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Abstract: Electrically conducting PET film was prepared by introducing amide group Or cyano group

into the PET film and then subjecting CuyS, which is known as the p-type semiconductor, into the

grafted PET film. The effect of emulsifier on grafting of acrylamide on PET film was investigated

and optimum conditions for the introducing of CuyxS ([CuS04) 30 g/l, reaction time 3hrs) was studied.
The Cu,S-induced electrical conductivity of PET film was higher by order of 10713 than that of the
original PET film. Using recently developed FT-IR, trans-gauche configuration was investigated.

From energy dispersion X-ray analysis, Cu/S of CuxS-induced PET film was calculated. The mor-

phology of CuyS-induced PET film surface was investigated with SEM.
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Table 1. Conditions for the Grafting of Acrylamide and Acrylonitrile on PET

Conditions maintained

Sample Acrylonitrile Acrylamide
description BPO Monomer Time Temp. BPO Monomer Time Temp.
(X10~* mol/ 1) (mol/1) (hrs) () (X107* mol/1) (mol/ 1) (hrs) (C)
A. Critical 3.30 1/2 0.8
conc. 4.13 0.65 to 80 1.6 1.13 2 85
of BPO 4.95 3 24
5.77 3.2
138
B. Critical 0.30 1/2 0.28 1/2
conc. 4.95 0.46 to 80 3.2 0.56 to 85
of monomer 0.61 3 0.85 3
0.65 L1
0.75 1.41
C. Effect of 1/2 1/2
time 4.95 0.65 to 80 3.2 1.13 to 85
3 3
D. Effect of 1/2 70 1/2 55
temp. 4.95 0.65 to 80 to 65
3 90 3.2 1.13 3 75
85
95
Material . Liquor ratio=1 . 100 —— © Optimum condition
Table 2. Effect of Emulsifier on Grafting of Acrylamide on PET
Weight increase (%)
(A) without extraction (B) extraction with (C) extraction with
(only rinse with boiling water boiling 0.2%
boiling water) Na,CO, aq. soln
Emulsifier (%) (2 hrs)
No. (wt. ratio)
1. N/JA=100/0 13. 04 10.86 8.0
2. N/A=75/25 12.98 9.94 7.86
3. N/A=50/50 10.6 7.72 7.32
4. N/A=25/75 11. 66 8.58 7.4
5. N/A=(/100 7.98 5.98 5.44
(%) Emulsifier : N (Nonion ; MONOPOL 1020) =Polyoxyethylene nonylphenyl ether.
A (Anion ; Emulon S 133D)=Ammonium polyoxyethylene nonylphenyl ether sulfate.
Grafting Condition ; (BP0)3.2X10*mol/], (AM]1.13 mol/], 3 hrs, 85T
a ¢lch, & PET?2| solubility parameter< 10.7 A 5ol graftings] 2 olurim 2 £ o},
ol vbw AM 2] solubility parameter 22. 1~ FLALHEI7t graftE &0 O|X|= B8
30.1, AN 7%= 10.524 AN?| solubility graftfi g PET Lol & ¥igtE o) gumE
parameter3to]l AMoll ®lsle] PET 9} #3517l o] gat=lo} glom o] gumipH - o Hel KB
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Fig. 2. Resistance of Cu,S-AM-g-PET and
Cu,S-AN-g-PET at different CuSO,
concentration, g/l.
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Fig. 3. Resistance of Cu,S-AN-g-PET and
Cu, S-AN-g-PET at different reaction
time, hrs.
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Table 3. Tg and Tm of PET, AM-g-PET, AN-
g-PET, Cu,S-AM-g-PET and Cu,S-

AN-g-PET
No. Material Tg(C) Tm(TC)
1 Original PET 72 250
2 AM-g-PET 64 250
3 AN-g-PET 64 248
4 Cu,S-AM-g-PET 68 249
5 Cuy,S-AN-g-PET 70 248

Table 4. Characteristics of Infra-red Absorp-
tion Bands of PET

Absorption

Characterization
band (em™")

Absorption group

Orientation
795 in-plane bending of ring CH .
sensitive

845 methylene HCH roéking trans
895 methylene HCH rocking gauche

973 CO stretching trans
1370 HCH deformation to the b
plane of CH, gauche

1453 methylene HCH bending gauche

ching effectdl] &ERZI= Beos EEHAA
o) #yis#{t. &, branch7t A= 9SS et
weh, 22y Cu,S7k A PET ¢ 7371
graftsl PET2| A% pc}l Tgakol & A& CuxS
7 gEEmpEEE RS o] free rotatlon% ul
#Hale Bl R 538 5 sl

Trans-gauche configuration

IR spectrumdll= F7k< FfE2] absorption
bands} FEfEarel, & #Eiok fidliell sensitivedt
bande} filin)ell=k sen51t1ve§} band7} fE&ETHCE
Table 49| PET 2] absorption bands JehA S,
o) el Al #7iet Bliloll sensitivedt band+ ethy-
lene glycol linkage®| #& Vvepdct ¢
7 ¢lom, olst 2+ ethylene glycol link-
aget trans.form?} gauche form=.% ZA gk
cpa A 246~ Fig. 4 ol & o]2{3t trans
form3} gauche form& ZAH O 2 veb i giet.
Miyakel® 5-& solventgHdl 2|5te] ethylene
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trans gauche
@ oxygen @ carbon () hydrogen

Fig. 4. Diagram of (2)the crystalline trans con-
figuration ; (b) the gauche configuratijon
which is present in amorphous regions;

(c) end views.

glycol linkage2| rotational isomerization®] &
o] b4 JifE S ol ol A2 gauche formo| #idh
{toll 2|8} trans form o & #{L3tcta wrgich
Fig. 5+ 600~1,800cm™ ol 42| original
PET, solvent Mgt PET, graftingdt PET
gl Cu,S7} A S PET filme FT-IR spec-
trumo|t}. trans configuration®] ##: peakQl
845cm™!, 973cm' = solventfEH 2 graft L&
&oll elsod 3 3] sl 2=, gauche con-
figuration®| ¥tk peakdl 895em™' = W hEHS
£9 2 4 ek & solventf@M P graftdki
& ¢)8ted gauche formo] trans form2 &
#Lata-aS & 5 Ascl. Table 5 BE
ol 8} sensitivedt 795cm™' S FEH#e o 2 2} trans
peak 3l 973em™' % gauche peakdl 895cm™ 2|
Q) peak ES Vel Zelch, Tabledl
A 2 4 e A3 =hAsEA R solventpREE Y
graftit E&ol ¢5ke) trans band o] FHEHY 8

= 2715193, gauche band o] HBHY sHE
L B89t & solventi®E o graft 3LE
ol oate] ERLEE F7tskAl Halw ol
Ha R #e ohs Hold ol
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Fig. 5. FT-IR spectra(1,500~600cm™") of ori-
ginal PET(), swelling PET (B), AM-g-
PET(C), AN-g-PET(D) and Cu,S-AM-g-
PET(E)

Table 5. Relative Peak Intensity of Infrared
Absorption of Original PET, Swelling
PET, Grafted PET and Cu,S Induced

PET
Sample A973/795 A895/ 793

Original PET 1.083 0.417
MCB/TCE

swelling PET 1.313 0.406
AN-g-PET 1.472 0.389
AM-g-PET 1.486 0.385
Cu, S-AM-g-PET 1.423 0.385

ZaH #1098 M23 1986 4 ¥

Table 60 Jebiet, Table 34 23t
PETEA© A% graft@ao] 2dte] A
ksl ok, solventfAfiol 2lshe] &
87t #FE ek grafttEEO & o}
Al Kb 4dte BEE Jebla leh
Ohguchi! 5o ¢s}m o2t AL  graft
HER PETHR&GMIANA st sEfrsl
7] wFolebn Il donf, 53 graft K
o] ¥¢& wlv AAst s dojndeta oliAbslil
o), =3 graft@ A& polypropylened] o]&
& AAstAs4te] Raxl b e F graft
EEL AAYEZAA Hel viAYGF AAH
dojo g PETEHEFS MR- HsishA @3
nl #58ES JveEh = B#peak & 2H4dHA &
o}

FEihE

Fig. 6 & AM-g-PET(A % AN-g- PET
B2 XEHELES EFEMESE 5,000
ik 4}z AM ¥ ANo| #—atAl 3
HAEUSS ¥ + Uk, =§ AN-g-
PET®B)7} AM-g-PET(A) ¥} —3HA4] 5
slo} A&E & 4 ek

Fig. 7 Cu,S-AM-g-PET(A) ¥ Cu,S-

Table 6. Crystallinity (%) of PET Films Deter-
mined by Density Gradient Columm(A)
and Heat of Fusion Measured with

DSC Curves(B)

Sample (A) (B)
Original PET 4.83 8.59
Benzyl alcohol 1)* 26. 25 34.85

swelling PET 2)* 44.58 41.29
MCB /TCE

swelling PET 3)* 39. 69 36. 15
AM-g-PET 32.76
AN-g-PET 23.85
Cu, S-AM-g-PET 37.51
Cu,S-AN-g-PET 35.77

%1) swelling for 3 days at 25C
2) swelling for 2 hrs at 125TC
3) swelling for 2 hrs at 25T
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Fig. 6. SEM of AM-g-PET(A)

AN-g-PET (B) film surface (:X5,000).

1 5KY 20 .4kX  498n 8459

Fig. 7. SEM of Cu,S-AM-g-PET(A),
CuxS-AN-g-PET(B) film surface
(<20, 000).
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AN-g-PET(B) ¢| XEi#ES Asls &
B BB AR o] TH(X 20, 000).

Engelken®ol] ¢]3lmd Cu,S#5EEE SEM
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® 95 (columnar) ¥ @uls == 493
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Cu;_xSell 4 ek, wpgat & e =
CuixE ovlgtela 93l e =eb 4 Fig7
9] CuxS-AM-g-PET(A)+= vhs3 22 #idh
o] —E3 A7 HEE B Yo
CuxS7t CuixS e Hel2 HFHEL 2ol =, CuxS
-AN-g-PET(B)& %9} 2 Jel S e}
WER CuxS9 e E olF ZAo2 dlatgih
o|g} ZL AL th& IHo| A RFA= BEHE
GHrel Rl A —Eeka olvt.

X-ray microanalysis

Fig.8-% ol =l4rkidal EDAXE FlRi s}
&5 Hrat dataolt}h energy peaks UZEO®
Mg 92x o CuK, CuKg SK, % CuKy& W
Eblict, ol2ial peak 2H-E o) F g el e W
e, B, WOt 2 A ot #ES T
oh& 1 TF FAESRE B 4 et o
+ W sl 2AE 3 cl-§ 73 Cu/S
7S Table 7o Yeb et #EE CuxS-
AM-g-PET 29| CuxS+t CuipnuSE Cui 7t
=™, CuxS-AN-g-PET 9] 7 9% CuyanS7t
H2g Cup-x7l 3l o]23 EESHERE
Fig. 7ol 42| SEMe| R} —F e},

Fig. 9= 94 EDAXE®E a3t film e ¢
Cui%&el W3 X-ray microanalysis data o)
ch. 7b2 &8 filme] 1/25 70 (112.7 #m) &
EP I, Al2Ee HE peak WEE el
CuxS-AM-g-PET(A) &= 47.25pum7}=], CuxS-
AN-g-PET(B): 56.7 um7kx] CuxS7} #HA
5190, CuxS-AN-g-PET7} CuxS-AM-g-
PET2c} o Z 53] film A2 #HASGSS

elahg el
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Fig. 8. Graphical X-ray microanalysis data for
CuxS-AM-g-PET (A) and CuxS-AN-g-
PET (B).

Table 7. Atom Analysis Data for CuxS-AM-g-
-PET and Cu,S-AN-g-PET by EDAX

Sample wt% AT% %S.E. Cu/S
CuxS-AM- S K 28.38 43.98 0.31
g-PET Cu K 71.62 56.02 0.37
Cu,S-AN- S K 20.87 34.33 0.33
g-PET Cu K 79.13 65.67 0.31

1.2738

1.9129

RESWE

Table 8 -2 original PET, graft#t& &3
PET % CuS7t #AX PET film¢ HEER
e S ek ZHoloh CuS7H #HAR
PET f{ilm¢ EHHHE = Cu,S-AM-g-PET
s} 1.8X102S/em, CuyS-AN-g-PET 7
2.1X10*S/emE original PET ¥} 10'° »j
AE7 fAksgdod, o3t (HEE X
FHEgEc oo EREHE SN 234 + 2
t}. ®3 CuxS-AN-g-PET9] 797} CuxS-

AM-g-PET | 7-¢2ct EHEHE] S+
Aoz vebt s, o] AL stelld HmAT

Z2|H ~10d A1235 19864 4 ¥

oo e e e e i e

CURSOR(MU>= B20. 48 EDAX

CURSORCMU>= 820 48 EDAY

Fig. 9. Graphical X-ray microanalysis data of
Cu element for Cu,S-AN-g-PET (A)
and CuxS-AN-g-PET(B) film fracture.

Table 8. Counductivity of PET, AM-g-PET,
AN-g-PET, CuxS-AM-g-PET and
CuxS-AN-g-PET (at 247T)

Sample Conductivity (S /cm)
PET 1. 15X 10~
AM-g-PET 6. 35X 101
AN-g-PET 3.70x 10~
CuxS-AM-g-PET 1.80X 102
CuxS-AN-g-PET 2.10x 10-2

SEM 2}z, EDAXel| 23t X-ray microanaly-
sis datas} —F sl alAbe(r}.

2 olofl CuxS7F HAsl PET filme] {#:#
mechanism, {SEE o] HEKEHE 2 dynamic
mechanical A& o] aAsted= cb-F R A B
Y o A olr}.

# =
1. graft B FULHE  vlo|&/HLole=
50/502. 2 {#f3F 7497k 7b4 PET film &M
o] gumfk HE ] 2ol M S &0
el
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2. CuxSE =4 A7 o CuSO, EEL:
30g/1, REER:ES 3BsRIC 2 314l S = B/
of BREHIE o et

3, PET®] ethylene glycol linkage: sol-
vent R o graftEHo| ¢ 3l gauche form
ol 4 trans formo 2 #t{fL 519},

4. graftE /Y PET O Bag#EgHos Y
graft@E &> PETHAMIT A ASel  JERS G
el 234 dojuvmg PETE graftEH ) 2
shod A o ARRA-S wslsh glAal BatE S
7r &8k},

. EDAXZ%r#7 #58, CuxS-AM-g-PET9]
+ Cu,S28 x3gte] 1.2738, CuxS-AN-g-
-PET 9] A9+ 1.9129%1}.

6. CuxS#H L+ Cu S-AM-g-PET9 A
9 47pm, Cu,S-AN-g-PETY 57 um7lx
film PME = ok

7. CuxSE 5947l PET film¢ BERE
2L CuxS-AM-g-PET7} 1.8X10-2S/cm,
CuxS-AN-g-PET7}F 2.1X10°2S/em o 2 4
original PET ¥e} 10w [ E5| glc.
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