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Structural Modification of Carbon Nanotubes during Ball-milling
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Abstract We examined various ball-milling parameters which affect the structural and morphological modification of

multi-wall carbon nanotubes. In particular, the effect of milling mode and the use of different milling agents were exam-
ined. Friction milling mode induced more structural changes than impact milling mode except the use of dry ice as a

milling agent. Wet milling was helpful for reducing more effectively the agglomeration of nanotubes than dry milling.
The use of hard solid particles such as silica and alumina as milling agents resulted in an effective shortening of nan-

otubes, but often susceptible to the amorphization and the destruction of crystallinity.

Keywords : Carbon nanotubes, Ball milling, Nanomaterials

o) & FAUIE e QAT B i BREY
5 FoltH1]. olaiffl
1*4 £} gaAls
2, 7|AA, FeA,

\I

A1 BAE AR, e 14, B 54, 97, o)
uA, A“*%—%a‘—cv‘i— FolA9] $-go] o sla ik,
2 Frgke] W vl g AR o3 A% 8
oz o) FAT B0l oleds) i) 4AE Al
2 o188 % glrhs FAIHo] Atk EF U FEon)
SEAET I HAAE AZT ) geAe] FEsha,

a 7%% ﬁlfﬂ 7“:7} n) gt —E A= 9‘4 o]#] gt
Hsl, 7l
H«l ?ZE | “;74 Eﬂi‘r/\lﬂ—t— W ol )3

AAX W& A77F BellA 57 53] 2EHLS 24
Bk ofue} Bha hefuel 71019} 47 22 2AY
A& 7Fs

T Q3 FB Ao 2 S(hole)S EA 3h= A
Sk oleld e T B Lhefy

o128 452 PIAA Ui AGARZE ARHO
Zolgd ME} 6, 7] 3 2EEel 2% Fro) g
U AR S FHHNA =
81 olgolw 288 & k.

e} #iiA W e Sl o) ojFold
HyE9 tgFEe d3x) vt} ¢loje] FAZRAE L3
o o2 ool Svlo] glo] we} AAH A}
a3t 71 we WA slejgks o) ER)E (attritor mill),
43 "(planetary mill), 21 d (vibratory mill), 32 2
(horizontal millys L& x| we} 24 O 29E IS
T At w3 BaRrke] A9dn], e Z A (milling agents)2)]
A]_g_ 0:11:1 =) ZE mao] 1:11:_/] %Q. oo = Oﬂtﬂ—._ u]xl

9k 53] 712j0] obd 4] Wee] A9 AF7HA B
£ Y] Ao tgol} B3} 2o AYE £R

of W 2ANE AHg) ek

Z«] L35} 4=

*Corresponding Author : Jung-Ho Ahn, TEL: +82-54-820-5648, FAX: +82-54-820-6126, E-mail: jhahn@andong.ac.kr

258



B el

upebr 2 AellM= ok=(Ar), YEUOKNH;)9F 2
2 7]A|, =2ololo] X (dry ice; CO,), AF 38 Bk
I3 A), WERS(CH,0H) 28 A3t olug} o]
AT (Si0,) B GFHIVHALOy)9F 2 1A F, The
g EAS UHEAZ AR Btttk 2 Ao A8
B WeRH Ewa 9y $917)(Ar NHy) 2 A7185%
E(dry ice, CO)Te] B W02 W NEAS 5] 9
gk 12H] EFo] AUt w05 9E A} ©A U
EREe] Bab 9 FAF3 7)Y & & eAE o}
Bzt stk e Uy BEd fE g YieFH o
P B FERSE AHET] S8 vhE B E(friction
mode)2} AT (impact mode)2] F ZA FHUS
ol g3l AFS A3t

=1 3=5]

2. AEYy

o

B AFoA A" YEAEE CVD(chemical vapor
deposition) WHO 2 A ZH thaH &4 U F 2 (Multi-
wall carbon nanotube; MWCNT)©] 21 tF MWCNTS] 2742
~20 nm, ZoJ:= 520 pum °o|H, U3 FU4 Z¢] AAHL 20
nm ©|AT} BG4 DS ARSI, 29 I3
ELE A3l Z7] 4 2230 rpm.)et PEEEE=(130
rp.m. )X 80AIZE Bt W ST dEEES] R &
719 Z7], & AYEF R EY I £ s gHE
o]Fe] AT-E FEZ SIGATH8]. ETe] FARIE 4000
lo|Ren, 4y &7ef E2 ZHQlEE Hol}lth
MWCNT®] B&2 Egfojojo]s, ghrryo}, mighs, of2
,AF S @& s, oikslata, ¢F Y 5
kel 9 ZAIE AM8Ste] kel on, 242l vtz
< 3 19 ZEeith. 2AR] oikshtAst EFrvE 2

Table 1. Ball milling condition of multi-wall carbon nanotubes

Sample . Millin, Millin

narrrl)e Material modeg a‘unosphegre
MC 1 CNT Friction Ar
MC 2 CNT Impact Ar
MC 3 CNT Friction =~ Ammonia
MC 4 CNT Impact ~ Ammonia
MC 5 CNT+Dry ice (1:20) Friction Ar
MC 6 CNT+Dry ice (1:20) Impact Ar
MC 7  CNT+Methanol (1:100) Friction Ar
MC 8  CNT+Methanol (1:100) Impact Ar
MC 9 CNT+H,0,+ H,SO,4 (1:2:18)  Friction Ar
MC 10 CNT+H,SO,+H,0, (1:2:18)  Impact Ar
MC 11 CNT-20 wt.%SiO, Friction Ar
MC 12 CNT-20 wt.%SiO, Impact Ar
MC 13 CNT-20 wt.%Al,0, Friction Ar
MC 14 CNT-20 wt.%Al,0; Impact Ar
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Fig. 1. FE-SEM images of ball-milled MWCNTSs under friction
mode (30 rp.m.): (a) As-received MWCNT;, (b) MC1 (MWCNT,
ball-milled in Ar), (¢c) MC3 (MWCNT, ball-milled in NHj3),
(d) MC5 (MWCNT, ball-milled with dry ice), (¢) MC7
(MWCNT, ball-milled with methanol), (f) MC9 (MWCNT,
ball-milled with H,SO,+H,0,), (g0 MC11 (MWCNT, ball-
milled with 20 wt.%Si0,), and (h) MC13 MW(CNT, ball-
milled with 20 wt.%ALOs).
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Fig. 2. FE-SEM images of ball-milled MWCNTSs under impact
mode (130 r.p.m.): (a) As-received MWCNTs, (b) MC2
(MWCNT, ball-milled in Ar), (c) MC4 (MWCNT, ball-milled in
NH;), (d) MC6 (MWCNT, ball-milled with dry ice), (¢) MC8
(MWCNT, ball-milled with methanol), (f) MC10 (MWCNT, ball-
milled with H,SO,+H,0,), (g MC12 (MWCNT, ball-milled
with 20 wt.%Si0,), and (h) MC14 MW(CNT, ball-milled with
20 wt.%Al,03).
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Fig. 3. XRD results of MWCNTSs, ball-milled under friction
mode (30 r.p.m.) (a), and under impact mode (130 r.p.m.) (b).

E=] as-received MWCNT
U727 30r.p.m. ball milling
i I 130r.p.m. ball milling

Intensity of (002) peak

as-received  Ar NH3
MWCNT

Dry ice Methahnol aicd Si02  AIZO3

Milling condition

Fig. 4. Intensity of X-ray diffraction peak of (002) for MWCNTs
ball-milled under different milling modes.
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Fig. 5. XPS results of ball-milled MWCNTs: (a) As-received
MWCNTs, (b) MCS (ball-milled with dry ice under friction
mode), and (¢) MC6 (ball-milled with dry ice under impact
mode).
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Fig. 6. TEM images of MWCNTs ball-milled under impact mode (130 r.p.m): (a) MC6 (ball-milled with dry ice), (b) MC10 (ball-
milled with H,SO,+H,0,), (¢) MC12 (ball-milled with 20 wt.% SiO,), and (d) MC14 (ball-milled with 20 wt.% AlLQO5).
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