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Abstract: 4-Chlorobenzoyl (CB) group-attached multi-walled carbon nanotube (c-MWNT) was prepared via a direct
Friedel-Crafts acylation of MWNT with 4-chlorobenzoic acid (CBA) in a P,Os/poly(phosphoric acid) medium. c-MWNT
with a maximum chlorine content of 5.3 wt% (CB group content of 20.9 wt%) was obtained by controlling the amount
of CBA during the reaction. Using a self-condensation polymerization of 4-chlorobenzenethiol (CBT) to poly(phenylene
sulfide) (PPS), MWNT-g-PPS was prepared by adding c-MWNT of chlorine content of 5.3 wt% during the self-poly-
merization of CBT and removing homo PPS after polymerization in order to increase the interfacial interaction between
PPS and MWNT. Thermal and surface properties of the MWNT-g-PPS were characterized. The results showed that PPS
was formed on the surface of c-MWNT by the condensation of c-MWNT and CBT.

Keywords: multi-walled carbon nanotube (MWNT), Friedel-Crafts acylation, poly(phenylene sulfide) (PPS), 4-chlo-
robenzoic acid (CBA), 4-chlorobenzenethiol (CBT), self-condensation polymerization.
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92, PPSE B 718l 885w E7EA &xjlo)7] i
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3F31t}. N-methyl-2-pyrrolidinone(NMP)2 Aldrich A} #|3&-2-,
phosphorous pentoxide:= 4H2A} #|E-2-, PPA(83% assay)=
Junsei A} A|E-S, CBAS} CBT:= Tokyo Chemical Inc. A3
S ARSI A8 B 7JEF AlOFS B Al S ARE
stglon, BE Aok AR ol Ii= ARSIt

c-MWNTL| M=, 250 mL 37 Z&2==o] MWNT, T
Al CBA, WH&- wjdo|z} Zull?l PPA, 52 S3l] 91t
P,0s5 3 Y3 MWNTE &390z #5H7]7] 914 3
AIZE B 229 A E g &, 712 w7 E ARSs]
-2 130 °CollA 12~72A17F <t A4 71 F3lollA g
AT, MWNTSF CBAS S8 2 WA= 2718 3
7] €181 MWNT 0.4 g& ARSI HHS-2% 130 °CellA] PPA-
P,0s;, CBA &%, HFSAIZHS @elste] vhSAIZ T} ol o
vy A3 EUZ kS w2 ARS-S PPA-P,Os= AT
H&-S 4:1(ww)E ZHA AT

Table 12> & A7o|A] AF&3F CBA 2 PPA-P,Os] %437}
HESAIZRS EEfste] 92 o8] 7EA] -MWNTOl| tigh vk
Z270& veRd Aoltt 714 ®x MWNT®} CBAS] H]&
S 111752 24 & 9k wide] S 80~32001 2 3|
7IHA 72A17F ERF HESAIZ] AIE, MWNT®} CBAS] H|&
1:125% &}3L PPA-P,0s2] %S MWNTE] 2400 2 &4
WS AIZHS 12~72A17F0. 2 WSIA ] AR, PPA-P,Os9] %%
S MWNTS] 2408 £ 743832 MWNTe thsh CBAS] &
< 025~1.7580 = WHSIAI7|HA] 48A17F Bt RESAIZ] AlS

o= AUt
W & AROE 2EE UFN AAEES SRl A
AZ F, 71 A7](pore size) 450 nm®] PTFE WXzl

Table 1. Reaction Conditions to Prepare Various c-MWNTs

Weight ratio of reactants and reaction medium o
Reaction time

PPA/P205 hr
MWNT CBA /1. wiw) (hr)
80
120
1.75 160 72
240
320
12
1 24
1.25 240
48
72
0.25
0.75
240 48
1.25
1.75
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Scheme 1. Reaction scheme for the preparation of chlorobenzoyl group-attached MWNT (c-MWNT) via a direct Friedel-Crafts acylation of
MWNT with 4-chlorobenzoic acid.
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Figure 1. Chlorine content and CB-group content of c-MWNT
reacted at 130 °C for 72 hours as a function of PPA-P,Os/MWNT
ratio (weight ratio of CBA : MWNT =1 : 1.75).
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Figure 3. Chlorine content and CB-group content of c-MWNT

reacted at 130 °C for 48 hours as a function of CBA/MWNT ratio
(weight ratio of PPA-P,Os : MWNT = 1 : 240).
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Scheme 1914 = nle} 7o) CB7]7F MWNTe =9
W AR AAE 3 =YE o)E FRIsh] S8 daw
AHOZ -MWNTS] 4hAdx) ek 15 7 dadAtel
el E53 232 Figure 40 YERHITE o] &40 % &
o c-MWNTell CP17F @ 78 A8k Akadzl= 7] EA)
st} weha Gagare) akadx; gk 2A AA7F A9
w|ojof a1A| R, Figure 491X HAdAl gkl S7HE of
AR} Shgo] AAF oz FrkekR] Falal o1 57 A
o] ghtsled, CB717F = d ) - ko] A Lok
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2 S UeRl vl g MWNTZE A4l 72+e B8-S
Eee B9 dHiEhs AL gt

Figure 5= 371 715 slollx] 5783t pristine MWNT &
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Figure 4. Oxygen content obtained by EA vs. chlorine content of c-
MWNT.
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Figure 5. TGA curves of (a) pristine MWNT and (b-d) c-MWNT
with various chlorine contents (%): (b) 1.5; (c) 3.8; (d) 5.3.
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Figure 6. (A) Raman spectra of (a) pristine MWNT and (b-d) c-
MWNT with various chlorine contents; (B) Change in average val-
ues of Ip/lg according to chlorine content of c-MWNT.
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(a) (b)

Figure 7. FE-SEM images (x100000) of the surface of (a) pristine
MWNT; (b) c-MWNT (Cl 5.3%) (scale bar=100 nm).

(b)

Figure 8. HR-TEM images (x400000) of the surface of (a) pristine
MWNT; (b) c-MWNT (Cl 5.3%) (scale bar=5 nm).
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Scheme 2. Polymerization of homo PPS by a self-condensation of 4-chlorobenzenethiol.
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Figure 9. FTIR ATR spectra of (a) CBT; (b) homo PPS; (c)
MWNT-g-PPS with S content of 27.5%.
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Figure 10. TGA curves of (a) c-MWNT (Cl 5.3%); (b) homo PPS;
(c) MWNT-g-PPS (S 27.5%).
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Figure 11. DSC (A) heating; (B) cooling thermograms of (a) homo
PPS and (b) MWNT-g-PPS (S 27.5%).
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Figure 12. FE-SEM images (x30000) of the side surface of (a)
homo PPS; (b) MWNT-g-PPS as-polymerized; (c) MWNT-g-PPS
washed with 1-chloronaphthalene at room temperature; (d) washed
at 200 °C (scale bar=100 nm).
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Figure 13. HR-TEM images (x400000) of c-MWNT (Cl 5.3%); (b)
MWNT-g-PPS (S 27.5%).
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