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Abstract: The composites of poly(butylene terephthalate) (PBT) and multi-walled carbon nanotubes (MWCNTSs) func-
tionalized with carboxylic acid, acyl chloride and ethyl amine were prepared and their properties were characterized. The
interfacial adhesion energies between PBT and functionalized MWCNTs were estimated with a drop-on-fiber method
combined with a generalized droplet shape analysis method. The interfacial adhesion energies between PBT and func-
tionalized MWCNTs were higher than that between PBT and pristine MWCNT. Among the functionalized MWCNTs,
MWCNT containing ethyl amine exhibited the highest interfacial adhesion energy with PBT. When dispersion of
MWCNTs in the PBT matrix was examined, composites having high interfacial adhesion energy exhibited better dis-
persion. PBT composite containing MWCNT functionalized with ethyl amine also exhibited greater adhesion at the inter-
face and reinforcement than that containing pristine MWCNT.

Keywords: poly(butylene terephthalate), multi-walled carbon nanotubes, functionalization, composite, interfacial adhesion.
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Scheme 1. Synthetic route for the preparation of the functionalized MWCNTs.
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Table 1. Atomic Compositions of Pristine MWCNT and the
Functionalized MWCNTs (mol%)

Cls Ols CI2p Nls
pristine MWCNT 94.9 5.1 - -
MWCNT-COOH 84.4 15.6 - -

MWCNT-COCI 85.1 11.7 3.2 -
MWCNT-NH, 84.8 12.8 - 24
T T 1T 1T 17T 17 1T 1, 7T T 1T 17 1T 17 T 1T T T 1T T T T T
—————— MWCHT
- —_—— MWCNT-COOH I
- Cils | ————- MWCNT-COCI _
I N | MWCNT-NH, _
- O1s n
- k/\’ = —
I M i |
g0 { -
E - _,Jn\ ST T T e T . -
— AU -
I N {
- R i S SN L
L Cl2p JLomTmeT

N1s

SN N Y S S S I I S I |
200 200 400 00

) I N A

3

B inding Energy (eV)

Figure 1. XPS wide scan spectra of pristine MWCNT and the func-
tionalized MWCNTs.
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EpdT)
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MWCNT 22 #57171 A3 MWCNTZR] Al 42 o
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fiberoll FE =§o] A7} ulg- o} =] F=F A=
A 4= 908 W AR&-=t}. Figure 39 YERH 23} 72o]
MWCNT 3] A Feje] PBT =S I8 5 ©]
£ vt =37 e 249 (generalized droplet shape analysis
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°CollA 1A7F DA ste] MWCONT %ol =38 471
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Figure 2. XPS scan spectra of MWCNT: (a) Cls curve fitting for pristine MWCNT; (b) Cls curve fitting for MWCNT-COOH; (c) CI2p curve
fitting for MWCNT-COCI; (d) Nls curve fitting for MWCNT-NH,.

W5717F AE MWCNTS} PBTZH] HZ7F 99X Figure
302 HE] 2 W oz ALkt ALt PBT/MWCNT-
COOH, PBT/MWCNT-COCl, PBT/MWCNT-NH,] AH &
Z7+e 7}z} 255°, 342°, 16.1°%9th o] ZA3= PBT9
MWCNTZH] A {2 oy =] 7F 98 - MWCNT<
MWCNT-COCI<MWCNT-COOH<MWCNT-NH, 0.2 =
71ehS YERL) o] AxlE MWONTY #5718 =93 Ee
2Z4] PBTR] AW HZo] 3PS vepdnt. 3 AH
HEEE MWONTO =€ 7H5A o S 2e)o|&, of
9l wed7]e} PBT WHE ©h9ol] ke o ~Ef7]7ke] 4 4
ol 7108 Aoz AlFE

PBT/MWCNT =&t SM. PBT9} MWCNTZH] AW &
o] St Bt ol MWCNTS] Eakdat 71413 &
2 B3-S 71tHE 4= Qlt). Figure 4ol &0 AAEo s
Az 9kg- 2 MWCNTS} 35717 E3¥ MWCNTE |
Figure 3. FE-SEM images of PBT droplets on (a) pristine wt% E$F PBT &34 289 25 e} vke- A

MWCNT; (b) MWCNT-COOH; (¢) MWCNT-COCI; (d) MWCNT-  MWCNTZ %843t 23k oA= MWCONTZR] A% 2890
NH,. oJ&l] FAFH MWCNTS] 3347 2=t vhdel, a5

717} =94 MWCNT £33 9ol =4e #5719} PBT
(1) ol&at] AL PBTOF W3- 1 MWCNTZF] A A Se] A 2l 2l Ag-82de] FdEel MWCNT?] 24Hd
2k oA & 80.3 mI/m*| ATk o] S AA 4 AAUTE MWCNT] F4Hd 9A] wke-
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Figure 4. Images of PBT composite films prepared by solvent cast-
ing: (a) PBT/pristine MWCNT; (b) PBT/MWCNT-COOH; (c) PBT/
MWCNT-COCI; (d) PBT/MWCNT-NH, composites.
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Figure 5. Changes in the tensile strength of the PBT/pristine
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NH, 02 371815t o] A#h= PBT?F MWCNTZH] 7]
o] FFER ol et B AAe FEe o
e},
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EA A MWCNT gl whe e Hstks e
Ak 7disks A o] =T MWCNTS] g 57t
o wlel F7Ietth. 4 HFe] MWONTS 23 53]
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Al vlg) =2 =S UEhisich B S5

Figure 6. Cross sectional morphologies of (a) PBT/pristine
MWCNTs; (b) PBT/pristine MWCNTs (at high magnification); (c)
PBT/MWCNT-NH,; (d) PBT/MWCNT-NH, (at high magnification)
composites.
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