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Abstract

advantages
stability.

Super engineering plastic(SEP) are applied to high performance and high
value industries due to their excellent mechanical properties and high continuous
operating temperature. Among them, PES and PEI are amorphous SEPs, and have the
of high flexibility,
In this study, polyethersulfone(PES) and polyetherimide(PEI) fibers were

mechanical properties, transparency, and thermal

manufactured to produce flame retardant artificial hair. PES and PEI fibers prepared

through a melt-spinning process at a high temperature of 360 to 420°C. They are

compared with commercial artificial hair by thermal gravimetric analysis(TGA), linear

density, tenacity, and limited oxygen index(LOI) analysis. PES and PEI fibers have

similar linear density and tenacity to commercial artificial hair, while their thermal

stability and flame retardant are excellent. In particular, flame retardant was analyzed

through LOI value and PES was 35.1%, which is superior to commercial artificial hair
PET/Br(28.2%) and PET/P(20.2%). Therefore, PES and PEI are suitable as artificial

hair for flame retardant.
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A7RIe]) Q% Aol Mgk 4 glck EE Jhg WAAE
L polyethylene terephthalate(PET)*®, polyvinylchloride
VCP?) Sof @ty Hgrt ol AFgEI o] det we
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PEIQ] &/d& Table 1of UER|SICE
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Table 1 The characteristics of PES and PEI

Sample PES PEI
Melt volume-flow rate, 20

(g/10min)
Densi

t3y 1.37 1.27
(g/cm’)

Softening point
330-390 350-400

(0

ol 3 mm =& *}9-0}0:] SEP 7PFZALS:
oF PEZ} AREEIQIAL, WARSH ] A BE SR]= 120°CoflA] 4AIF
ol Axsto] 222 AA = FAIRI. dESHE T =5,
235 38 45 U FF &%= Figure 13} Table 20f A}A|3]
LU T, AL 2=+= PES7} 360°Ce} 380°Coll A ASHRIAL
PEl= 400°Ce} 420°CollA] BIAFSHACE. 7\]’119] 0|52 44| ol
A 225 25| AFgsto, oS 5 360°CoflA] WAL PES
7PdARs PES3600]2t sttt

A zstAct. SEP= PES

23 =H

231 PESQ} PEH M9 SM 2
Aee A7 & BH F4E =Qstr] Yol Field emission

-scanning electron microscopy(FE-SEM, SU8000, Hitachi

Ltd. Tokyo, Japan)g ©]&dll 45, 7PEAN] It

L Instron®-3343(Instron, Norwood, USA) #Ax|E 0]835]

Ix

Feeder

Hopper

Twin-screw extruder

Motor
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Figure 1 Schematic diagram for the preparation of PES and
PEI based artificial hair.



Table 2. Conditions of melt spinning process

THAXLO Y SetAE 7|8 HAd HEA M= 105

Temperature (°C) Screw Feeder Winder
SEP Zone Zone Zone Zone Zone Zone speed speed speed
#1 #2 #3 #4 #5 #6 (RPM) (RPM) (MPM)
PES360 250 300 360 360 360 360 90 0.5 500-3000
PES380 270 320 380 380 380 380 100 0.8 500-3000
PEI400 400 400 400 400 400 400 150 09 500-3000
PEI420 420 420 420 420 420 420 150 13 500-3000

100 N9 2=A(Load cell)& A=t &7 Alo]x] ZoJ= 5
0 mm, F2ASE A E(cross-head speed)= 12.5 mm/
min®] 452 4etgirt. ojn] AlHe] 7] k2 100 mm
o A= 25 mmo| 27|12 FAsIa, 287to] Algof tis 10
3] ¥t Ados Aojxl ro] HtE A&

PES®} PEI 7PHALe] 71d 2o T2 A|g9] ¥sts 4
o171 51 a9l 71 Ee] BN M=ol Jkd 4ig

& 10°C= Ad7Asto] 800°C7IR] &5A71HA Alee] &A1 &
EGEH]E EX5FFTHQ500, TA Instrument, USA). 489 =
L FE-SEMOR 107142 S74ste] Bagte Atgstgion,
t}2 Al(1)o]l o4l denier(den)® AAtICHY.

r-lﬂ: 1%

1
d=f(55)? — D= SG(-L)

where,

d : Equivalent diameter
f: 12 for d in ym

D : Fiber denier

SG : Fiber specific gravity

232 PESQ} PEI 7}2tA} EA EA

SHAI A AK] S (Limited oxygen index; LOI): PESQ} PEI 7t
A= KS M 3032(4k4a Klpiio]l ogh @A Ajlge] i
) A Tk 48 Adle] 5% W 5 A-240) ot
2} A28 25ty LOIE B4eler) Al8S sha ohgo) A
(@0l olstol Axxl2s it AlF PHe 382 oo,

o HEAE A

27 olat 3 WAl Reixl Fakct.
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X
) + 7, 100 ©)
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3.1 PESQ} PH 7}EAle| &

Az PESeH PEI 7haat Afo] & ey BAE 9ja &
Z2F8 M(Thermal gravimetric analysis: TGA)S AA|5HTH
(Figure 2a). A990] AL 2% % YAXNE AR UrS
ol =& & Aol YERI D AA By o 100°CoA
PES: 1.3%, PEI= 0.8% %% 7t47} WA¥sti 1, 250°CollA
PESE 2.2%, PEL= 1.4%9] 5% a7 U tHFigure
2b). AHE 7HAl AlE AFE 2291 100~250 °C AtoloA =
ek 7ha7t 374 Uojubx] 9F= 7102 Hol, HE AtRo] &
ojg 7o oAzt

PES 9 PEI A ou _TI_L}]O:‘/\,

=
o o
o] glon, TGA 242 Fslol 480 @ ohyie erlstyl
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Figure 2. TGA analysis of the PES and PEI based artificial hair using a heating rate of 10°C/min in N, and air.
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Figure 3. Fineness of PES and PEI based artificial hair. Inset images; SEM images of PES and PEI based artificial hair at highest
winder speed.
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3.2 PESQ} PH 7}2rAlo| HF XK L2 Mx

$8UA 3L SUL, YA Wt Fo] 24 W
st= slolstict. W4 TS A4 500 m/minolA] &) 3,00
0 m/min7bR] CroPl steloint. AR SRS A
90] RAL 7raslgon, AR EE Zrlete S Solg

a IR A= =

c
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-~

2 ololt. E¢t SgWAL &5 70| mEl 4g B4o] el
S Ae st

PES 490 2% e BHETONE WARE L A7 ¥
sfo] ofgFe W= o2 WH 4 99T, 500~ 1,000
m/mino|A &% Wslo] w2} A7 x}o]z} <F 3u)) o]Akel A

< =I5k, HFE=7F 1,700 m/min ofgolAl 2 Alo|=
HolR] ofoftt. PES A9l 3% 360°CollA] WAL A] 8 ~ 26
denier oA et A4 3 B ou(Figure 3a), 38
0°Col|Al= 8~62 denier &0=2 ¢ Y2 HoA A7 7t
o] F4=|ltH(Figure 3b). 53], 360°Colx #HFSH A5
SEM T AR BH A7t 719] d74dsh vhd, 380°CollA+=
Ao Al Apol7p &AsHA WA 4~ QlSlth ol WA &
279 2%t 380°CHLOt 360°ColA] o L3t 455 Al
& £ Qe 3 2GS AT 4 ot

PEI G+ 32 S M= AR o] T2t 2 Ajol&
Boli, 2,500 m/min o]Q] &Eojr= 2 Alo]E HOJA|
oFQfTt. 500 ~ 2,500 m/min Ato]ofx= WAL 37 WHEtof| o
< A4 Aol7t oF 3uf A= fgaste A =Rl 2 itk
Figure 3 ct dg SaliA] PEI d59] 4= 400°CollA] 13~
59 denier, 420°Cof]4] 13~ 101 denier ¥ 2 WAL Qict o]
23t b= PESO} H|R3E FdE UEREOH, 400°CollA

Bl
TFLE S AET 2 U £UALS Helsst,

A HE 107

35k ¢ PES360
) © PES380 A A
A PEI400
30 | @ PEI420 % °
5 25 A“
3 AA‘"::'
2 o0 M ® °
g 20} oo  29®
: RER 44+ 2L
2 ** o
15} '“:....
10}
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Winding speed (m/mim)

Figure 4. Mechanical strengths of PES and PEI based artificial
hair.

3.3 PESQ} PH 7pgAte] AF&=of w2 Z
N AP Al & EoA Alart Bdd TivtA|
S F7MIPIEA A g Zolet Mk
= 02 545l Wolch. PESY} PEI 7hfe]
U3 S50 HE ot gyl WS AWh) 94
(Figure 4). 7 ZAi} PES3602 1.4-2.2
g/den, PESSSO% 1.3-3.4 g/den, PEI400& 1.9-2.9 g/den,

Figure 5. Artificial hair; a) PES, b) PEIL c¢) PVC/Br, d) PET/Br and €) PET/P.
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deniero] Welo] Meg UERALL, WAtRA 2 WHEE A
ool we} cloret AAL 2= HeE AAY & 97 g

S 7hY Ao gol Zloz wuHoh EI HRE A
T = PES 7127t 1.3 g/den, PEI 71EEAb7E 1.9 g/den®] 74
=5 YU o] 32 A& 7IEARRl PVC/Br(1.4 g/den)
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o 94% JEE Uehh 22 Halg 4 olckFigure 6b)
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Figure 7. (a) LOI of PES, PEl and commercial artificial hair. (b) LOI test process and (c) after LOI test.
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Table 3. Properties of PES, PEL and commercial artificial hair

FTHAXLO Y SetAE 7|t HAd ZHEAR M= 109

Sample Diameter Tenacity Lol !Vlel.t Th'ermal
(den) (g/den) dripping resistance
PES 61.52 1.29 35.10 © ©
PEI 59.26 197 30.70 © ©
PVC/Br 58.82 135 43.90 © x
PET/Br 49.56 112 28.20 X O
PET/P 56.68 1.62 20.20 AN AN
3.4 PESQ} PHI 7}ErAte| A o] AR Fito] A&E|QL, PVC/Br 7PAR= =d4 00
LOI Al =OHN SEEE Aol HW*EJO*E% Ui, PET/Br& =4

AgS Frkelr] et Almo stz Abalt
d 28T 7IF SolM At Alavt ASHez Aast
8 Bach 2] FHNEE (§F%)ZA A Ah Ap=
STHO. o] Zlo] 21%RTH HALE g7 FolA AxE7] ofY
CHe 212 Uehja, 28% olgfold delio] 945t Zloz
B dey 542 =lsh] 98] Lol 582 A
A, 3 Ay} Figure 70 YERQIct.

Ao 5 20171 flsiA Eact tiv]Ee Fa Aba
o] PES 7FAl= 35.1%, PEI 7FgAR= 30.7%9] 42 UEF

i, PVC/Br ARt -8 7FEAL 283} Hluwste] o& &
235 LOI ke Ueh)= 7S 15k}, o722 PESQ} PEI

St

a

L ot

7PARs GAAIE 2SR AUARIRE FAAQD BE, Qo] &
el PET l‘ﬂJ 8 TPEALEL @49 HAS UEd= A

S 2T & AT EFF PES 7ROAR: AtA W AARER
A B8E I AAYE ol of 30£7 7kAE WET # A
dHol dd delFigure 7b) & AAARE 3ES ZASEE
o LOI HAE £ &§/84F qlo] A9 JEHE & fAlske
Ag A & QUtHFigure 7c). o] ZAupE Ho} PESS}
PEI 7P8AR= HAAIS F71sHA] odare Jdido] ofe 943
S 1T 2 Q1 FARIE FUIAl 7] dizol 5730l
Trdsta, A1EEARl KJ’SE AYaL glon], dal 7P A

o
of f-8&s M8 & Q& Zeg Atedn
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0}04 2% 2 FA ogt He WY e ERlshch
PESQ} PEI 7RZAM: dflojolo]ol AlZoz 71 o= Ag
°3°] 9l9iy, PVC/Br 7hetAle] 7o 2zu}l Sato] wrAis)
1, 93] == Ao uw}o}oaq

ol

PET/Br 7= 7gn]o} Az yiglo] 9JoloLt QIS &A¢
A71A] %ft 4\—5'- 1, PET/P 7FIAb= 751 u

amqo}odr,} BIEPS
9} PEI 7}%7} g ThgabRr} @r LH 2 Al 9
8 7]

419
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X
o
L
T
o
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