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Abstract — In this study, CNT functionalized with pyrrolidine ring via 1,3-dipolar cycloaddition reaction with various
amino acid and aldehyde was synthesized. Metallocene was subsequently immobilized on the functionalized CNT and
CNT/polyethylene composite was prepared via in-situ ethylene polymerization. The polymerization activities of metal-
locene supported on CNT functionalized with glycine and benzaldehyde (Gly+BA-CNT) were similar to those of metal-
locene supported on CNT functionalized with N-benzyloxycarbonylglycine and paratormaldehyde (Z-Gly+PFA-CNT)
although its Zr content was lower than that of Z-Gly+PFA-CNT. In the case of metallocene supported on Z-Gly+PFA-
CNT, the even distribution of active sites hindered the diffusion of ethylene monomer and cocatalyst MAO due to steric
hindrance during ethylene polymerization. Compared to polyethylene produced from homogeneous metallocene cata-
lysts, CNT/PE composites had a higher initial degradation temperature (T,,,,,) and maximum mass loss temperature
(T,,.)- It suggests that pyrrolidine functionalized CNT is uniformly dispersed and strongly interacted with the PE
matrix, enhancing the thermal stability of PE.

Key words: Multi-walled carbon nanotube, 1,3-Dipolar cycloaddition, Surface functionalization, Metallocene, Ethylene
polymerization
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EFA~L} 35 B (carbon nanotube, CNT)= ZFAITh 394 Al 24 2
Apat, oA A% A, 1715 JEA 52 vheFsk okellA &
B3 Q1] 8 7 1A, 714 BE TP Rt R
Akel BRHAIE FA T A 71E] aRARTE 958 24
yERdTH2]. T2y ghavbieR e Afo] o] st v 2 kA 3 (van
der waals force) 0.2 3t HI& = I A FE Yeh 7] wZell
A Gafjel]l LEA FARZ]7] o Hut whEbA] BAMEE A
st7] 98l ' RHe] WS 38 0 ' 75 sAlT] e At
213 a1 QITH3-5].

ket 318H4 7]58k WY 5 skl 1,3-dipolar cycloaddition
3-8 &3l 'Aavbe el XWHS 753} 3 49 el =2 11
g2 E s 7w, theksl 572 obr]iztHamino acid)$F €|
8] = (aldehyde)®] 5% W3- &3l pyrrolidine ringell ThaFsh |3k
718 E83217 = ltt. Fig. 13} o] opu| by} g|s| B &3
S-S 53 in-situ® o} E Y 2}o] = (azomethine ylide)E A3/
st} ofzmlEl efo| S sk W3S T & S0l 'ha
B O nsystemell B34 0 F A3el| ol ghAu:
FH Fe W2 ¥ pyrrolidine rings TUAIA = SlEH6,7].
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(carbon nanofiber, CNF)E- 1,3-dipolar cycloaddition ¥+-5-& &3l 3}
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2-1. A2t

Multi-walled carbon nanotube (MWCNT, =& 49-5-318H= 530 °Co]]
A 3083 A S Fell FAE BAaE A 5 ARSIt
¥ 715 skl ARE-H o] =4t 3151221 N-benzyloxycarbonylglycine
(Z-Gly, Aldrich, 99%), =2]4l(glycine, Gly, Aldrich, 99%)2} &3] =
319 F 252 Hl8] = (paraformaldehyde, PFA, Aldrich, 99%),
Wl %01 E)|3) = (benzaldehyde, BA, Aldrich, 99%)= H2] 2]2] glo] &
2710l ARSI Sl 25 Y E] - Folwlo] = (dimethyl-
formamide, DMF, Aldrich, 99%)E AH&-3H3ith. w22 Al FwjQl
bis(n-butylcyclopentadienyl) zirconium dichloride ((n-BuCp),ZrCl,,
Aldrich) 9} &F w2 AHE-9 W &-5F1] =52k (methylaluminoxane,
MAO, albemarle)i= A §lo] AHE-3FSIT). e @ (SK energy, Korea
99.95%)¥} A A~(AIR PRODUCTS, Korea, 99.999%)+= Fisher A}-2]
REDOX AbAx A A#} SA/13X BARA & A A 27 Ak
s AAT 5 ARSI Gl = 22o]= EF<(.T Baker)s}
EAHJ.T Bakery> YEF w57 Hlzslle=g Yol A 9171004
S A 5 ARESISITE
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2-2-1. S A=Y s| =5 o] &5 32 71553}

A 4 B-9]7] 8lol| calcined CNT 1.5 g&F 22)41(Gly) 2 g, 1.4 mL2)
A=A 3| EBAYE S5ty Sl HHEEEo = 50 mLE
Q51T HE2-2 150 °ColA] 75417 E9F 35 A7 B ukSAlA
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Fig. 1. Schematic illustration of (a) generation of azomethine ylide and (b) 1,3-dipolar cycloaddition of azomethine ylide.
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AIE 13] AlE 5l sk, 70 °)CollA 12413 o) x5t
o] ¥l 75318 Gly+BA-CNTS @483t

2-2-2. N-Benzyloxycarbonylglycine®} 32} 5 L3 =& o] &
3 3 V)53t

N-Benzyloxycarbonylglycine (Z-Gly)¥} 3}2}3 52 H| 5] =(PFA)S
o] &gt ¥ 75 sh= treEFo| =8 Gl & ARg-shs
ARESHA] o= P O = TTs ks Sl Bl E AR P o w =
A2 897 3] calcined CNT 1.5 g€ Z-Gly 2 g, PFA 144 g&
Z8F1L DMF 50 mLE 48kt #Eg-2 150 °CellA] 48, 72, 96
AIRE ERE 3t AR T HESAIFATE RESo] TR XW 7]53
et FEE wgkE: 38], oA E 18] AlF F 94 welsiia
70°ColA 12413 o|AF AZ3] B 7153)1E Z-Gly+PFA-CNTS
A &1 ok WH-S-A] 7ol whe} Z-Gly+PFA-CNT(48), Z-Gly+PFA-
CNT(72), Z-Gly+PFA-CNT(96)% "3 3+3ith. 18] 3 Suf = A&
SHA] b= W o2 A4 917] 3hell calcined CNT 1.5 g2}
Z-Gly 2 g, PFA 1.44 g& 33151t W62 180 °CollA 30413 &
QF 3HF Al $- 9Eg-ahe] X1 H QU Whgo] FREHW 1¥ 7)s
shel g T HE viRhE: 33, opAlE 13] Al & 4] EeElet
A1, 70 °CollA 12417} o) 123510 Z-Gly+PFA-CNT(No)YE &
d3ksict.

2-3. ZOHEX|

A2 #9171 stoll 9 71558 ONT 1 goll 50 mL E571S F
Aste] FAMAZT $- 0.35 mmol®] (n-BuCp),ZrCl, 712} 8 mmol<]
MAOS| E-81 FIaIIc, 142 70°ColA] A7 2 et
Al mikshe R E ek h-go] TR EH SRR 53] AF F
40 °CelA 1A7F ERE 213 xate] W 75 8he 't FEe
gl e SE s,

2-4. &R =g

280 mL @4k} 2 mmole] 31l MAOE 500 mL f-2|HH-§-7| 2
ot F FHEEE 70°CE F7HFTE 200 mge] HA] FulE 5 mL
Ak A SelE] FEE FUE AT S5 w70l od @l 7k
25 FYste] Zehe 5wk} 3] AR QA RS ) ob e
1 bar® A& 01 1413 B2k Wit 3ol FrE A
e RS Ay oJste] ke g AlA B 3 Xy 1F 3
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2-5. 54 &M

CHN 9¥4F2(EA, Thermo scientific, FLASH EA 2000)% %'
753k 'R e o] A 3HS 5798191tk Xoray Photoelectron
Spectroscopy (XPS, Multi Lab, ESCA 2000)% &3l g4 FH
xHe] 29 7les 9 WEgzA S gxE Flsely, gAE
o] A 2553} 9] gHd- Inductively Coupled Plasma
spectroscopy (ICP, Perkin Elmer, otima 200DV)E 53l S743}3It}.
Micromeritics®] ASAP 24205 F3ll 7|-58e gt Ry} g
240 A S| 3RS 2319l). £7851] el &S 150 °Cell
A 12717 F3E %15 BtollA] outgassing= 3153121, BET (Brunauer-
Emmett-Teller)?] 0% A A& AXSIITE 124k 5545 5
817] 913l Differential Scanning Calorimetry (DSC, TA 2010)%
2320l A4 10 °C/min &4 E = 160 °C7HA] 4522tk 3 A A
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]38l Thermogravimetric analysis (TGA, TA instrument, SDT 2960)%
o510 2204 600 °C7FA] 10°C/min®] &= 2 52417 MWCNT/
polyethylene®] -3l WAl =5(T,, )9 Hl F 24 25T, )5
=7238+99 Tk MWCNT/polyethylene Y 384 A+ E4-2 Field
Emission Scanning Electron Microscope (FE-SEM, TESCAN, MIRA
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3. du} ¥ nE

(o}

Aol A= ohu| e Aky) AHIS| = 9] 1,3-dipolar 123871 HE-E
< &3l pyrrolidine 8|7} 7158k ®AVEREE Y53l
%1 7153 del g e = FEMWCONT) W 38 £
Fe] ’AE AA] S8l a2elx 238kt Fig. 201 329 7]
5 8hE Bhahie FH o) XpS AA A EGS eI of) i
Ak )= slhE e FF U MRS WA B4 753t
H BB HL] XPS C 1s A EYS Fig. 300 FERSITE. Fig.
39 (by~(H2] ~FNEZH ] 739 Fig. 39] (a)ell YFER calcined CNT
o] AAEF T} G 286~290 eV oA broadst ¥ A7} vERY
=4 o]i= 284.8 eVollA] C-C/C-H peak, 286.2 eVol|A1+= C-O peak
9} C-N peak?} YER7] w0 th[10,11]. =3 pyrrolidine 12 o
Al 71R18F C-N A g18H7] 918l N 1s A ERS S350
Fig. 4°1| VFERHISITY. Fig. 404 Ha= 317} 320] 400.2~400.7 eV F-2o]]
A eavie T E ) 753k 11213 pyrrolidine S E )15 N
1s SAF A7} e 28 2 4 Sk Fig. 590 calcined CNTS}
9 7l53ste g4 {2l Gly+BA-CNTS} Z-Gly+ PFA-
CNT(72)¢] TGA HAEE YRSt Calcined CNT= 200 °C ©]<1
oA H08 CO,8] AIAR Q13 1.6 wi%2] A& 7HaE A|9]s}
31600 °C7HA] AA| A A4S Ho|x] glo} AF o7 g3t
S RIS 31 7158k AL FE T vl 2 200 °C
oA H09 €O AIAZ Q& A& 7has & 4 ok =3
200 °C o] dollX & A 1145 & 5 9=l Gly+BA-CNTS] 739
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Fig. 2. XPS spectra of (a) calcined CNT, (b) Gly+BA-CNT, (¢) Z-
Gly+PFA-CNT(48), (d) Z-Gly+PFA-CNT(72), (e) Z-Gly+PFA-
CNT(96) and (f) Z-Gly+PFA-CNT(No).
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Fig. 3. XPS C 1s spectra of (a) calcined CNT, (b) Gly+BA-CNT, (c) Z-Gly+PFA-CNT(48), (d) Z-Gly+PFA-CNT(72), (e) Z-Gly+PFA-CNT(96)
and (f) Z-Gly+PFA-CNT(No).

400.4 eV N1s
(e)
400.4 eV
@
3
s
g 400.4 eV
B (c)
2
[ 400.7 eV
o
£ (b)
(a)
400.2 eV
x3
410 408 406 404 402 400 398 396 394

Binding energy (eV)

Fig. 4. XPS N Is spectra of (a) Gly+BA-CNT, (b) Z-Gly+PFA-CNT(48),
(¢) Z-Gly+PFA-CNT(72), (d) Z-Gly+PFA-CNT(96) and (e)
Z-Gly+PFA-CNT(No).
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Fig. 5. TGA curves of (a) calcined CNT, (b) Gly+BA-CNT and (c)

Z-Gly+PFA-CNT(72).
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Table 1. BET analysis and Zr and N contents of metallocene supported on functionalized CNT

Catalysts BET surface area (m”/g) N content (mmol/g-cat)  Zr content (umol/g-cat) Al content (mmol/g-cat)
Pristine CNT 250
Calcined CNT 280
Gly+BA-CNT 245 0.4
Gly+BA-CNT/(n-BuCp),ZrCl, 219 ' 50.4 2.9
Z-Gly+PFA-CNT(48)/(n-BuCp),ZrCl, -2 1.9 178.7 2.2
Z-Gly+PFA-CNT(72) 177 21
Z-Gly+PFA-CNT(72)/(n-BuCp),ZrCl, 171 ' 163.3 2.7
Z-Gly+PFA-CNT(96)/(n-BuCp),ZrCl, -2 1.6 138.1 2.7
Z-Gly+PFA-CNT(No)/(n-BuCp),ZrCl, -2 2.5 118.4 2.8
“Not determined.
ok 2.9 wi% = 723k Bk Z-Gly+PFA-CNT(72)2] 3¢ ok 124 Nz A o] A o] 575 PR E A 2Ty g ek
W% A 7Has Fo] ZATh o= Table 19] 4 4] Ao} o] Z- A& = 7 Ut 755 AR FStAIA A€ Z-Gly+PFA-CNTO]|
Gly+PFA-CNT(72)2] A4 ke 2.1 mmol/g-cat® & Gly+BA- A9 En) o) A 2 T TS 138.1~178.7 umol/g-cat® S H 1,
CNT2] A2 3H0.4 mmol/g-cat)=.C} o 2=7] wjFo|c}. DMF 41& ARE314] 92 Z-Gly+PFA-CNT(No)oll B4|% X251
T3t Z-Gly9} PFAR 758k atbieifre] 49 A ke T TS 7P =8 A Feol| = 76k 118.4 pmol/g-catE OF
1.6~2.1 mmol/g-cat®] 97 S = 3 0 whg Agko] 72413t A S S RIS o]= B 2] pyrrolidine 1127k
Frel 753t o] vlgE Al 350 MAOZF E4E w gHileh=

w 7 3=okom, Wk A7) 72413 Ktk Sotshd 2352 /)%
sl A ghego] FhAshs 1S & 7 Stk Z-Gly9) PFAR 71538}
Al £lQl DMFE ARE-8HA 942 7% 2.5 mmol/g-cat® 7Hg 35
A s HRIth o)i= DMF &4l 5 ARE-aHA] b2 7-9-ofl= 1t
&% W WeEe w7 wito s A7)

Table 1] 31 7]53He ©@4ube 78 9] BET 41475 vet
W31}, Pristine CNT2] E4& 250 m%go]™ GAg] 5 gharfe
Fre] e 280 mYgE SISkt ol dAE] Y-S Fl
CNT 3119 74 ehaso] AlAR] wiel 3 %jo] S718k 210w
Azbdei12]. T3k 329 7153k Gly+tBA-CNTS} Z-Gly+PFA-
CNT(72)2] A2 717} 245 m¥g, 177 m¥gQ 2 A5t} 7-
Gly+PFA-CNT(72)] 73-9- 321 2}0] 280014 177 m¥g= FA 4
SHREH o) 'YL F1.2 e 7]58lE pyrrolidine 18] 2]
W7}k 7] Witk

Table 12} Fig. 60l 329 7|58k AR Hol| gx]g A 25
o e O, A O 54 A9E Uit Fig. 60l

4
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@® Ncotent
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S 160 4 M3 S
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2 * 2
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Fig. 6. Zr and N contents of (a) Gly+BA-CNT/(n-BuCp),ZrCl,, (b)
Z-Gly+PFA-CNT(48)/(n-BuCp),ZrCl, (¢) Z-Gly+PFA-CNT(72)/
(n-BuCp),ZrCl,, (d) Z-Gly+PFA-CNT(96)/(n-BuCp),ZrCl,,
(¢) Z-Gly+PFA-CNT(No)/(n-BuCp),ZrCl,.
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Fig. 7. XPS Zr 3d spectra of (a) (n-BuCp),ZrCl,, (b) Z-Gly+PFA-
CNT(72) and (c) Z-Gly+PFA-CNT(No).
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1,3-Dipolar cycloaddition ¥F-5-& &3} 71582 carbon nanotube 31 $lof LA Zull E=] 2 oddl F3t 579
Gly+BA
in DMF
150°C/48, 75, 120h
70°C/6h
_ Calcination
<" 30 min/530°C
hl,w“‘“”
Z-Gly+PFA N
in DMF R ™y o
150°C/48,72,96h \, =k . —= < p< > — =
No solvent (n-BuCp),zrci; S
180°C/30h 70°C/6h
Fig. 8. Schematic illustration for synthesis of the metallocene supported on pyrrolidine functionalized CNT.
Table 2. Results on the ethylene polymerization of the functionalized CNT/(n-BuCp),ZrCl, system®
Catalysts PE (g) Activity® T, (°C) AH, (J/g) T, e CO) T, (°C)
Gly+BA-CNT/(n-BuCp),ZrCl, 1.6 0.16 1343 172.8 467.2 497.8
Z-Gly+PFA-CNT(48)/(n-BuCp),ZrCl, 5.0 0.14 1349 178.3 471.0 498.7
Z-Gly+PFA-CNT(72)/(n-BuCp),ZrCl, 42 0.14 133.8 175.3 467.2 497.8
Z-Gly+PFA-CNT(96)/(n-BuCp),ZrCl, 4.5 0.16 133.7 181.6 468.1 496.6
Z-Gly+PFA-CNT(No)/(n-BuCp),ZrCl, 22 0.09 134.0 171.3 464.6 499.0
(n-BuCp),ZrCl,° 19.3 6.43 1342 1243 445.6 490.9

#Polymerization conditions: cat. = 200 mg, MAO in feed = 2 mmol, volume of hexane = 280 mL, ethylene pressure = 1 bar, temperature = 70 °C
bPolymerization conditions: cat. =3 pmol, Al/Zr molar ratio = 2500, volume of toluene = 280 mL, ethylene pressure = 1 bar, temperature = 70 °C

“Unit = kg-PE/(mmol-Zr*h)

i)

FollYA= (n-BuCp),ZrCl, Fe] A 255 AP A Hr} of
I a5k, o)l gAY eRHE e 715538 pyrrolidine 112] ]
A9} 4% 2GR A 2FE] WA d74xjo] ulFot),
XPS$}ICP, EA, TGA, BET 14 A5 T8l 2 w olu| -4k
&3] =7} WH-3-3lo] WA olzrd dzlo| =& A5l A
ofzWEl dgfo| == BAV-FH ] nosystemZ} BE-S-51o] §hALh
w5H T pyrrolidine 17271 £40E A 0 & oJAtE M| pyrrolidine
127} 755t et E o) Wgz Al Surt 2 s QA A
2Rt ©@xE B0 2 AzbE) WigZ Al 94X S 34 o}
& wA3keke] Fig. 8ol LFERAQITE.
Table 2] %W 71531 BhatbeFH o] gx5 wg 2 4 Zvjo)

2
5

g

0.20 200
Activity
- ° @ Zrcontent | 180
3 -
N 015 o - 160
2 o 2
° L =
E g
w 0.0 A ° L120 =
o ——
g 5
3 100 £
> [=]
= (3]
g 0.05 - 80y
- 60
)
0.00 T T T T . 40
(a) (b) (c) (d) (e)

Fig. 9. Zr contents and activity of (a) Gly+BA-CNT/(n-BuCp),Zr-
Cl,, (b)Z-Gly+PFA-CNT(48)/(n-BuCp),ZrCl,, (¢)Z-Gly+PFA-
CNT(72)/(n-BuCp),ZrCl,, (d)Z-Gly+PFA-CNT(96)/(n-BuCp),Zr-
Cl, and (e)Z-Gly+PFA-CNT(No)/(n-BuCp),ZrCl,.

ofldal F3t Ay YRl 39 7158k eath Tl B
218 w24 Fuj o] ol T3 2495 Fig. 9ol e St
Gly+BA-CNT®l B2 ¥ Svll&= W& A 235 shgol = B et
0.16 kg-PE/(mmol-Zr*h) 2. 7} -2 /38 RQlr} Hhdol 2
A2 75 S Y= Z-Gly+PFA-CNTOll T8 Sujo] 7-$-
0.14~0.16 kg-PE/(mmol-Zr*h)2] H$] 2 Gly+BA-CNTel| &4 ¥ =
o} fAFet T3 B8 Bt o= Z-Gly+PFA-CNTOll ©4 €
Zul|o] 7§- Sl B o] W) st ojdal T3 A 249
SO =2 gl B e}l FEHu] MAOZE Eitsh=dl dA14 el E
7] Wiz}, Table 20 TGAE -3l S74 % A} E-3A 9] 23]

WAl X (initial degradation temperature, T, )2} F O &% T4

4,

100
________ —
N\
\
Y
9
w 604
2]
oS
et
L
.g’ 40 4
=
20] ——— GlytBACNT
————  Z-Gly+PFA-CNT(72)/PE \
——————— Z-Gly+PFA-CNT(No)/PE —_
PE = oo
0 T T T T T
300 350 400 450 500 550 600

Temperature (°C)

Fig. 10. TGA curves of Gly+BA-CNT/PE and Z-Gly+PFA-CNT/PE.

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016



580 o< - oAl -

- b’ )
SEMHV. 000KV WO 4792 om
SEMMAG W00k Det nBeam
N

Fiduate % 3 Aues, <
MIRAN TESCAN SEM HV: 20.00 kV WD: 5.055 mm

’ SEM MAG: 10.00 kx  Det: InBeam
Pecformance in nonowo«n KNU

1 Al
MIRAW\ TESCAN
-

Performance in nanospace n

Fig. 11. FE-SEM images of (a) Z-Gly+PFA-CNT(72)/PE and (b) Z-Gly+PFA-CNT(No)/PE.

2% (maximum mass loss temperature, T, Y& LERSICE ¥ 7]
s3H ONTell g Sl = A e A 530412 TGA ABE
Fig. 100 JERASITE 29 753k ehathe el g4 Sz
AR EA B T S 464.6~471.0 °C Lol S 91,
Ty 496.6~499.0 °C H-Zoll A S E QUek FA8HA] ob-2(n-
BuCp),ZrCL% A7 aitAkel vlarste] T, -2 20°C, T, = 6 °C
7181k, AL BkA) Yol] 2 A] Fabe gt g
o5& Wallshz gk o] wlitel] a7 AR E = L5 (T,
5 AJAIZH, @i T H Thtolel] Sl Ttk X318] el
o] T, = U & 5% o]Fsh frH13]. o] 39 7]538k=
A3l Bhathe i o) EARRke] e ago] e o] d QgAdol
=) M)

B84 T, T, & G2 T4 i),

Fig. 110 WlEZ2 A4 @] FHu)] & o] &3l F& 3t Z-Gly+PFA-
CNT(72)/PE 8|2} Z-Gly+PFA-CNT(No)/PE H-8H4|9] JA| A&
ERASITE. Fig. 119] (@)} (b)ellA e 217} 2o] CNTE] 2o
29 S 2o g e ogdl Ry SEEEA el
dlo] FRE g RH O] 7SS AR eE AE = 5 vk

4.4 =

Aol A= TheFgt ofr|iAky) GE|3] = SF5HE2] 1,3-dipolar
12 H7MES-S F3) pyrrolidine 178]7} 71531 AU ERES
e 5 wERAl FulE gsto] gyl S AAEIITE v
A 2535 S HolE Gly+BA-CNT/(n-BuCp),ZrCl,e 2~31) 358
A2 3 S B0l Z-Gly+PFA-CNTol| B8 Sl o} fALst
23 G5 BT} Z-Gly+PFA-CNTol| B4 9 Enjjo] 39 =0
A2 55 Tl = Estal, vhe T8 &3S Kol ol S
B0 Rt st el S5 A FHo R oddl K
H o} FFu] MAO7} Elsh=d] A% WallE 7] wolth.
A 758k gkt F o) Wgz s $XE SulE S8l A4
¥t Ab B3 wg Al S| 2R A E PERCHT,, 2> 20 °C,
Tt 6 °C S7F3ISATE o]i= B3| Ulol] Z2A] F4ke gk
FH7F G| o] g-& Wallsh= barrier 912HS 8t T, & 117

=

[o5

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016

7] wiEoloh, Begk e fH. 7htolef] Qlis aitAks Axds]
gl¥lo] T,,% O & 5% o]FsH Fvk. A= et
B 34 Sz Sl Y- e Byt EEw
A, ZEegdlo] IR E AR RHO| VHES AR FEE As

B 5 gk,
Z A

o] =2 20139 FH- ez AJY O R sk
Ae] A& o} 423 A5 (No. 2013R1A1A2010258).

References

1. Shanmugharaj, A. M., Bae, J. H., Lee, K. Y., Noh, W. H., Lee, S.
H. and Ryu, S. H., “Physical and Chemical Characteristics of
Multiwalled Carbon Nanotubes Functionalized with Aminosilane
and its Influence on the Properties of Natural Rubber Compos-
ites; Compos. Sci. Technol., 67, 1813-1822(2007).

2. Coleman, J. N., Khan, U., Blau, W. J. and Gun’ko, Y. K., “Small
But Strong: A Review of the Mechanical Properties of Carbon
Nanotube-polymer Composites,’ Carbon, 44, 1624-1652(2006).

3. Ma, P.-C., Mo, S.-Y., Tang, B.-Z. and Kim, J.-K., “Dispersion,
Interfacial Interaction and Re-agglomeration of Functionalized
Carbon Nanotubes in Epoxy Composites, Carbon, 48, 1824-1834
(2010).

4. Ma, P-C., Siddiqui, N. A., Marom, G. and Kim, J.-K., “Dispersion
and Functionalization of Carbon Nanotubes for Polymer-based
Nanocomposites: A Review, Composites Part A., 41, 1345-1367
(2010).

5. Kim, D.W. and Kim, J. S., “Mechanical Properties of Carbon
Nanotube/polyurethane Nanocomposites via PPG Dispersion with
MWCNTSs) Korean Chem. Eng. Res., 53, 703-708(2015).

6. Araujo, R., Fernandes, F. M., Proenca, M. F., Silva, C. J. R. and
Paiva, M. C., “The 1,3-dipolar Cycloaddition Reaction in the Func-
tionalization of Carbon Nanofibers} J. Nanosci. Nanotechnol., 7,
3441-3445(2007).

7. Denis, P. A. and Iribarne, F., “The 1,3 Dipolar Cycloaddition of
Azomethine Ylides to Graphene, Single Wall Carbon Nanotubes,



10.

11.

1,3-Dipolar cycloaddition ¥+-8-2 %3] 7|53} carbon nanotube ¥ $jof] 7 AA] ol ©1] 9 ofjelzl 5t 581

and C60} Int. J. Quantum Chem., 110, 1764-1771(2010).

. Araujo, R., Paiva, M. C,, Proenca, M. F. and Silva, C. J. R., “Function-

alization of Carbon Nanofibres by 1,3-dipolar Cycloaddition Reac-
tions and Its Effect on Composite Properties,; Compos. Sci. Technol.,
67, 806-810(2007).

. Paiva, M. C., Novais, R. M., Araujo, R. F. Pederson, K. K., Proenca,

M. F. Silva, C. J. R., Costa, C. M. and Lanceros-Mendez, S.,
“Organic Functionalization of Carbon Nanofibers for Composite
Applications] Polym. Composite., 31, 369-379(2010).

Zewde, B., Pitliya, P, Gaskell, K. J. and Raghavan, D., “Structure-
property Relationship of Substituted Pyrrolidine Functionalized
CNT Epoxy Nanocomposite}’ J. Appl. Polym. Sci., 132, 42284-
42293(2015).

Paiva, M. C., Simon, F., Novais, R. M., Ferreira, T., Proenca, M.

12.

13.

14.

F., Xu, W. and Besenbacher, F., “Controlled Functionalization of Car-
bon Nanotubes by a Solvent-free Multicomponent Approach’
ACSNANO, 4, 7379-7386(2010).

Xiong, J., Zheng, Z., Qin, X., Li, M., Li, H. and Wang, X., “The
Thermal and Mechanical Properties of a Polyurethane/multi-walled
Carbon Nanotube Composite)” Carbon, 44, 2701-2707(2006).
Al-Saleh, H. M. and Sundararaj, U., “A Review of Vapor Grown
Carbon Nanofiber/polymer Conductive Composites, Carbon, 47,
2-22(2009).

Gui, M. M,, Yap, Y. X., Chai, S. and Mohamed, A. R., “Multi-walled
Carbon Nanotubes Modified with (3-aminopropyl)triethoxysilane
for Effective Carbon Dioxide Adsorption) Int. J. Greenh. Gas
Con., 14, 65-73(2013).

Korean Chem. Eng. Res., Vol. 54, No. 4, August, 2016



