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 °F:dAge Ti0,9 712 B ZHzo] M2 thE bulk poly(ethylene terephthalate)
(PET) A8¢} filament PET A5 & A|Zsld PETE AA3 7%, 7143 42 ¢ E4
82 AAL d3sNdh Bulk ANEQ A$ JHE BY FHFe] Fvigd ukk dA SR,
AA3 £% 2 fFg HolEE 5oy §§25E WEol f1th Filament A5 9
79 melange EHE 2zt yarng A Z o, FlEEY F@go] Frishd fElAHol 2xe
A= o) 8¢, 53] A3z E zoj7l 1], o] AL vl Z thunderbolt &4
o 71¢skeE Zolodth 7 filament A|E5 7 EAFFo] F7H5tel uet Axe F7H5
9, 7+, Young’s modulus, yield point sterss 2 initial tensile load+v= 743t ol
7HM FtREd FAF mE HR{9 AHAE ZAEA

Abstract : The bulk poly(ethylene terephthalate) (PET) and the filament PET samples
filled with different amounts of carbon black and constant amounts of TiO, were prepared
in order to investigate the crystallization behavior, mechanical properties and thermal
properties of PET, For the bulk sample, as carbon black content in PET increases, crystallinity,
crystallization rate and glass transition temperature increased, whereas melting point temperature
remained constant, The filament in melange yarn with higher concentration of carbon black
showed higher glass transition temperature than those with lower concentration of carbon
black. However, there were no change in melting point temperature and particularly in
crystallinity, which might be attributed to the thunderbolt phenomenon. Increase of carbon
black content in filament also resulted in increase of elongaticn and decrease of tenacity,
apparent Young’s modulus, yield point stress and initial tensile load, Furthermore the variation
of yarn toughness with carbon black content was also investigated-
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Fig. 1. Schematic diagram of melt spinning process.
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Fig. 2. Crystallinity as a function of time for Bulk-
PET- pure( &), Bulk-PET-white(l), Bulk-
PET-0.7%([]), Bulk-PET-1.0%(®) and
Bulk-PET-2.0% carbon black((), respec-
tively.,  Crystallization temperature(Tc) :

225C.
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Table 1. Values of the Induction Time(r;), Half-
Crystallization Time(tos), Overall Crys-
tallization Kinetic Rate Constant(K) and
Avrami Index(n) Crystallized at 225C
for Bulk- PET-pure, Bulk-PET-white,
Bulk-PET-0.7%, Bulk-PET-1.0% and
Bulk-PET-2.02; Carbon Black

™ tos | K(min™)
System (min) | (min) | x102 | "
Bulk-PET- pure 16 34 0.6 39
Bulk-PET-white | 14 | 30 13 36
Bulk-PET-07% | 11 | 28 22 3.4
Bulk-PET-10% | 11 | 27 36 30
Bulk-PET-20% | 10 | 224 | 69 26
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Table 2. Values of the Glass Transition Temperature
(Tg), Melting Point (Tm), and Overall
Crystallinity Index(Xc) for Reheated
Samples of Bulk-PET -pure, Bulk-PET-
white, Bulk-PET-0.7%, Bulk-PET-1.0%,
and Bulk-PET-2.0% Carbon Black

System Tg(C) Tm(T) Xe(%)
Bulk-PET-pure | 70.0 251.2 4222
Bulk-PET-white |  75.0 252.1 435
Bulk-PET-0.7% 75.0 252.3 456
Bulk-PET-1.0% 76.0 252.6 45.7
Bulk-PET-2.0% 77.0 252.6 46.6

Polymer(Korea) Vol. 13, No. 2, February 1989



e

7HE &0l 3 PETS) $22%33t A%# 7AH4Y

%3} v}l Zo] Avrami plot2 F-E] 3 Avrami
index(n)$} Fig. 3ol T3+ half crystallization
time(tos), A3t $=47(K)5 & 558 Table
3o T e, 22 rt ol ue)
A 2R =457 Z7HsH, half crystalliza
tion time(tos)S #o}x] 11, induction time(r;)%
H4zar 9HES ¢ F Uk

Filament A|2°2| Z&ZX 3} 7HE : Carbon black
gteko] A2 v} £ Filament- PET-white 2} Filament-
PET-0.7%, Filament- PET-1.0%;, Filament- PET-
2.0%2] AR disjA DSCZ 224 280C7
A £24£% 10C / minE scanning3dle] A& DSC
thermogram curveZ % filamentA| 89| f¢

Ho| 2%, 88 2%, overall crystallinity indexZ

yl.U = = T
= ./V . -
,”I /,/ ~ ::/?;‘
08f ;o8 I
poor e
06} S
; o
3 ¢ /” Ju
0.4t e S
,( 4 ,'/
0.2t j f;/:/,/li
1] ‘i"./ n . i
2 4 6 8 10
Time (min)

Fig. 3. Crystallinity as a function of time for Bulk-
PET-1.0% at various crystallization tempe
rature; 215C(0O), 225C(@), 230TC([D),
23T ().

Table 3. Values of the Induction Time (r;), RHalf-
Crystallization Time (t,5), Overall Crys-
tallization Kinetic Rate Constant{K) and
Avrami Index(n), Crystallized at Various
Isothermal Crystallization Temperature
(1. C.T) for Bulk-PET-1.69; Carbon Black
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Table 4914 R filamentWol carbon black
FTE7F FVHESE Aol E) oA ¢
+ Aded, o] R-E cooling zoned] 4] carbon black
geFo] FAEFE 1t o we HIEL 9
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T2 ¢ 5 U
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o y7}o] bulkAlget thed Ijlste Ao
il & carbon blacke] FFol HL AR
Y& W el dol 22 g 7hAW, w2} carbon
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Table 4. Values of the Glass Transition Temperature
(Tg), Melting Point (Tm) and Overall
Crystallinity Index(Xc) for Filament Samples
Determined by DSC

7y tos K(min™)
System . R . n ‘
(min) | (min) | Xx10 System Te(T) | Tm(T) | Xc(%)
L. C. T.-215 06 | 18 115 3.05 Filament-PET-white | 65 2523 | 388
L C. T.-225 Lo | 27 36 2.98 Filament-PET-0.7% | 67 2525 | 384
I C. T.-230 12 | 38 1.8 2.74 Filament-PET-1.0% 68 2524 | 380
I C. T.-235 15 | 415 0.9 3.05 Filament- PET-2.0% 70 2524 | 368
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Fig. 5. Influence of carbon black contents on the
tenacity and elongation for PET filaments
containing carbon black (0%, 0.795, 1.0%,
2.0%), respectively : O : ST70-tenacity (g /
d) at 170% elongation, @ : tenacity (g/d)
at break, A : elongation (%) at break, [
. 2g/ d Elongation (¢;) at 2g/d load.
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Fig. 6. Variation of mechanical properties of PET
filament as a function of carbon black content
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Fig. 7. Effect of carbon black concentration on toughness
of PET filament : A : total area, ® : peak
area, O : residual area.
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