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ABSTRACT : Effect of lubricants on the rheological and thermal properties of poly(butylene terephthalate)
[PBT] were investigated. Calcium stearate and adipic acid glycol polyester (AAGP) were used as processing
lubricants for PBT. Decrease of melt viscosity was accomplished by the addition of 1 wt% of lubricants. It was
understood that melt viscosity was affected by the enhancement of chain mobility of PBT with AAGP as an
internal lubricant as well as the lubricity on processing equipment developed by calcium stearate as an external
lubricant. Lubricants also influenced chain scission of PBT which caused the viscosity drop as well. In addition,
lubricants resulted in the lowering of thermal stability, however, this might be minimized by adding less than 3
wt% of calcium stearate as a lubricant. As a consequence, calcium stearate as an external lubricant is more
effective to control the melt viscosity of PBT with minimizing of chain scission and thermal instability in PBT.

Keywords : poly(butylene terephthalate), calcium stearate, adipic acid glycol polyester, lubricants, rheological
property, thermal stability.
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Scheme 1. Chemical structure of lubricants used in this study : (a)
CaST and (b) AAGP.
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Figure 1. Rheological properties of PBT at 270 C : (a) with
CaST and (b) with AAGP.
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Table 1. Flow Activation Energy of PBT and PBT
with Lubricants (3 wt%)

Shear rate (sec”) Sample 50 500 1800
PBT 11.29 11.72 7.23

PBT with CaST 421 5.69 4.07
PBT with AAGP 5.64 6.87 5.44
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Figure 2. Intrinsic viscosity of PBT with lubricants after
heating at 270 C for 30 min.
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Figure 3. Thermal properties of PBT with lubricants : (a)
melting temperature and (b) melting enthalpy.
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Figure 4. Dynamic thermal stability of PBT : (a) with CaST
and (b) with AAGP.
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Figure 5. Isothermal thermal stability of PBT with lubricants
at270 C : (a) with CaST and (b) with AAGP.

4 9lt} CaSTS} AAGP 25 100% GE3 2% A9
5 wt% 715 PBT7) 13 3 wit% 715 PBT Rt} t}
2 522 94 5 Yk o= CaSTol| dHrEo] e Caol
% el 9EE Y PBT 23l Al = 3020
T&A o EAP Ca o]22}e] Aol of3le] AT
T2E 7He 71Q1%l Ao s 753 4 i) Figure 5
o 270 C T2olA AFHAE Hepis 52 TGA &
HAEZS Yeplglch 1A B vle} 3Fo] CaSTE]
A5 3 wi% "RRe] ATt A= a2 Ael o3 4 A
Ao M3l gle vk 5wt A7kEE A 4 ek
Aol oS & = Ut} olel= EE] AAGPY] A%

A H7lel 2F PBTY &4 W3l 243



244 Kimetal.

1 wt%2] Z7}ell <3t} PBT] debgAde] J3kS
= & F Utk o] Figure 20049 &2A17) EA=F
o Ulilb 3k} kel Avjo|th CaSTE AAGPE.
Za7r a9 wepA @ HgA Al AAGP

(e}

AN—

o
Mo
N
oﬁ r

el
o} v Flo g 53 4= gl kANt Figure 5904
Zro] CaST7} AAGPET} 4 kA o] 93+

2 = QU o] CaSTel| 3t o] & CaZt 55
Rz Ae) GBS o, met] BAF grolE B
i ‘2—5_‘3 Pd7de]l AAGPET S-siidlE & 5 Slrh
o Ashe wo} PBTS] HEE vl Qs

o 2k —5‘:4‘%‘: Hag FHaspsla, A6l 4 A
A1) $134= PBTS] &&A =4 CaSTE 1 wt% ©

SEE AREEre] 7HE AR & 5 sl

F”x-f
==

o

_—

& d7olA= PBTE 7k 54 = $1%
AL A 07 CaST2 AAGPE PBTol| &34
st A= WHalel 944 54 W3l 12y 4 <k
55 A Eol v 22 AES de F Ytk

1) PBT®]| CaST2} AAGPE A2 1 wt% 73 7
T+ &=A H}PJr 2ol o5 F8A7} PBTE] FAKE w4
‘é’ 7t 2 7k 717] EHde] 84 SoHE 295t
o &% @Eﬂ AASH adE & = ATk

2) A A7l o3k -5 A3} AL Tas
Hol CaST7} AAGPe|| B3l a3} KR 8§ HAEE
A% = = Zew F]lEe] PBTY AR o F-
+&8A7} 2ot 4AsE gl

3) CaST$} AAGPE PBTY| &3A|2 I=F ARE3l= H

AEE A7) Al disE S48k 2t

[e]
o
o] 717} Aol o 5 glglom, o} PBT @

2 ox, Ml
o a0 bt
(RN

LR 9TE CI9E ¢ P sl G A
U #8A3) AAGP7F S §2A19) CaST 2} A
B o nel Avel= ALslol) AL BT
FRAE CaST/L AATE & 4 dgleh

Polymer (Korea), Vol. 28, No. 3, 2004

4) W #2AR AAGPE 718l 25 PBTS] 88
L7} Fashs Ao® Hol AAGPE PBT] 243}
7l gL RS & 5 ik

A 21 o] AL 21C ZEH ] YL B A
At 243 AFe] Ao ® A= glen o]df 2+
e =y
References

1. J. A. Brydson, “Plastics Materials”, Butterworth Heinemann,
London (1989).

2. A. Misra and S. N. Grag, J. Polym. Sci. Polym. Lett. Ed., 20,
121 (1982).

3. S. N. Grag and A. Misra, Macromol. Chem. Rapid. Comm., 2,
241 (1981).

4. D. G. Kim, S. Y. Park, and C. R. Park, Polymer(Korea), 24,
16 (2000).

5. D. G. Kim, S. Y. Park, and C. R. Park, Polymer(Korea), 24,
58 (2000).

6. J. H. Chang, S. M. Lee, N. J. Park, B. W. Jo, and M. S. Bang,
Polymer(Korea), 18, 966 (1994).

7. J. Lee, S. Park, S. Park, and D. Back, U.S. Patent 6,270,851
(2001).

8. K. Lee, J. Lee, and H. Chung, Korean Patent 0343518
(2002).

9. J. Edenbaum, “Plastic Additives and Modifiers Handbook”,
Chapter 55, Chapman & Hall, New York (1992).

10. E. B. Rabinovitch, E. Lacatus, and J. W. Summer, J. Vinyl.
Technol., 6, 98 (1984).

11. J. D. Bower, J. Vinyl. Technol., 8, 179 (1986).

12 R.L.Ray, U.S. Patent 3,248,351 (1966).

13. E. A. Collins and A. P, Metzger, Polym. Eng. Sci., 10, 2
(1970).

14. H. F. Mark, N. M. Bikailes, C, G, Overberger, and G Menges,
“Encyclopedia of Polymer Science and Engineering”, Vol 4,
577, John Wiley & Sons, New York (1986).

15. M. Okamoto and T. Inoue, Polymer, 36, 14 (1995).

Z2|H, A28¥ A3E, 2004



