A A} 3

Td3ksh, A5 A3 %, 1994

L
i

R S

A5 2447 A, oA EA B2 AR b
A Feta opihgEAE AEH oY Y
F edo] oju] opxlE3tE PDETS A9asz
dtof opMEALS] HTE wWalsr] dEdl Heo=
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Fig. 3. Changes of surface electrical resistivity vs.
wash cycles on the fabrics treated indepen-
dently with antistatic agents.
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Fig. 4. Changes of surface electrical resistivity vs.
wash cycles on the fabrics treated conjunctly
with antistatic agents.
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Fig. 5. Changes of initial voltage vs. wash cycles on
the fabrics treated with antistatic agents.
Solid line and dotted line refer to indepen-
dent treatment and conjunct treatment,
respectively. Antistatic agents : Blank(H),
PDET-5A(@), PDET-6A(A), PDET-2A
(V¥), Electat U-52(5¢), PDETA-4A([D),
PDETA-2A(V)
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Fig. 6. Changes of decay half time vs. wash cycles
on the fabrics treated with antistatic agents.
Solid line and dotted line refer to indepen-
dent treatment and conjunct treatment,
respectively. Antistatic agents : Blank(l),
PDET-5A(@), PDET-6A(A), PDET-2A
(¥), Electat U-52(5%), PDETA-4A(O),
PDETA-2A(V)
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Fig. 7. Changes of electrical resistivity vs. relative
humidity on the fabrics treated independent-
ly with antistatic agents.
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Fig. 8. Drop absorbency vs. wash cycles.
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Fig. 9. Scanning electron micrographs of the surface on PET fabrics treated with various concentration of
PDETA-2A. (a) Owt%, (b) 1wt%, (c) 3wt%, (d) 5wt%
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