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£ A7 " vgaddelE) PMMA) o] Bave-F(CNFY 8 E32 g8t 9+ CNE/
PMMA 5882 €2 gl vpd - vpr Aol falo] 3235Itt CNF/PMMA Q] QA EAE AxFAL %A
(DSO) 2k BT LA7NTGA), 2813 F7IARA7 I DMA) £ ©)83819 1&3lgion, vhd - vk AL vpa
IEE AlR7] (wear tester) & o858t} S48 AutEA, CNF/PMMA H3A29] 7;9} integral procedural
decomposition temperature (IPDT), storage modulus(£”), 8]l tan 69) k& CNFS] o] 715 wet 5
7yt om, v} vk e ONF 3% 0.1 wt% A Zsigini ONF 8% 5~10 wi%ole dab oz
7Rk 43S HERIEE ol PMMAC) APg8) (aspect ratio) 7} & CNF7}F B3AI2 H7Hgel whet 3184 Aks
o] o] doupy HF 3] lellX 71412 23 (mechanical interlocking) #/30] F718le] HAF = riwshd
TZE A7) dlEolz} ddE.
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Abstract : In this work, the effect of carbon nanofiber (CNF) on thermal properties, and friction and
wear behavior of CNF/PMMA composites were examined. While thermal properties of the composites
were investigated with differential scanning calorimetry, thermogravimetric analyzer, and dynamic
mechanical analyzer, friction and wear behaviors were examined using a friction and wear tester.
The glass transition temperature(7;), integral procedural decomposition temperature IPDT), storage
modulus(£"), and tan § appeared at higher temperatures with increasing CNF content, which were
probably attributed to the presence of strong interactions between the carbonaceous fillers and the
PMMA resins matrix. The wear loss in the composites decreased at 0.1 wt% CNF and then
increased with 5~10 wt% CNF content. This was due to the existence of large aspect ratio CNF in
PMMA, which led to an alignment of PMMA chains and an increase of mechanical interlocking,
resulting in the formation of crosslinked structures between CNF and PMMA in the composite.
Keywords : carbon nanofiber, poly (methyl methacrylate), thermal properties, friction and wear
behaviors.
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 olgP’ PMMAE WA, A8A, & Bags, 183 7)A1H
7lAde] wout A, ARt B8 2RV, AAAIEY A,
FuAA o g AHEET QJuk s mEYA 53
PMMAT W2 £§252 gePdie] o A8HE, AFYH &
AARAES oz 2y AL 2k nhz - vlEe] o3 23] 1l
3}, AEY o2E, 1817 £HY 9 T FAldo] 2aEy 9l
o webd ZAsAY] ArE Be B3R 24 AEE Bt
o FARE W8T 5 Sk

71&2] A fElidfol vlsl 'AvhieAdRf-(carbon na—
nofiber, CNF) & I #A4lo] elirl SZhgoke] Haist L= )
2 walo] Qlo g oR uje qpgslm 10712 wel 7 A2

= sold 71A1E, 8718 4Ag /A3 9ol e W, a7

WA 5 o At 7R Beke 958 AAS vepdc B
CNFE @AE7} 95310, e 37) Aaot zh= w8 A
(aspect ratio) 2 Q)& Teksr n¥xa}, 24 1l Ak Qg 97t
A2AM ] 77} Eo] BrhkE T QIehFE g CNFE wlAs
7|2 sl AEY HF L 2Fo] PP Hfe] Aol A
7o) BFSE o] QA ¢hobr FRIT Wil tlekein] diF 7=
o] ALFA Fale] rhzjo] Rl BFFo] Qo BH mEgA
ol] F3E Bato] ol FAlgo] At 24291 TA
I AR Ve AEE B3 AAY EFAE ATl o she
Foz xejuz) slar k.

webA], £ A= EY A2 AME PMMACY 73z A
43 CNF9 32 w3t CNF/PMMA Wi E3Alg52] 354
o mX)= Pl el AAFAIEHA(DSC) 9 EFeRA7]
(TGA), 183 FA7|ARA71(DMA) & E3lo] gol Bgkow
Y3 ERAEL njgt . vlR A% vhEdalE AIF7|E AMES]

o 13
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M2, 2 7ol AAZ ARS S bed-f-(Carbon nano—
fiber, CNF) = 8t=1 vher|ZR(52) ol AlFS straight type BEjo]
o, fEYAR AMgH E2(WE demEEHe]E) (PMMA) & LG
oA AakE Aol TH 830E AHESISITE Tables 13 24 7}
ztol 435 YERIC

AERPE CNF/PMMA 0] AJ8EA| 200 9 Aale] 3422 PMMA
= B4 S50 =087 70 Tt 4A1RE CNF= 150 Coll
A 12A17F Ft R BA HERAIZ ZAIZ AREE CNF
sheHsh= 0, 0.1, 5, 281 10 wt®® 8t%lom, 71413 £37]
(brabender instruments plastic corder) & ©]&3te] 190 C
oA 40 rpm&] £E2 207 B¢ PMMASE E3 a3t o] gAl
88t A2 E, 7tEXAEX A 10X10X0.5 cm® Z7]9] A
W AEETS A 29 cm, 74 05 cme] 9F AFE= F
A3to] A7t 719k A3 7] (carver laboratory press model 2518)
ol g3l 43I, Figure 1 ViR 8 22 7388 o]gs}
o 25 Cold 190 T7/RE 524 % 8.25 T/minZ 71438101 591
©5m 190 CollA 208 5 &% F43 ¥ 3.3 T/min= 190 C
oA 25 CT7EA| ¥ZAIA CNF/PMMA E3A5E Alzs3ick gt

Ed|H, A308 A5&E, 20064

e

Table 1. Properties of the CNF

Properties Values
Young’s modulus (GPa) 150~820
Density (g/cm”®) 1.8~2.2
Maximum tensile strength (GPa) 1~3
Diameter (nm) 130~150
Length (um) 25~30
Interlayer spacing (A) 3.40
Table 2. Properties of the PMMA
Properties Values
Refraction ratio 1.49
Formation shrinkage ratio(%) 0.2~0.6
Water absorption ratio (%) 0.3
Tensile strength (kg/cm?) 750
Bend strength (kg/cm? 1330
Bend modulus (kg/cm®) 33,000
Izod impact strength (kg-cm/cm?) 1.6
250
. 2004 190%  20min
&
®
5 1504
422 20 min 50 min
5 1004
504
25°C 25°C
0 20 40 60 80

Time (min)

Figure 1. Curing schedule of CNF/PMMA composites in hot—
press equipped with temperature controller.

A, A SR 712 U8 BAS A7) wiell vacuum
bag molding& THEo] 371 5YEAE o&4 AAsII.

U™ Y. CNF/PMMA Wie-E3ige) dekddE 1kl 4
&), AFR2A 7] (thermogravimetric analysis—TGA : du Pont
TGA—-2950) & olgslod SAsIgion gur G 2 4
23l 493} ehR] o) X skl wisl ARl

25 WY 25 THE 800 T7H 10 T/ming $2&c= =
apsick

T3 CNEF/PMMASY #8] Aol &5 45| Hste] AxF
Ard = (differential scanning calorimeter—DSC: du Pont DSC
910) & AHE3led A3} 30 mL/minelA 10 C/ming) $25%
2 2% 9] 25 TRE 350 T7 10 C/ming] 24E% =
Aotk

CNF/PMMA E@AE2] 2Adulel & 53 Had 549&
olr 7] Y& EF&7)ARA7] (dynamic mechanical analyzer—
DMA: TA instrument DMA 2980) & o}£3}o] A4l £
&% 5 C/min, 2589 30~180 C, A5 1 Hzelx, AELS
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Table 3. Glass Transition Temperature (7;) of CNF/PMMA as
a Function of CNF Content

Specimens 7:(C)
0 wt% 115
0.1 wt% 120
5 wt% 123
10 wt% 126
1004
0 wt%
-------- 0.1 wi%
gb\ 804 5wt%
= L e 10 wi%
604
f3)
2
T 40
S
9
2 20
0l
o 200 400 600 800

Temperature (C)

Figure 3. TGA thermograms of CNF/PMMA composites.

Table 4. Thermal Stability Parameters of CNF/PMMA Com-
posites as a Function of CNF Content

Specimens IDT“(C) Tax (T) IPDT?(C)
0 wt% 231 254 302
0.1 wt% 239 264 327
5 wt% 257 278 367
10 wt% 291 310 446

“IDT : Initial decomposition temperature. “IPDT : Integral procedural
decomposition temperature.

£ Yeiigloy} CNF7E 0.1 wt%elAlE 120 C, 10 wt%olA
126 CE 371g+e & & 3tk olefst fel "o Lx9] Svh=
#5738 PMMA %ol v 712 $A15o] 9l CNF7) 3424
2-gste] CNFO ghego] S7ieha niEa) mjEZ A9 A4
B& Bl Ak Ak doll gt WgE AsAIZY) WiRe)ekn
kgt

H oYY, Figure 3°] CNF/PMMA E3482) TGA 4%
MEE veRlglon, Table 49 05 k] 73 B35 %
7] g =(DT) 9 Al 5 2] 25 (Theo, 1831 A
- GRsl SE(IPDT) & HERASCE & AAERE CNFO g50]
0 wt%elM 10 wt%ZE F7tgel utg} IPDT ko] 302 Teof
A 446 CE F7kR= & B2 4 A3tk o= PMMA U
o &2 YIS 7IX= CNF7F EA8le] Bage) deA
QAFE-S TAZY) wlEela} SebeT) Figures 48} 5= 25 ¥
sloll W2 CNF/PMMA E312.9] log storage modulus$} tan &
E 742} Vel A0 24, Figure 404 Bi= ule} o), £ Ho]
Felo] CNF9) A7k 3l A3 @38 (E) o] F7lshe 2e &
I S3ick ol H|EHAe] & CNF/F u¥Al 22]9S Welsh=
B stz 2gsteir @EC] SRk Ao

r
ay)

22|, #3037 A5%, 2006
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Figure 4. Storage modulus(£”) versus temperature plots of
CNF/PMMA composites as a function of CNF content.
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,,,,,,,, 0.1 wt.%
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1.24[= 10 wi.%
w
E 0.84
QH
0.04, N ) i
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Figure 5. Loss tan 8 versus temperature plots of CNF/PMMA
composites as a function of CNF content.

#oy w3 tan 62 WA tan 82 HohEol e = 2uE
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o2 ¥3r) %02 o)Ed Ao wekdn M
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otk wERAISRe) gk 4 PMMAS] Z-$oll= 0.088% VR
Qo 0.1 wt%olA= 2F 0.036, 5 wt%olXE 0.040, 10 wt%
AA= 01682 HAE A4St S7ishe A2 Vel o]
© ¢ PMMAC CNF9] &3 0.1 wt% 718158 29 &4
frEo] FAASH uix| =] ATk np - whEe| 2%t S2o 7
A AE FA9) “amorphous carbon debris”7} £8A] Hghe
3] npAlRe] Flo] Zolxe Ao waEth?! T2y PMMA
o CNF9] &8 10 wt% 714 d7Fe 7% CNFell o3t 9%
7} F7Rse] migk - mim AR Avde] A717) Sk nh
go| Z7181817] WiEola} derEn?
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Figure 6. Coefficient of friction of CNF/PMMA composites as
a function of CNF content.
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Figure 7. Specific wear rate of CNF/PMMA composites as a
function of CNF content.

@

Figure 8. SEM and TEM images of CNF/PMMA composites: (a) 0.1 wt% (SEM), (b) 0.1 wt% (TEM), (c) 10 wt%(SEM), and

(d 10 wt% (TEM).
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