creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ZEddddgols EdARY AV|AEY 4
A& g gL eRFH/FE FolHIE
F3A9) &3
Effect of multi—walled carbon nanotube / copper

hybrid filler on electrical conductivity and thermal

degradation of polyphenylene sulfide composites

20173 2¢€

Agrista vt
wo] QA2 - A
wo] 9. A BT

3 d A



mr

2] 5 24

el

o
)
oy
i

il

A7), AApEobs #g 9 5

bo AHER} 8 IT

S

= FAE %

o]

714

-
R

. ZepaE 577} 74X

3t A7

L

e} T2l & sholre

H, FT-IR, XPS

-
[¢]

ehaz

ol

Aol o

=

B

o
o
0

ol
il

e

Tor

|

sfo]

o=/

S|
=

ZejHd

;01_

59 2 gl

Az 71AA

T
)

o 7P =2 3 AR EREE THA

3%
R

tol Azt Bz, o FHAe]

IS 1Y =Ys

o} =4

& o

3

2

Tk TGA AlgEA o=

& 0.7wt%E FEFRET

K

kel
=1

3R
R

¢

E, g2YUxFE,

, A vto]

¥ 1 2015—-21511

i3
o}



S B et rrtteerteerte st e st e st e e s et e e e st ae s e e e e e srtaesRet e neesrtaesraaeneesreaens i
List Of TableS it \%
| o) R e 1 PP V1
Al L Al B s 1
Al 2 2 T T s 4
2.1 TR FA T e, 4
2.1.1 TRZARFTAEE] NG i 4
2.1.2 ZTAI A (MAFIX) covievieiieiieieieeie e 5
2.1.2.1 IAYAGZTFANE L 6
2.1.2.2 ZF AW ITO)E e, 10

2.1.2 F A s 13
2.1.2.1 BEAUVFSETTH e 13
2.1.2.2 TR e 15

Al 37 AFE Z s 17
3.1 AE A 17
3.2 FejuldAdvtolE BT AlF 17
3.2.1 &Y F{H/ solBHE FHA AF 17

i &



3.2.1.2 T AR TR, 18
3.2.2 ZH LA AT =] oWl E8Q] e, 18
3.23 Z2#iZd W 9 BT A 19

3.3 AEEAE D BAZT e 20
3.3.1 MBI e, 20
3.3.2 BAIZT e, 22

Al 47 AT Z OIF e, 25

4.1 AF A FAYERHEO SR L 25
411 FBAE S e, 25
4.1.2 TAFZ] FEISHE B e, 27
4.1.3 39 729 354 SA FQ o, 35

...................................................................................................... 37
4.3 Z¢juddd ol =9 ol JhA Bl e E Wb 41
4.4 Zeudddvtol s HaARe] AVH 54 24 44
4.5 EyudAdvtol= B R A S 48
Al 5% 4 et ree e sttt st e e et e et e e e s e e saee e 55



.07

)
aid
B

A

..69

ADSTTACT ettt e

v



Table

Table

34

Table

40

Table

Table

List of Tables

1. Intensity ratio of MWCNT and oxidized MWCNT raman

spectroscopy result

2. XPS data of pristine MWCNT and oxidized MWCNT

3.

EDS result

of copper— MWCNT hybrid

filler

4 . Thermogravimetric data of various fillers with PPS

S.

composites under nitrogen atmosphere

composites

54

Thermogravimetric

under

data

_________________________ 52
of hybrid graft PPS
nitrogen atmosphere



List of Figures

Figure 1. Classification of plastics
9

Figure 2. Scheme of 4 probe method
24

Figure 3. Pictures of the dispersion of the MWCNTs in DMF.
(a)Samples were dispersed in DMF by sonification for

2 min. (b) after 7 days 26

Figure 4. Raman spectra of (a)pristine MWCNT (b)oxidized

Figure 5. XPS graph of MWCNT and oxidation MWCNT. The
insert figures are enlarged XPS spectra and Gaussian

peaks for C 1s peak of (a)pristine,(b)oxidized

M W C N T

Figure 6. XPS graph of MWCNT and oxidation MWCNT. The
insert figures are enlarged XPS spectra and Gaussian

peaks for O 1s peak of (a)pristine,(b)oxidized

sl "':I'H-_E L



Figure

Figure

Figure

Figure

46

Figure

Figure

ol

Figure

MWCNT

33

7. IR spectra of (a)oxidized MWCNT (b)pristine

MWCNT

36

8. SEM  images of (a) pristine MWCNT

(b),(c),(d) copper—-MWCN

39

T hybrid

filler

9. IR spectra of (a)neat PPS (b)aminated derivative PPS

(c)PPS graft

43

hybrid

filler

10. Resistance of polyphenylene sulfide composites

11. Electrical conductivity of polyphenylene sulfide

composites

12. TGA curve

of PPS

composites

13. TGA curve of PPS graft hybrid filler composite with

various contents of filler

vii



" gAedEe

SECRIL WATCeAL LIMNVERSTY



A1 A &

driatlo] axg wgeke] wel 1o Agdgshs o A EA
ol "iFHAL Stk A F Thsd BRo] |ER wWe=wA g
oAt A dobrks AR EEs etshAl =l
53] AEak 9OIT, A7) - AApEeke] Agels 4 oAl T
Ak o2 vpopgdel glo] WEEA sfdsfol & Fao|th oo 73

oA SRR SFFEAaAe] FRIIE AAEHL AT

UERATE IT, 271 - AR okel] Sl olvx] a&& SHis A

s
X
30
N
2
o
K3

PEaAC A dA g2 ATt o] Fo
A3 Qe Fokolth. H-EAAG AEFstE GAste W T
AR gAsHs ARd A2 1-31% Azxeds HH3A71= 7t
T2 AL4le] Qlvk olwl, AZste] AEA A 7z
P Qg5 Yoy Eepago] gtk AU Y Zepago]

@ 71E Behay wRA 549 vaste] FEsh A5 54o] 3



0¥
i
=1
N
olr
oX,
il
i)
[
)
4
B
i
X
N
i
il
i)
[
B
f
o
i)
Flo

Ag'gEA oty Hold YAA EAER ofyet Ak, sk
7, ek, AR A AR THR I =2 M A
= 7HA7] wiimell AA whekst AbdRokel A o] getaiat shi= AR
7h olFojxan AtH11]. 28y el d Rl daol =0 AhA A<l
EA oA mtehal & (elongation at break)o] St A3 & £§
<5 (T, 290°C)l Hlall #As] w2 Fdol2% (T, 90°0)E
7Pt S BAtH[12,13]. ®=3 AEAF 2T, d7] - AR
ofz o] &gol qlo] AVA SAelM FFHF Hto] EASH. whet

A Asak gl IT - A7), AARtoket FxAR B 7IANYEs 2

L

o] & W& HopeM EesdAAstoln £X9 o] 9o} T

wHe wg g 5 9

rir

A4 8T HEARD oA

© dreM e EYudAAdvel =S BAkete] Ak 9 A -
AAp Lok el &85 w7l A8 579 SAANE olgsto 5%

ARE

2

EN

zstinzt sheith Eelsdaste 2o A4 542 )

A7) 9 o7 ALA =AY BAU-ERE AFLE )

2 5 &8t



ol
i

oy
;Lmo

0

il

dol& HdAA

B

)

X

2

)

WA ol Aukel wl vepd 4

AIZITH31].

SERER

ol

3
o
i

)

il
T
N

T

0

ilf

—_
fife)

ol
N

i
i

)

gel Aol vebsteh wEbd Azt Ee]edd dutol

=N
=271 T

374, o A

AR Hobze $87bs

IT, A7

ol
=

= EstAge] m AEak

¢
ol

‘o
o
ol

0



B
o
o

A 2%

-

R

=t} oy B3 A5 AL 7AA

A (filler) 2 o] Fof Xt} 71| A ¢} &

_]

T

stAgd A F A o)A Qs AAA SR AEE 7R

X
-
CE 233 Hol Ano BE AL Al HTh 95 BHL M

(matrix) &}
wet of ] 7hA| 9

~

;OO

0

il

110

ojuf HEARE AzelM V& AEe v

s,

H

=]

-

R

5

°©

of Alxel glo] WE=Al DA Hojof

o]

]

-
=2
.

A} (aggregation) ©]

g

o] E=TE TAAN VAR & ol ST}

Fex

AIAAL UEYA AP dol o]l o]

|

EERE

o

e

Ao

B

&

e

17 ®ck e

3

4



FAAE /1A Y L AL Bolu FUY BA

o
iy

st fel Ee - getg oz FHA 52 VIAAE AEe] A

ERDIEE e

o
Hlir

Folaxl sk ofefriA wWe] ArEar 3l

t}.[8,9]
2.1.2 7]A A (Matrix)

NA A (matrix) = 2A BFAEE BHsHe 7Fo2H F5A,

AP A, ZgA8AZ gy oAt AFEstuAF &= FofoA] &
%]

[-‘O
:‘u}L_‘,
i
LB
rlo
1
BN
ofo
2
krtl
2
x
~
o

)
o
ok

A8 o

gl
i
2
o
N
N
)

vk WEAE v 353 Aebee] ble) P
o} AHEAo] W§ vk T Hold AFAY B 4R
oz AATNA 7bg wol AgHE Agelth AT Eehay

AL Mg 2 dHoR wele 9w A5 R VA AR &



A= ZH,

AN L

HAl ARG-E L

W9l

R e s

ezl

=2 =
B U

Zepay A

o
=

AN S L R

o

143 w7

ke
RiA

aed

Azl vl

Az 71AA Berr F53 Ay

i P

delle] &gl

A

T AR B FRARRE A

.
ey

ojuf o] HE HAAAA

ATt

[5,6]

2l

TR

)
o7

J_.NO

"
mn

o}
m

2l

A7 =7F 500kgf/cm? o)A,

|

ZFHEA &S 20,000kgf/cm® ©]%S 7FAaL 100 °C o] U4

AFE &% 7F 150 °C o]Akel <

A<
A&

bt ofm Wy 9

e}
=y

4ar

%

i

A

-
R

$E LA} 74



o5, A AsA 9IT, A7) - AxRAR e b go] A 7Fs)

=]

293, PSS Fea S

tooheh, 4349 2 o

HE

Al Fo) welA Bekay $A7k FEuG Age] gl 44
AFR B IT, A7) - AN G Ao Y Eehage] o)

_/"_\r
oltHe6

z
87
o,
B
-
to
N
S
inj
Ho
Hir
°
ﬁ

=
uge
oX
=2
k=)
ru
g
il
o)
S
o
=
(@)
-3
<
ful
=
¥
v
[
o
-3
>
o,
4
%0

Polyphenylene sulfide (PPS), Polyetherether ketone (PEEK),

A 182 (LCP; Liquid crystal polymer) 5] 1t}

AAG7E7E wllg- avtol B2 QA W diEFAgAate] A A 7EA] = o
Hobe SHAR S 7HA 3L leH[32].
Polyetherether ketone (PEEK) += @7l44 Z2tA~8Y 42 U4<E

4 PT ol vlsl vha "o x|nt Aol Holjur= ZHS 7HA

-]

A ek AR WFES Fx0)7] wiZel A el mE ool

tpehba o2 Qls) X5ergadel stk wdo] lrhe,32].

7 .-';r'\-\.-l! -Cl'l:l- 1_“ i



ol 1 F-2F(LCP; Liquid crystal polymer) = S8 E A4
BHE FAEE AdS 7HAH AE A Al Thsel Thsetthe
FRol vk Aol S8R EAsH7] wEel Azl ol
’do] EelLbal o] st o o g Qld] T2 W] opd M
Fo] =40l "olxv= wo] Stk BSE A ARAlS] A A o]

Sthe Ax dioR &d dfof & otk [32].

Polyphenylene sulfide (PPS)+= Ay} 3to] whEw = k<=3t

2

k)

TEE T Drkad aEASAol £ /AN 3w o

il

52 M3 FA6l HE AAY wE FuAdyel

A

rfo

AR

il

gy F b %7 wEe] AA Be A77b o] FolAa Qi

o)

gt~E Sxjolth, v FERAE 9 74 REoT gty 9s

-

At ole] 4 B9 mee] ednz tE ARY BE

HIANRE Axste] o] &= UvH(5,6,11]



- PE|
SuperEngineering Plastics  PES
PAR
PsU

Amarphous Polymer Semi-crystalline Polymer

Figure 1. Classification of plastics



2.1.2.2 ZEddddvo|=

vl dol = 'y AU EERAE O] &dhs AT

A FARA, WAL o] Eol Gt dad FATEZ AL

e

A7k wA FA oI FAdW el whet THAE I AP o v

 7HA g ZglydAld o= I8 W (creep deformation)

o] A, & LRME Frrt & ZAHES A k. A9
Zddadstel = AN Fe] el nEAe] £ ¥ FEE
A JFE A wb=tf. T3k QIAAlS (tensile elongation) ¥ Uj

vla] A gsto] 7Hg wol &&= FAolth 22y 290T 9] &2

S E 7Hed e 90T 9 v @ fYdol2EE 7HA

-]

T BRFZZ AF YERE A 29 brittle 3t EAJo] ZHE o} g
TR AsEa gtk aeal Abgak 9T, A7) - AARLek &
oA ZgH7) el 7R 540 e At el
Adstol s A ARE 54 dhel A7 E ek
FHI5, 11 weba] ol gt @A E SHehy] fle) Eelsd e
o= A FAC Hgd FAAE BRI HTARE Az

spef ol o453 9luk.



o

SRS} AL E

gl

A

3 Ze)sdadstol

70

TR

5}

]:]_O

blo

[16—-18], 2 £][19,20]

oF
TR
4
m

A

[14,15],

oF

P!

e

)

oju ARg- =

e

AR

A% W37t vyebdth Zhang 58 Z & ¥ d @A g}o)

e

Aoz W3l

4]

A
=

ol 4]

o

o ARABol o]

L

EEREER

T

Al &
2 o

3t Sinmazcelik & 159

= ouldE g oo feldfe 2a shuol

<7ksk g

3)

5
T

sfo] = By Al el o

A
=

SRR

3
=

s

A A

CH15]. Stoeffler & Zg#dd

Pl

Tl 20-40wt%

B/

Khan &< 1

e froh TR

= o
— T

A= AREH

At o A

T AAT[17].

11



% B3 @ u} gk Yu B Eelddadstel s/ 2@
2ol A vhAAFS kR FhE BAFAS B oheh, v
3 A vhEYR Qs WS ARSLR FAEe HAne 2

3
H

o

FFa7le AL FASATH19].

VARe FeAdAdto = BRARAN FAAR AHEHE 3
Aol FR9 el whel FHHE BYL tharatel [21-28] 58 v}

s

Bt A5G 9 AV1H 5 skl e Aot @l

A
(03

B3 53 9tk Cho 5& Felv|daldshe] = v )l 23k
2ol Aol wE vhEEYe WaE vusgth oFe A

Hol A Arskrel dAke 2717h thewkslol s w5 Aol

—

ehtx kAR, vl Az avloldE Bagne w7

s HEEFANT22]. Deng T2 Ed ol = yied

o} TjubolE, HEUo|ERPO|EE ARGt Zedddld el =
SRARES Axsdur2s]. SAAY] TRk Gl e 54%
AollM 252 SAAY] ESARERY = 7EA] o] ds FA ARE-St
P W =40 v AA FEHe Ae 3F 2 ¢ 9ol &Y

]_

Oft
rlr

Al 7] 32} =gl ek Add A FHRILS AEsior &

S o 4 9tk Wu o ATolA] REU)Egte]| =t Algbel A 9

12 . Jiﬂ k'_. 1_'_” Bk T



2ol

A z0]7]

1A A

at7] fleiM= 4

Az

=
T

Ao dEARGEG b2 T S FA ARGl Y

A A

ol
0

jolJ
o

s

of MEA WA H ofo}

Had2 o= o7k Wiio] A =

3]

s

= webd 2o o

=

-]

Zhang &<

A Ao

gl ddld ol =5 Swt%

Jo14 obnE Eg)

(e}
A

H=d)

S

Az

A7} A Fol},

¥

el gk o

-
R

A A7

2.1.2 TAA

2.1.2.1 &AUx5FH

EARM,

e}
= wae

A

3

1991 9 Tijima ¥}Afel] €]

HX

ENEER

Testol E7} o] u]o]

—_
110

cabon nanotube) £}

(single—wall

13



ojw wrathwfn

3 M9 e4dxte) 4
1 Zo)7} mlo]maZgtelolmw A 7Au| 7}t

<]

=

R

o] M RGO E et

EEE!

Fibel wafabt o

°©

-

walled carbon nanotube) ® ¥t}

T

o3& 7}

—_

ha

& T2 Fepel 719

o]

ol g =k,

i

=
)

o
e

| & #
o]

CE!

°©

=
=

Frank ‘&

oth[41].

|

PR

9

e e
1

1.8Tp 2t H

o

a5 87 Rty RauEh(43].

EF AU =58 9 Young's modulus 7F 3%

7HAM 1 Btk

[42,43] T3, Thess 2

[e)

=

tod Aei7hA A ms

S

4= o€

il

11

-f.l]

F

> 1]

i

A -

Aezo &

thH[40-43].

H 3}
=

71 A A
A (aggregation) ©]
14

ol
=
o
o

SHERCE!

-

R

ey

Az AREAll



g 9lo] EAFol Ha gIth[48]. o]y EAHS FHE] 9
st Ao R BRAUNRFHEIEY A& &sir7]7] st oy kA

Hol A8ty 1 T ©AyxFHe| 1EXE FE Sk wrapping

rl

3 wratheRue Eve] HEAUE F B57E Fold Fi

2.1.2.2 73

FEE G50l Hold AR At FEARLANE o

A2 W 4717 40| A4 & Fol 9} oleld 5How

@70 91d FHAALY HFAnE Azsdrh 159 APl

FAZE FHTE Aol b & dilow AgSt MER AR

i

W=t gle] AFat 27 U7 Al T

&
T B8RSl b o559 shtolth meba Telel Holwt o
15 ___;rx_-l! _CI.'II_ -l_-]



5

S

sfof 1 fahE

Aol EAAHE

-
R

HEALg R}

ol Azl

TR

Zhao &< ®Aa

gy Fo|t}[46,47].

]

&

¢

T7F o

B
)

A= o]

T

aed

Z l3)

o

oJE oled FAM FAAE

=eletge W o

ilf

o
oI

7F aA

Zhou &< T8¢ 7HEEHS

tH46].

0|

1

=4

tle o 71AA

7}s

=]
(=i

=
=

ol ta= e e

Al
=

t}[47].

3R

Aze] Tl AA =

= H 3
v 1A

WA, ©HEALEA] o

e} o X~
AdE 95 F

il

vetd = 9l ve A9

G sy

| ool Al A

A7

ofd 4

o FAAHgol b}

16



Al 3% A5 U H

3.1 Al 9 AJek

Z ) ddAdgo] = (polyphenylene sulfide) &= Sigma—Aldrich 2]

DS AFSEY T BAYrSH S delA|u o] CM-130 A

r«{m

lm

ES A3t BAYU-51HE A Ay sle] ¥ A Et= HA

oA AR FAH(96%) F AAH(T0%) 2 Junsei AFE= AHEsHIH

TEHAR =YS &AM A3 (CuCly) & Junsei AF AlF=
oA T2 Alfa aesar Ab AlEs ARESIIH EejudAd ol =
of ofwl7] &=9] ¥ IZHZ® whEE 98] A& Aok sodium
dithionite (Na;S204), dimethylformamide (DMF), methyl
alcohol(MeOH), ethyl alcohol (EtOH), acetone, N—-N-—
dicyclohexyl carboiimide (DCC), 4-—dimethlyaminopyridine

(DMAP) & E% Junsei A} A|&& o] &3k}
3.2 ZPH AL TolE FEIARY A=
3.2.1 §AYUxRFH/F sto|lHgE FHA AX

3.2.1.1 A& HYE FF @AY FHE wHAA

fateRne gedd Euld WY F mel AgHy Ut

oldh
2
B
i)
[-'>4
1o
(ot
e
12
o
l
2
_>‘4_|‘
iv)
il
o
[}
ol
A%
v
w0
—
=
~
N
e
i
1o,



Gakat Aab &3 100ml o] B4 FE(0.05g) % 4 70°C

3.2.1.2 7 YA =4

Bavhfie] Telela s

kit
o
_Olh
rlr
(%
olo
rlo
al
Lp
N
o
(%
olo
o
-
ofo

3™ Cho o W< B3l AxSATHB8Y. AL A& Barhefn
0.2g & 100ml 9 o]&r&o] 30 HE<t 2&5 A ho] BabAA

=t ol A3 e (1795 ¥l 10 w1t F7F 259 Ag F of

1
)
o
)
1o
kit
o
o
Jo
kit
o
[N
)
2
BN
o
=)
o
(
)
[
o
M
2
il
M
EN
o

3.2.2 ET¥| ol =9 oy 9]

Zeldd i d ol =2 opvl JR gl e E W2 Ana

1o

s
oz AYsArHIY). FeALAARE B (109 AN F

A B3N (4:1 v/v, 200mD el 70°C 2 1 A7 30 & HoF w3

M
N

. ol% £EE AL WE BSES FR4E 4 F odd)

ZR4, o@g, oLMES olgate] T4 pH 7} R AR

18 &

| &1

1V



Al 140°C oA 12 A3F

o
r o
i)
X
BN
oY,
ol
-3
=l
2
%
N
o
o,
o
=
olo

S yste] Ak HUFE dekEe] HAEst THRFE A F

80°C & 2ol 10 AlZt&

r o
o
;
N
°

olgl A 3 ZaFdddatolts B 2 20 & 50ml 2] DMF ©f
50°C & 20 AIZHs<F Rt & wjg] 30 &3F 30ml ¢ DMF o %5
2 BAAZl stolBgle AL EIe=tl. DCC(9.2g) 9+

DMAP(0.6g) & #19] && el F7tste] 40°C = Aazzstel 20

AL WG AAZT o) F WSEE Be e ol galA A ate]
50°C & Axe e 12 A3HEF AxsEr

4 R BFARE 242 37

:
2
1o
oo
o&‘i

< 0.1, 0.4, 0.7, 1.0Wt%

2 vepstAl shol Azsgon & 1619 BES Axstelvh

a5 AFHE Hot—press HS o] €3t th 300°C & 7]

g 7t 8 FA Imm 9 BEol MERLS §§AA Az

19 J'A! _CI:I_ 1_]|



aHzy E3Als 99 MEFEES Hot—press & £-§317] A of

AES §Z stel 2g3 AE Fo AT TP Y A2

A% % Hot—press HO = A x5k}

3.3 AEEHYE ¢4 =453

=4 Fue e 1000-3000cm olvl 7 H=e Hol=

intensity & 3o 3 3IH|E AAFSFSI T}
XA FAA EFH XPS)

A AEsh gAY FEY B A ZHEAMS o3 X A F
A} w335 (X—ray Photoemission spectroscopy, XPS, Sigma

probe, Thermo scientific, USA) S o] &3} th BAAAF} A4

20 T ! _'\«.I: - -l_-]i -_..:J'i



Zhef| sl AlEEA skl e el A5 deconvolution 1o
7y AAbe et 72 A4S Bk AldskA Jd3skel.

AgH 3 B4 (FT-IR)

o] Eqieh vkE-7) o] sheha aRQly E2|dd |l vo]

o A 8 ad=g wgd A dd A9 B

(fourier—transform infrared spectroscopy, FT—IR, Nicolet 6700,

Thermo scientific, USA)S Ald3sAe. =54 Fi¢ 9Y

flo

500—4000cm™'o]", Transmittance & Kbr pelletizing 3Fo] %123

sheie.

A7 @u)7 $2(SEM & EDS)

Oft

Az stolBg= FAAME MaIY 7] (sputter coater, BAL—
TEC/SDC 005)% #® % ZAARE FAHA9Z (FE-SEM,
SUPRA 55VP, Carl Zeiss, Germany) & ©]&3te] x5 ##3sH3
t}. olo] F7HH o R oY RA] By 32 (Energy dispersive
A

H e
=

X—ray spectroscopy)= ©]&3Fo] AL st A

i
2

B 3toiet.
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TAAN TR el webd wWslshs EedddAdgels &
FARY ANAEREE FA7] Sleto] 4-EF (4—-probe
method, ZRM—202, Jeasung engineering, korea) 2 ©]&3}o] &
FAR AXAZS AU AGATS VA ERS} A2
HAE 7HAERE o]F o]t WIAREE 54 & F Utk 9]

H AREE AVIAG S e e RA RS figure 2 =

—

Z

e 3 @ 5 Uk 2

T

+

i=h
=

d

Am ABES lemxlem 9 A7 =

o

Imm & FA = Azste] S A7|AEE] AMke ofd A

e}
= &

e

AR B F 9k

AWt
P=RT =T

p = Resistivity (£ = cm)

R = Resistance (2)

L = Length(cm)

A = Wt = Cross sectional area(cm?)
W = width (cm)

T = Thickness (cm)

23494

Zesldastols BRARe AHgde] WRE B

95t & S5 ¥47](Thermo gravimetric analyzer, TGA, Q—
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Figure 2. Scheme of 4 probe method.
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(a)

(b)

Figure 3. Pictures of the dispersion of the MWCNTs in DMF.
(a) Samples were dispersed in DMF by sonification for 2 min. (b)

after 7 days.
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(a) pristine MWCNT

(b) oxidized MWCNT
=
g
&
2
>
D
| =
[1h]
e

(b)
! T T T J T . T ! T p
800 1000 1200 1400 1600 1800 2000

Raman shift (cm™)
Figure 4. Raman spectra of (a)pristine MWCNT (b)oxidized

MWCNT
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Table 1. Intensity ratio of MWCNT and oxidized MWCNT raman

spectroscopy result.

Pristine MWCNT Oxidized MWCNT
D peak area 30944 34353
G peak area 38021 37224
In/Ig 0.813 0.923
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Figure 5, Figure6 o] &4y FH o Fx2WH3LE o AldshA &

2el7] g8 AaAg XPS Avbghel UERIIT. 7 Figure o g
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50000 (a) Pristine MWCNT
7 (b) — Oxidation MWCNT
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[%2)
€
3
o
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L T ¥ T L T T T T ¥
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Binding Energy (eV)
(a) (b)
sp2
—C-0
—c=0
264 2&2 ZéO ZéB ZéG 2é4 2%2

Binding Energy (eV)

Figure 5. XPS graph of MWCNT

T T T T T T T
294 292 290 288 286 284 282
Bindina Enerav (eV)

and oxidation MWCNT. The

insert figures are enlarged XPS spectra and Gaussian peaks for

C 1s peak of (a)pristine, (b)oxidized MWCNT.
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- (a) Pristine MWCNT

] (b) —— Oxidation MWCNT
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Figure 6. XPS graph of MWCNT and oxidation MWCNT. The

insert figures are enlarged XPS spectra and Gaussian peaks for

O 1s peak of (a)pristine, (b) oxidized MWCNT
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Table 2. XPS data of pristine MWCNT and oxidized MWCNT

Elemental

composition (at%) Cls(%)
Sample 5
c o Sp C-OH |O-CO| n— =«
284.7eV | 286.3eV | 287.7¢V | 291.3eV
Pristine 98.19 1.73 77 7.62 6.79 8.59
oxidized | 87.04 12.89 70.65 12.46 947 742
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(a) Oxidation MWCNT
(b) ——— Pristine MWCNT
@ e .
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Figure 7. IR spectra of (a)oxidized MWCNT (b)pristine
MWCNT

36

2 X 2]} 8

]

1

n’



4.2 FE]_-}\1|1 =y /7
sHA 2 B

X0
Lo =
o} o B my w0 ™ .
= o ol oy m 0 —_ o ) ~ 1| iy
iy L o ‘ul il K 09 EW .ﬁ EW o Eﬁ o0 =
O mor T L4 v dE T e +
~ — o —
. m 0 7o o o oy X X iy T 0w % 5 < ol
b o X S o = N = 4 o+ W = N 5
s N Gt Y ) o I
G0 G B I R noom o = W
— d” X [aze) M ~ T EL ZO - — ;01_ ,m
= = & X ~ ) 5 90X T XN < e o
T o T 7o L 2} = < %
IR T M ) R & AF a0
= Mo 9 = do " E]a U Iy =R
e B~ s — - ®w -« ﬂu ° m A o
N < © o} = w8 @ <
PE e T Z 3R AT E o ;2
- P E s B oz % o= 2 3 Z 4 3 X3
s - & = 2 T = noF T WE o= S N
o% o No X B 0% 2 ;W T Hm ~ T " # -
—_ j o M = o o}
jomwf; Mfzioflg
Jat} go X 1 o ! —
- BN o s 2 - 2o W = e WP
I oy M T A = oy =
® 3 A=° T X No B ooz B9 "=
70 MH e WMo Il o Ll T
wr coome TR g n| g W U S o i o
I _ ok 0] Jo WM T j 0| I o HAH o
Nd X w2 AR =N 5z ® Jom L, de B s .M
i I, "I ol M- o ™ X o L S w5 W
I+ RE m“ w Mm o T ® o Z = AR
' z W % g - © S o ~ 5
P a T W E o4 om E T 42 E R
N NN T T
™ oF o ) o/
ol Z,O ﬂ ﬁi

37

o Tabefust A
= ELE|0:| }Z]‘O]-;(] é
TH all 3‘401

L —

R

oIt} o]

(e}



oh mF stelnels FAAY Bhe] 7Y YAt 44 B RS
3}

el & o vk A E YA S &9le Table3d ©f EDS 2

—_

ke Fal el & 5 9tk Tabled o)A thEhbEol 45
32 B3l UM AHE RS L 5 Ak ol WolF AT
o)

@29k viake) obdlo]

38 : _H kl 1_-_” :



(b)

(c) (d)

Figure 8. SEM images of (a)pristine ~ MWCNT

(b),(c),(d) copper—MWCNT hybrid filler.
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Table 3. EDS result of copper—MWCNT hybrid filler

Element Atomic concentration (at%)
Carbon 33.00
Chlorine 22.17
Oxygen 18.55
Copper 16.93
Zinc 7.81
Platinum 1.53
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wavenumber (cm™)

(a) Neat PPS
(b) —— PPS-NH,
(c) Cu-MWCNT-g-PPS
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Figure 9. IR spectra of (a)neat PPS (b)aminated derivative PPS

(c)PPS graft hybrid filler.
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Figure 10. Resistance of polyphenylene sulfide composites.
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Figure 11. Electrical conductivity of polyphenylene sulfide

composites.
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Figure 12. TGA curve of PPS composites.
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Table 4. Thermogravimetric data of various fillers with PPS

composites under nitrogen atmosphere.

Sample Tmax (°C)
Neat PPS 535.61
PPS/pristine MWCNT 539.76
PPS/oxidized MWCNT 543.92
PPS/MWCNT—Cu 531.63
PPS—g—MWCNT-Cu 398.01/545.19
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Figure 13. TGA curve of PPS graft hybrid filler composite with

various contents of filler.
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Table 5. Thermogravimetric data of hybrid graft PPS

composites under nitrogen atmosphere.

Sample Tmax (°C)

0.1wt% 385.01/544.13
0.4wt% 380.92/525.16
0.7wt% 398.01/545.19
1.0wt% 397.50/545.34
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Abstract

Effect of multi—walled carbon nanotube / copper
hybrid filler on the electrical conductivity and
thermal degradation of polyphenylene sulfide

composites.

HyeonJeong Kang

Department of Biosystems & Biomaterials Science and
Engineering

The Graduate School

Seoul National University

In this paper, polymer composites were fabricated by using
polyphenylene sulfide as a matrix, which is one kind of
engineering plastics used in automobile, IT and electric and
electronic applications. In order to solve the electrical problems
which can be caused by the electrical insulation of the plastic
resin, a composite material was prepared by using a hybrid
filler obtained by hybridizing carbon nanotubes and copper to

impart conductivity. Structural analysis of the hybrid filler was



confirmed by Raman Spectroscopy, Fourier Transform Infrared
Spectroscopy (FTIR). X—ray Photoelectron Spectroscopy (XPS)
Scanning Electron  Microscopy (SEM) were used for
investigating morphological shape of hybrid filler. Intorduction
of copper particles were confirmed by Energy Dispersive X—
ray spectroscopy (EDS). The prepared polyphenylene sulfide /
hybrid filler composite material showed much higher electrical
conductivity = values than those of the conventional
polyphenylene sulfide / carbon nanotube composite material
even with a smaller amount of filler. Test results showed that
among the four different groups of prepared samples, the
grafted composite material had the highest electric conductivity
and the optimum ratio of hybrid filler was found to be 0.7 wt%
for the highest electrical and conducting. Also it was confirmed
by TGA that the same amount of filler (0.7wt%) was the optimal

content as far as the thermal stability is concerned.

Keywords : engineering plastic, polyphenylene sulfide, multi—

walled carbon nanotube, polymer composite, copper, hybrid filler
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