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2 ©f: Dimethylterephthalate (DMT), dimethylisophthalate (DMI) 12]31 sebacic acid (SA)
$} 1,4-butanediol (BD)2] dlxsl23hitg £ F&Ewgez 4 F7el copolyester 4418
§143812lt}. Brabender PlasticorderollA] 7}28dln}l g8 4§39 copolyester AR E 1
1.39] ZAuz Edsld al2guE Axsigu. B3 4EAEVIE AESId poly-
(ethyleneterephthalate) (PET) o] A Z& vl~e{yix g 247 3wty FF3ls 34 ARL=E
A28 ol 52 714 H BAHL ZAEITh B Aol ALgg £ & olaE U] A2 279
A G887} dojuA] e42& GPC 2H SN A FF/el 244 oA PBTIZ 883
=9} shear sensitivity7} 7} £& A2 Ueldd ol & ol§sle UE spiEHR e} P
o] FHREE BAE, 71AIF BAo] 71 48 Aoz Jeiytl F, TEA AU B
W7o §ato] & FE FHEEHY #ixs HALEY 7AR 240l Z7signt

ABSTRACT: Three kinds of copolyesters. dispersing agents, were synthesized from the
polycondensation reaction of dimethylterephthalate (DMT), dimethylisophthalate (DMI), se-
bacic acid (SA), and 1,4-butanediol (BD). Carbon black masterbatches were prepared by mix-
ing carbon black into the dispersing agents (1 : 1.3 weight ratio) in a Brabender Plasticorder
Using single screw extruder, masterbatches were compounded with poly(ethylene terephthal-
ate) in 3 wt% concentration and mechanical properties of the compounds were investigated.
Gel permeation chromatography data implied that thermal degradation of polymeric dispers-
ing agents was not significant through dispersion. Capillary rheometer test showed that PBTI
has the highest viscosity and shear sensitivity among the three dispersing agents. Volume
resistivities of masterbatch and transmission electron micrographs showed that dispersity of
carbon black was improved with increasing melt viscosity of dispersing agent. The ultimate
performance and mechanical characteristics of carbon black filled PET compounds depended
directly on dispersion quality of the carbon black in masterbatch. Mechanical properties of
compounds were improved with increasing dispersity of carbon black and with increasing con-
tent of rigid aromatic group in the copolyester dispersing agent.

Keywords: carbon black, masterbatch, PET, dispersing agent, copolyester.
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Table 1. Thermal Properties of PET, PBTS,
PBTIS, and PBTI

sample code T,{TC) T,(C)
PET 795 2523
PBTS -38.2 1114
PBTIS -4.0 108.1
PBTI 26.8 -¢
9 Not detected.

it B AL (F)HI)|9A furnace process
2 2% 92} 27 (particle diameter) 20 nm, S
4 %43 (dibutylphthalate  absorption) 120 cc/
100 g, 3% (volatile content) 15%, 2y7] ¥
% (apparent density) 350 kg/m3¢! HI-BLACK
40B1& Atg-stdct

B2 £, £ A ARE BAAEe] 3
e 2Hgly] ¢dld Waters GPC (gel permea-
tion chromatography)& Al&-3slgc). T3 2Aaky
Eo] deHAL FASH] 98l Minimolder (Bau
Technology) & AMH-3} rotor speed 70 rpm, A&l
o &% 140 CoAlAH FAAESE 2847 & o549
& Aol mE Exi dslE AR Exle &
Al column &% 150 CAA o540 2 o-chloro-
phenol& A28} o1 polystyrene standard @A
d3skdrt

HAMHES =AL Rosand advanced capillary rhe-
ometer& o] &3t FAE] AAEE 2ABIY
th FP s FHEEYS BN o BOAHES
&4 120 C2 YT Age] Wald mE A
@432 (shear stress)? £-§3% (melt viscosity)
9] ¥slE ZAbE T

OfAE{HEX| H|Z=. Brabender Plasticorder
(PLE331)Z o] &3l rotor speed 50 rpmoA] 7}
2Ean EAE 1:1.39 ZAMZ EAAA nt
2EYAE R 23Hc} #AAE 120 CAA 387
28417 ¥ rotorg& FAAI7|5L chuted] 7}EEH
€ A& ug chuted] ramg 7|91 ram &
3kg 31522 713l head 9N 334 Wzrlz
F2AN7IHA rotorE ThA] HAFAIFTH BAAZHES
rotor§ T B A7 = o5 EH 2Psgen 2
z} 4, 10, 20, 4084 EAXFc} Brabendero] A
EAte] Mal gl wte} mixing torquert Q& Ho g
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7}1&5l32 Brabender chambere] #@ 3 head £&
o] 2 E 1E Hoz J1E3dd.

HEMIINE &Y. vlae¥A]oA FHEEYe] £
Azg Brsby] 9s stxEdX e AAHA7|A G
(volume resistivity) & F3sdth A HHA G
242 9% MEL Minimolder& o] $-3lo G
2% 190 ‘ColA rotorE 3| AAF|A] g1 28 T
AR 8 £§417 F Ax3Y ASTM D991
of oz AWML Tt
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Qe vfAEYRE 3wt% 4 & &9 ade
Tt &8-EASATE kEA ¥27] breakerd)
60 mesh 238& Alg3lgon] feeding zoned
200 C, melting zone2 260 ‘C, compression zone
& 260 C, diex 230 Col 222 77 dAsdn
2357 ALEEE £9 17032 ¥k ¢2719
489 oA 8gEdE Aaess dol(die)E
AURA AEURE (strand) 3} H2 2oz Yz 5
Z £02 Eo7I $iL (solidify)® ¥ &l (pel-
let) ez sl

AEAIES] HE. §8E&-F 9] Ax¥ PET
Aoz 71AA BAE FH3 Y8l AlEAY
718 AMg-sle] F3 AlHE AFzsldo). PETS} o}
2R E Y% $E7|dA E4Eds A2E W
2 Aele] P g AXIGA 120 C EFoz
6117t o]} Azxe & ABANYIE Algso B4
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7N B4 £F. Avlg=g AlEsl s A
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£33 tl Instron (model No. 4202)& A}&3ld
ASTM D638¢] Woz AAZE, NEe FALE
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Table 2. Molecular Weight Change of Dispersing
Agent, PBTS, PBTIS, and PBTI, as a Function of
Melting Time

sample meltmg time M, M, M,
(min)
0 36329 62545 90561
PBTS 20 32662 63428 95902
40 22772 58747 93597
0 28626 61961 98131
PBTIS 20 28622 62224 99068
40 28747 62417 100307
0 30720 64190 101568
PBTI 20 31008 65628 103941
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Figure 1. Viscometric data for PBTS, PBTIS, and
PBTI at 120 C.
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Figure 3. Brabender plastogram as a function of
shearing time in preparing PBTS/carbon black
masterbatch at rotor speed of 50 rpm.
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Figure 4. Brabender plastogram as a function of
shearing time in preparing PBTIS/carbon black
masterbatch at rotor speed of 50 rpm.
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Figure 5. Brabender plastogram as a function of
shearing time in preparing PBTI/carbon black
masterbatch at rotor speed of 50 rpm.
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Figure 6. Temperature change of Brabender with
respect to shearing time in preparing masterbatch.
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function of carbon black mixing time.
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Figure 8. Transmission electron micrographs of microtomed section of injection molded PET compound with
3wt% masterbatch sheared for 20 min: (a) compound with PBTS masterbatch; (b) compound with PBTIS
masterbatch; (c) compound with PBTI masterbatch (Left x 10000; Right x 5000).
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Figure 9. Transmission electron micrographs of microtomed section of injection molded PET compound with
3wt% masterbatch sheared for 40 min: (a) compound with PBTS masterbatch; (b) compound with PBTIS
masterbatch; (c) compound with PBTI masterbatch (Left x 10000; Right x 5000).
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Table 3. Tensile Strength and Elongation of Com-
pound (Masterbatch: PET=3:97 wt% ) as Dispers-
ing Agent and Masterbatch Preparing Time

e tensile strength elongation
mixing time (kg/cm?) (%)
(min)  ~BETq PETIS PBTI PBTS PBTIS PBTI
4 606 648 740 58 48 55
10 638 704 760 63 56 61
20 646 713 753 57 57 59
40 642 717 757 59 60 65

Table 4. Flexural Strength and Modulus of Com-
pound (Masterbatch: PET=3:97 wt% ) as Dispers-
ing Agent and Masterbatch Preparing Time

flexural strength flexural modulus

mixing time

(min) (kg/cm?) (kg/cm?)
PBTS PBTIS PBTI PBTS PBTIS PBTI
4 998 1075 108 290 311 319
10 1007 1096 1111 300 315 323
20 1052 1104 1119 307 324 333
30 1020 1110 1094 309 329 324
Table 5. Impact Strength of Compound

(Masterbatch: PET=3:97 wt%) with Respect to
Dispersing Agent and Masterbatch Preparing
Time

impact strength (kg-cm/cm)
PBTS PBTIS PBTI

mixing time (min)

4 2.1 25 2.6
10 2.0 2.7 2.7
20 2.2 2.7 2.4
40 23 2.7 2.9
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