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advantages
stability.

Abstract 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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% polyethylene terephthalate(PET)*®, polyvinylchloride
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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

(9

o1 3 mm =58 A}Ro}o:] SEP 7piAbe: A x5}k SEPE PES
o PEIZF ARGEIL, WWAFSE] A B Al 120°COllA] 4A17F
ol Axsto] 222 AA = FAIRI. dESHE T =5,
235 38 45 U FF &%= Figure 13} Table 20f A}A|3]
UERI It ®AE 2= PES7} 360°Cet 380°CoflA] AlSHI AL
PEl= 400°Ce} 420°CollA] BIAFSHACE. /\]ru]g] 0|52 44| ol
WA 25 25t ATste, ol &9 360°CollA YAkt PES
7PAl= PES3600]2} Y5ttt

23 =H
23.1 PESQ} PEH MS M 2M
Mool XA A 5H FARS sH15H7| Y3l Field emission

-scanning electron microscopy(FE-SEM, SU8000, Hitachi
Ltd., Japan)& ©]&sll 745, 7RdARe] I == Instr
on®-3343(Instron, USA) AFX]E 0|85} 100 No] 2E=X(Loa
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Figure 1 Schematic diagram for the preparation of PES and
PEI based artificial hair.
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Table 2. Conditions of melt spinning process

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 0.9 500-3000
PEI420 420 420 420 420 420 420 150 13 500-3000

d cell)2 At 574 701Xl 4ol 50 mm, T2AFE
AT E(cross-head speed)= 12.5 mm/min®] &£-2 =45}
et ot AlHS] F7]= 7F2 100 mmet A= 25 mme] 3.
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%EHIE ZEASHITHQH00, TA Instrument, USA). H4890] Mz
L FE-SEMO® 107l Sste] Wazie Agsigion),
th Al(1)o]l 9Jal denier(den)& AAsHITH?.

r-lﬂ: 1%

where,

d : Equivalent diameter
f: 12 for d in ym

D : Fiber denier

SG : Fiber specific gravity
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3.1 PESQ} PEI 7}2tAlo| &

AZE PESSH PEI 7hIAl 449 & ovgy 242 919 @
Z2F8 M(Thermal gravimetric analysis: TGA)S AA|SHSITH
(Figure 2a). 4179 4% 2% 2% IAAIS A7 &3d=
o= =2 4 Mol U HAa #9719 o 100°CoflA
PESE 1.3%, PEI= 0.8% &% Zh4A7F w851, 250°Cof|A]
PESE 2.2%, PEI= 1.4%9°] Z%&F ZHAB|7} UERJTHFigure
2b). 738 7PEAL AlE ARE 229 100~250°C AtojolA =
2T 447t I doluR] = g Hob, AlF ARgo] &
oF 702 oL

PES 4 PEI A&+ vUygMd, 17t

= EXN
o - O
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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 71AlC| HF Ko ME M
S5 3782 FUsh, dREE0] Wgks Fol 24 W
gt sfolstaict. UA4EE 2|4 500 m/minolA A|h 3,00
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denier oA et A4 3 B ou(Figure 3a), 38
0°CollM+= 8~62 denier &2 o {2 WA A7 7
o] Z74J=|cHFigure 3b). 53] 360°Collx HFE H/o]
SEM ©%¥ AMS EH Ha7F A9 dAsh ¥iH, 380°CollAl &=
A9 A7 Apol7t st WA 2 AT ol WAL &
7y &9 2=7F 380°CHL} 360°ColAl o HUst HAas Al
A z71091S &olst 2 gloic

J
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El TN ) )

PEI Het We BH&EAME WA wd) w2 2 Aol g
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44tt. 500 ~ 2,500 m/min Ato]ofl= WAL 578 Watof] o
& A7 Xjo|7} oF 38 Hr 7FASH= 718 SoIsh 4~ Qloich
Figure 3 ¢} d= E3J4] PEI 489 Mz 400°ColA 13~
59 denier, 420°Cof]A 13~ 101 denier H92 AE]QIC} 0]
2ot Al PESCE vt FEHS UER LD, 400°ColA

TFLE S AET 2 U £UALS Helsst,

THAXLOfE SEtAE 7|8 HAY AL H= 107
35| | @ PES360
’ ® PES380 A A
A PEI400

30+ | @ PEI420 % °
§2s K
3 “.AAA
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F st too.'

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

3.3 PESQ} PH 7J&Ale] HA|2E0| M2 ZE

Qe A AR P% B ARt HoE WA
Pl Bo2 P F/RIZIBA ARAA A oot AT
sheol magh ¥e S4sks wwolch. PESSH PEI 7huxfel
U3 =0 02 Yot AZee] WAZ =elsh] s 2
e

dre s 575t tHFigure 4). O ZAi} PES3602 1.4-2.2
g/den, PES380 1

.3-3.4 g/den, PEI4002 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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Figure 6. (a) Diameter and (b) mechanical properties of artificial hair.
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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
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Diameter Tenacity Melt Thermal
Sample LOI - .
(den) (g/den) dripping resistance

PES 61.52 1.29 35.10 © ©)

PEI 59.26 197 30.70 © ©)
PVC/Br 58.82 1.35 43.90 @) x
PET/Br 49.56 112 28.20 x @)

PET/P 56.68 1.62 20.20 A A
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