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Abstract—In this study, we synthesized durable antistatic agents with acrylic monomers for
preventing the electrification of static electricity which is one of defects of polyester fabrics. Also we
synthesized quaternary ammonium salts which give antistatic property and crosslinking agents which
make antistatic agents adhere to fiber. The treatment of synthesized antistatic agents on polyester
fabric carried out at the condition of various concentrations, treatment times and temperatures. The
antistatic property, handle characteristics and other properties of treated and untreated polyester

fabrics were also investigated.
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Tambor §7& W&o 18 ZE FS5A | 9 ek the, 43 2Ae dEA(olad g, st
3 ool 23}, MM e ZeldzHE 2 Eo| A, olhE ZH7 Beletm, né Wb E Alg
Zalolvly} Zo) SaghS 2EF £ 2 A6l ste] 7| g3k2 1083 AAstac) fat 8
At i, IMEeRs 4dd duksd el gy Bz 1335 Fhetm YA fatd &
Hers Zelolsgz, Jd2 9 otmd A& Bald ®olsle] Aslstglsdl, ez Yo &%
2o R YT dASAAE A2 AL = BHCE FAL 8 AAAE /5 &
A gk =3 Park E£7'Me 9-dimethyl A Zestgich 98 wEke 30rpmoE /A
aminoethyl methacrylate(DMA)E oA EAF 3 shA 23 AfAAS D s 3412 B 4F
Dimethy! sulfate(DMS)& Al&-ate] oz 2] A2 s whgxR Hstste] Hhe-g §xslu, 243t
Az 5 Zejdzu2 A& A-435%] Bol e emoA %4 AT whHgo]

o] ApoME Eeloag 2 Afe AH Fo gdagm 4oz Wzhe AAsty, WiF 2zt

9]

shuel Fxr] S AS] sk, Eefolx
B2 Adfd sl dstEol gle ofAauA A

2 7oz A pEAZ 381, 49 YEF Table 1. Characteristics of monomers and chem-
Ade 59l sl tAMAAAL Hojstnat & icals used in this experiment
Ao} 3 Aot A 23 Fo Hiew
A BQete nEA o9 MEE Jlw Index Name of chemicals MW
o S o = ] ;
THSAIA AE HF = 5 ﬁ*]%&ifﬁ Za|ofj 2~ AA Acrylic acid 79
HE A58 W74 dawAxs @4dsta, o
HAE YA E FelolsH 2 2 gl Hg3) MA | Methyl acrylate %
o T 24, Al A& Hg 2 g B4 Acrylic | EA Ethyl acrylate 100
o sl HEsA Monomer | 174 Itaconic acid 130
2 Al 5 BA Butyl acrylate 128
2-EHA]  2-FEthylhexyl acrylate 116
21 A B » APS |  Ammonium persulfate | 228
Initiator ; o
Zelo| 22 DTY faille =& NaOH(50% SBS Sodium bisulfite 92
soln) 4g/ ¢, FEEAA 1g/¢ 3 A5 AgA Cross- N-MA! N-Methanol acrylamide | 101
05g/ ¢ & Egsle £ &9& AM&ste] ZEE S
_ linking  [2-HEM] 2-Hydr thyl methacrylate| 184
AN Zasdn, D714 € Q0T agents e
80 m/min) 13, A& 7rErlelA] e e GMA Glyceryl methacrylate 142
8~20%)8td e, 2F F (180T, H0m/min) AFFA| Aminoethyl ethanolamine | 97
5+ o g Al A o] E o] & Alzy AYgHY & ] .
& T dAAACTE A 2] HAe DETA|  Diethylenetriamine | 100
2BemX30cm A7V 2 Avkste] A g8 ALEE AT . :
Amine DMA 2-Dimethylamino ethyl | ;=
22 92 al Aot methacrylate
) 2-Diethylamino ethyl ~
%% wAle Table 19 vyl vhst 2o 7} DEA methacrylate 1
A REAo 7 A&t 39 dEAE Ayt : ary
¢ =0 = s Z} ] j oL G o N Ernulsifier| NP-40 Polyoxyethylene alkyl aryl 1980
o] o]EERRE AL HAE = Ao ALS ether(40EO)
gt zbzhe] kAl 19 Aoz A A ¥l Cationic -
e A}estac agent DMS Dimethyl sulfate 120
23 o gy 23.1.1 22Xzt 5™
23.1 CIEERIH g A3 gAY BxEe 53387 9l
A A e EHgd FIAE BY & X Gel permeation chromatography system

414 / Ry D E ik 134 @T6R(2001. 12)



FEATEASE b0 ol 8% TH WARAA Ake] B AT 57

(GPCV2000, Waters Alliance Co., USA)E A}-&
ste] BEAsiglon, BAEUPHe B Es Fowi

BASE ofn 4 glE ol2Y uiAe] £5

A% % $EFE Fetn, YA e @
BB $EYY 2AYY $AS Yehle A%

g Zdsle] o] AYHozRE FHITRAF
(M : number-average molecular weight) & &4k
35
2312 FT-IR &4
2EAEY e FT-IR(FT-IR 420, Jasco
Co., Japan)& AH&jA EA8tgon] Ay
AEA FHAE Feld Aol s 50TE 12
AZE Az HEAE R BASGY agn ¥
8ol BAe KBra Hg A 25t BA355u)
2.3.1.3 DSC £4
a2 gAY T, DSCDSC-50, Shimadzu
Co. JapamE AH&3lM B43liv). £48 A&
2§89 9o =Fsln 10C~50CR 228 ¥
SN FIHA 247 2F AzAlA RS LEL ALgs)
Ak Bz 10T W2ea -100C A
150C7MA] &% 10CTH F-23twA] dolzde] W3
g #EsAt
2314 0o}0] =g =X
olvl &2 57] DEA % DMAS9] ofgl
Fdol TRY o]Fo FAA 9 ozt %‘ Sk
of ofRl F&E AMEHT o7 opizte
8 lg 59 Aot s Z3}sled B od %3/&4 d
ok& KOH® ¢kom 3)ki A5k 7Lo]r,].. A 45
PEFEY FErl ol Wﬂlﬂwﬂ &
gets Ba2r A9d %—?— Vg algsted Fel
Bl
2315 ME8 £
AL MBS =32 AN AZINFD-600,
Kett Co., Japan)E& AFg-8fe] 714zx7+eko)] o) 3l Wb
Hog 74 ZFAE A3l Karl-Fisher(AFS,
Orion Co., USA)E o] &3l =185 73 v}
T 2K 537kl Aolg BelM ABEL ol
o Attt

[e)

Z

ll_\}_L

\

S

W0—H
Where S Rate of dry weight(94),
H : Moisture regain of Karl-Fisher(96)

x 100

Conversion rate(%6)

232 CHAEUEX|H 702
2.3.2.1 CHEIEER| N &2
FAE AR AS 242 05, 1.0, 20, 4.09%%

Mgl &AE Az thg W(P-Al, Rapid
Labortex Co., Taiwan)Z 2 dip, 2 nip #4lof 9]
& -‘3%’%01 80%E WPt dujdze %
g Z7](No549, Rapid Labortex Co.,
Talwcm)e /\}&o}w 120°Ce A 387 Az o
o 3% e 5Y EFAR7E AEEA
180Tl A 187 AAlskt},
2322 obEb CNet £
z2ee i odYg S%71(RST-201, Daiei
kagakuseiki seisakusho Co., Japan)S AR&8fo]
JIS L 10949) 52 B¥oz 7+ Algd e 53)
A Z3 gt 3 0 HEAE v gAges &9

=4 24
74 AE, Agst 2 g3 52 KS K Uy
of &5t Aldstsia, e 3le KES-FB system
(Kato Tech Co., Ltd, Japan)e o]&3slo] &3
At 39, A%, S 59 1654 2 A=

204 g 3n.
3. Znt A 1F
31 CHRRIN g

3.1.1 PA(polymerization acrylic monomer)2| 4
3ol AHEE @A E Table 20) el =
d, dxde PNH Ege) Bel Mg
= olad A Fe 2= AtE vFEor
dHstden zhzhel dRAlE nyEta %“‘L 7H

ALl Fd g 9 Al ERE WA s
hA) 2 HA)slget ok o] 2L k) Zi%
ztzkel olz YW @FA7E 7pAE T8 BH|R 4
2 HWoHH 30~—40C7é1:§ ZP@{S_ Zolt}. o]
sb 2ol T 2Yshe e % o2 45
AesH HE £X= Ay & 51@_7‘:0}] Qare
F2| ggolok 37| Wl ol e T,E 71A= Ao
uhgtzl sty

Jalm okad kel 24888 Table 29
Rl 24e2 stz 3 AAAQ ammonium
persulfate(APS)?}  sodium  bisulfite(SBS)Z -9l
wel Zhzhe] 24 W) go] wE £33 Ades
Table 39 WtelAT}, o] Az oA AHA
Aoz 23 3ggo] 932~984%2 =A veht
Itk olHE & FHE(HEL)S Kol A
2 olad TEAZ 23 gl rEHe EAE

o sz udsE 74 olad v} sl
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Table 2. Composition of acrylic monomer for emulsion polymetization

Composition monomer ‘ AA MA \ EA ITA BA HO } NP-40

Concentration(mol) —] 0.05 0.05 } 0.20 0.02 0.40 20 ) 0.002

Table 3. Addition amount of initiator for the preparation of acrylic monomer by emulsion polymerization

Products g 5 T 5 3 g 5
Conditions P-1 P-2 P-3 P-4 P-5 P-6
Initiators APS 0.002 - 0.004 - 0.006 -
(mol) SBS - 0.002 - 0.004 - 0.006
Conversion rate(%) M1 93.2 98.4 96.4 98.1 r 972
FHlN 5% Aol AUAOR ) WRel  EHER FQelgch oldid pHB BeE Fa
o}, dolzl FE7RA Xﬂ Fho w2 FRAINE Table
wd Ay Aoz £3dE dYAe FF A 4ol e, 8 HE82 PA-12AE A
A|A ] ZFo) wgl ekrrel zfelrt 9lEd), A Q3laE 9% L AE&S VeI
Aol HArtgko]l AAH T A APSE AME-S A7t :L?/h— %%L %“3*“91 o] #z) ﬁéEﬂE e %*}

SBSE AMg# 7 SR} Agol .
:aaur APSE ©% 50 dfhe Afgel b3 S48 A% FEAL 9BA A5 2= 4
SHAN AEZ BAT GRANN B2 Aflel RALPAT S B5Y AOE Uitk

°FJ olfd Sl WA s As AAL ok 2y YR TR AAAS FUFE
¢ AAT BAA e Hd dFAL] KTl AUHoR STMTIIAG AaAA TS DB
Ae dstadids SAd fxaM 8 4 diks Adee] SEAoR AoH Y FH
Alsted st d e A&Hes fAF 48 gashks @84S e eisdrh mebd sk
FH ABEe Fheke Ao A A’ AENE ALY B A4 DS Az g
e o7l E T3 AEES AR wd & Fo 5Ue st x&ARl Ax xdem
e MY sfutEA Adstgd We-g FA PA2E HA 2HoR JAstuxt sk e
Arshe A2 HESA i FReEe whARtE 41 S Wes
o] Aol= FEAMAAZE APSSF SBSE A AEE ¢ gled], of 2dE d3d Ay At
galslent, ol APSE dwbHog dategt 1 e FFEEE HTE aAstn, TS 3
NAR AEH T, SBSE SH9TR AAAZ B3 AR Ak 3 2/ 0] 2ro s A
AHgEe Res TR NAAL FAEE 14 # olFA FHF olAY @A FTRES FT-IR

He] zpoz T ol Hae] T ANA L AR BHSR T ARE Fig. 1o] ekl

2 Algshd 23 AFEE TOTE & AR A At adolA vt AxE BEUE e A
A PARRA FAolE 97 A5y aglo] H =2 gsly] Yot ~AeH N ALgR 2tz
H, AU FEAAA L TP EAE el 9 o}aa‘ daEde] EAYAS 31 4 gl
HAZ glo] 13 Fdolrel AAE VFoR @ BA®l =4 #3E 2876em oM ogzgﬂ.oq
2k g AAIBF T C-He] 41&z1%(streching vibration) ¥<jo] o}

e 14 FAoe BY WHoR 44 Efvhisd], vt @71e] C-H A% dde
sHon 9 MAAE A7 SFF 2mold) & 3300~2,750cm "9} WeiolM  vebdth oy
et o] 55 24zt EelaiA Fall Felste] vt C-H 2% & &= C-H 23] &4d3}
SA 2L gAY T kA F9 RS 2E % 7] o ol¥g @ wAaz 2l
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st e Zasld. CHel o MEdge
2,872cm ‘ol 1, HITthA A& FL 2962em o]t}
aslme 2876em o UYehd g3E BAS Uz
719] -CH; 93 421&2E 93z B 4 3ltk AA
o] B4 93 3218cm ' A vehi=d], Lu
O-H 9AE nj$ BHa=s 3400~2400cm o
AE2F FH 2 EAstA T C-H F<Foll 7H4
W=} o 2| 27]9] C=0 3las HR =3 4l
Z1%£0] 1730~1700cm "ol 4] Doy}, 1,734em *
A Uepd dlzel2 slae olad weke) %
719] 9¥o 7 conjugation BHE JERG Ao
2 4 9k MA9 54 33E 1,166em” oA
Wy Wz 2 Z(in-plane bending vibration)

of ogk HAZ vepdh 31 ITAS EAS] 2%
AA 2 MASH FARSE SlElE Jix) 1 glena
FT-IR vjaxdezs e 43 da s vehy
7} oj"dr) AW Ztzhe) mIAe PYEE “Atlas
of polymer and plastics analysis”®2 #mz u)
wad FEEA] G RE BAY 5 ) )
2o o] AFelA Y 4 zHos FA4W
FERAE A9 of2d Do) 2la) B4
AEE T 4 dom, IFRAY BATEE R

st Yebd Aol Scheme 101t}

312 HdZ LRFF(QAS; quaternary ammo-
nium salts) &HA
ofZY whEkA vt R e PAE UIAMRA

-

2 4 o X

O Y

rr

WArg A A e #e A 59
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N\—.*\w\ \ /
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Fig. 1. FT-IR spectrum of synthetic acrylic
polymer(PA-2).
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Scheme 1. Postulated structure of synthetic
acrylic polymer(PA-2)

o] W sl AL7|7F FEetet wtebA] didd vz
A5 W3St Bl ool Hashy, ol 9
3] 2-dimethylaminoethy methacrylate(DMA, MW
157), 2-diethyl amino ethy methacrylate(DEA,
MW 185)& AHE-3ti ], o€ ot @& o}
A BEAT S 7R 9lon Tedde 3

Table 4. Addition amount of initiator for the preparation of acrylic monomer by emulsion polymerization

- ]
Condn Products| ), ¢ PA-2 pA-3 | pa-d l PA5
onditions
Initiators APS 0.002 0.004 0.004 0.006 0.006
(mol) SBS 0.002 0.002 0.004 0.004 0.006
Conversion rate(%) 97.3 994 994 994 99.3

Table 5. Yield of quaternary ammonium salts according to the amines & cationic agents

Synthetic method of QAS Classification Amine Cationic agents Yield(%
QAS-1 DEA Acetic acid 38
Atlas Chemical
QAS-2 DMA Acetic acid 40
QAS-3 DEA Dimethyl sulfate &9
Keun
L QAS-4 DMA Dimethyl sulfate 93
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Apgste HA 47 dREFS FuE Az o
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AN U= A0 198 & U w7
Mol we £8& Hehje Row FduEn
@8, T4 47 FuEe Ut Fol e s vet
o QEAE Hs] fete] BausdEsy
& Atgetdd, 950 APdoz VR
AoRE PHR NEL FleHS 2 9E
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stAl #elsly] st Sl Alg= OP‘Z‘J?J
DMA9] H3E g7 vepfio] vlastgich %"‘é?—?}
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EEde 287158 E1E 4 rh a3 45
25 A DMSE A A Hag
“Analysis of surfactant”PelA] Jehz gle
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Scheme 20 UERd ule} e 32
= QAS 7} ig 450 gm F8E 4 ok

20 . -
4000 3000 2000 000 600

Wavenumberfem-1}

Fig. 2. FT-IR spectra of DMA and QAS-4;
a) QAS-4, b) DMA.

CHy
(—CH2 Cﬁ- + (CH3)80,
= LCH3
O——CHZCHZN\
(DMA) (DMS)
CH;
—_— %cr—xz cﬁ»
\_o CH;
O—CHZCH2N® CHs- SOLCH;
cH3
(QAS-9)

Scheme 2. Quaternary reaction of DMA with
DMS
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ol APHG S FFE + Uk
1m0
0L, a) A e ¥ S
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£, QASE AHSste] AT diAAE
IO FAEH mpEdddds dEdEAst 95
¢ & ded 2 2232 Fig. 49 JehSIth
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gatA a7l flsted P RS 0% 2 etn o
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QASel Tl @] wE mhEtHste] Aloj= £
A & = AUk F3, QASY FUFE T

6 Y

] -
4000 3000

2800
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Fig. 3. FT-IR spectra of PQAS-1 and PQAS-6;

a) PQAS-1, b) PQAS-6.
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Solatelrt
3.1.4 PQAS(QAS/acrylic monomer)2} 7}m <}
S
Aeel AP QASY FYBel wet 27)
npz gidQtell e AEE Ao)E Hole AL Rl
& 4 YAy, FHAAA FF AAA FR Y
Aol e AREe) AolE BAT % 99
o, e} QASel FU%, 58 A4 5L T
Aol ARIAZ Qe Aoz vjeluA], A"
TolE Aol A 2FHHA @k A
A MRS PAIE Yoz sm d
Ag AgeA 2Pk wHel n, BAE
A2l RARS PRAA HRoe AL ol
£ PE AuE 5 e PAel PASe
235 W 52 HES 4 ol
Agores WTAES FdA7E e
A AR Fek gt wHe A6
Red, A8 29 QASS 3T ANAL F
e A2 aAe kn vPAe) FY 29
0.2moll A 1molE ZF7 A1 7184 A8t 5
dE 7taA Y Fxel W FF FAAY A

Table 6. Addition amount of QAS-4 for the preparation of acrylic monomer by emulsion polymerization

Products| PQAS PQAS PQAS PQAS PQAS PQAS PQAS
Conditions -1 -2 -3 -4 -5 -6 =7
QAS-4(mol) 0.2 04 0.6 0.8 1.0 12 14
Conversion rate(%) L 98.7 989 9.1 9.2 1B 99.1 9.1 62.0

"PQAS ; QAS-4/ acrylic monomer
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€% Table 791 Jelfii=d, S¢FH A
N-methanol acrylamide (N-MA)S] ¥
2 A AolE KAtk N-MAS] Fgi#o

=1
=
oA Azt = o] By
Z Hol N-MARY 2 #ke-4
e N-MAE F<dsta 45 9gd 248 3
gko] N-MA Al&& 3 %
He Aon fugch

olg7 sluAZt EU® A PQASCE 1
P8 40%2 2Fstn ARRAE 242 20%2
sl ate] ehAUAYT 103] AEtFo] whEvAgY

= Z74st] Fig. 59 Uetliditt &4 539 2
I e vt whEA o] ARE T A BRlof
JEe HoFn vk &, vhEdAS S99 4
7000
® Before washin94|
6000 | O After washing
5000
2z
& 4000 | © o o
©
£
(&)
2 3000
3
1]
2000
1000 \\N
0 L | I il 1 1 1 1

00 02 04 06 08 10 12
{Control)

Concentration of QAS-4(mol)
Fig. 4. Antistatic properties of polyester fabrics
treated with antistatic agents and washed for 10
times according to the concentrations of QAS-4.

6000
ol

g ® Before washing
O  After washing

5000
> 4000
@
2
2
S 3000
o
=
92 2000
© o
1000 o
® ® ®
0 Il L 1 1 B I
0.0 0.2 0.4 0.6 0.8 1.0

{Control)
Concentration of N-MA(mol)

Fig. 5. Antistatic properties of polyester fabrics
treated with antistatic agents and washed for 10
times according to the concentrations of cross-
linking agent(N-MA).

sl =g WEohiA Thugtso} A nEAAL

WTHeR A5 F3E FUE FAlskE Ao
2 goEn A8 g9F0E S B
A R AYEY RGeS PQASC-3 &

Table 7. Addition amount of crosslinking agent(N-MA) for the preparation of acrylic monomer by

emulsion polymerization

_
B Products| - poasc-1 | poasc2 | PQASC-3 | PQASC-4 | POASCS
Conditions
N-MA 0.2 06 0.8 1.0
Conversion rate(%) 995 9.7 99.3 3H.2 215

" PQASC ; polymerization of PQAS & crosslinking agent
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Fig. 6. Antistatic properties of polyester fabrics
treated with antistatic agents and washed for 10
times according to the antistatic agents with soft
crosslinking agents and amines.
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Table 8. Preparation of crosslinking agents and amine for emulsion polymerization

Products | PQASC- | PQASC- | PQASC- | PQASC- | PQASC- | PQASC-
Conditions SA-1 SA-2 SA-3 SA-4 SA-5 SA-6
2-HEM 0.05 0.10 - - 0.05 0.05
Cross linking GMA - - 0.05 010 | 005 0.05
agents & amine
(mol) AEEA 0.05 0.10 - - 0.10 -
DETA - - 0.05 0.10 - 0.10
Conversion rate(%) 98.7 989 99.1 99.2 99.1 99.1
J4 ]

"PQASC-SA ; PQAS with soft crosslinking agents & amine
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Table 9. The molecular weight and conversion rate variation of PQASC-SA according to the initiators

Products PQASC- PQASC- PQASC- PQASC-
Conditions SA-7 SA-8 SA-9 SA-10
Molecular weight 65,420 56,126 50,994 { 44,668
APS 0.002 0.003 0.004 0.008
Initiators —
SBS 0.002 0.002
Conversion rate(%) L 995 99.4 99.4 99.3
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Fig. 8. Antistatic properties of polyester fabrics
treated with antistatic agents and washed for 10
times according to the molecular weight of
antistatic agents.
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Table 10. T, and conversion rate variation of PQASC-SA according to the acrylic monomers

Conditions w

Acrylic

PQASC-SA~11

POASC-5A-12 PQASC~-5A-13

monomers

Conversion rate(%)

J. of the Korcan Soc. of Dyers and Finishers, Vol. 13, No. 6(2001. 12) / 423



© ¢ -
66 ol - Mg

0.10 _
W Bending rigidity 1.50
3 Color difference
— 0.08 1.25
g |
3
5006} 1004
= 3
3 5
2 075 &
2000 =
2 5
] 050 &
o &)
002+
0.25
0.00 L—— 0.00

Control -30 -20 -10
Tg of antistatic agents(°C)

Fig. 10. Bending rigidity and color difference
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Fig. 11. FT-IR spectra of antistatic agents ;
a) PA-2(Synthesis of acrylic monomer)

b) PQAS-6(Synthesis of QAS)

¢) PQASC-SA-13 (Final antistatic agent).
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