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Fig 1. Surface modifications of High polymer by low temperature plasma.]'—”
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Table 1. Recipe of RFL Adhesive

RF
Formaldehyde/Resorcinol/NaOH=1/2.5/0.05(dry mol. ratio)
Maturation; 20 C X 3Hrs.
RFL
RF/L=1/5.5(dry wt. ratio)
Maturation; 20 C X 20Hrs.
L=Latex(SBR & vp-SBR)

Table 2 Rubber compounding recipe

NR(RSS #1) 100 parts
Zn0O 6
Sulfer 3
Stearic acid 2
HAF Carbon 36
Process oil 5
Cyclohexyl-benzothiazyl-sulfenamide 12

2

Aldol-1-naphthylamine

)

PET film

"<

resin
or rubber
0.4mm thickness

PET film

v

Fig. 1.Peel test Sample
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Table 3. Various physical treatments.

Item Plasma uv EB
Penetration weak medium strong
Temperature ~100°C —T00*C ~100°E
Atmospheric Pressure reduced atmospheric atomospheric
Energy several eV several eV 1 MeV
Characteristics of reaction 10n, exciting exciting 1on, exciting
Diversification of reaction many few few
Equipment cost medium low high
Running cost low medium medium
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Fig. 6. SEM photographs of treated sample by O, plasma (0.1 torr., 30 min.), UV (80 W,
2 min.), and EB (50 Mrad.): (A) non treatment, (B) O, plasma, (C) UV, and (D)
EB. (X 20000)
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Table 4. Dispersion and polar contributions of liquid surface tension(dyne/cm): 7 .y surface

tension, 7 { dispersion contributions and Y1 polar contributions

Liquid Yy ri 7
Water 72.8 21.8 51.0
Formamide 58.2 39.5 18.7
Methylene iodide 50.8 48.5 2.3
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Table 5. Characteristics of PET film samples : X.Crystallinity by density, Xc. Crystallinity
by X ray diffraction

Sample Thickness X Xe (7 COOH
(mm) (%) (%) (10 eq/g)
"A) undrawn 0.27 10 — 0.597 38
B) 300% drawn 0.1.2 28 32 0.591 38
C) 300% drawn 0.12 43 42 0.598 38
+ heat set
D) biaxially 0.10 55 e 0.615 87
drawn
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Fig. 14. SEM photographs of PET film treated by low temperature plasma; (A)
undrawn, (B) 300 % drawn, (C) biaxially drawn
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Table 6. Wettability of plasma treated PET film for water

contact angle (degree)

non treat- Ar 02 N2 NHjy
ment
A) undrawn s 51.0 29.2 53.3 79.5
B) 300% drawn 733 13.0 24 .4 54.9 79.0
C) 300% drawn + heat set 90.3 16.4 %557 e 80.3
D) biaxially drawn 76.0 68.7 32.4 51.8 61.0




Table 7. Wettability of plasma treated PET film for methylene iodide

contact angle (degree)

non treat- Ar (O] N2 NH3
ment
A) undrawn 32.3 26.0 24.7 43.8 46.2
B) 300% drawn 38.5 37.2 19.2 45.7 48.4
C) 300% drawn + heat set 59.3 32.8 16.7 46.2 45.2
D) biaxially drawn 3905 32.0 16.9 16.4 42.2

Table 8. Wettability of plasma treated PET film for formamide

contact angle (degree)

non treat- Ar 02 N3 NHj

ment
A) undrawn 49.9 5.8 3.8 3.8 571
B) 300% drawn 52.9 3.7 4.8 23.4 56.5
C) 300% drawn + heat set 66.8 5.2 4.2 23.4 56.9
D) biaxially drawn 58.8 18.7 10.4 14.0 50.3
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Table 9. Surface tension of plasma treated PET film calculated by expanded Fowkes

equation from Water-formamide system

Surface tension (dyne/cm)

Draw ratio non- Ar (o) N, NH,
(%) treatment

74 36.2 42.9 25.2 38.8 30.9

undrawn 7€ 5.8 16.2 39.3 16.6 5.7

e 42.0 59.1 64.4 55.4 36.7

7e 29.2 35.1 29.9 38.9 8150

300% drawn 7E 9.2 24.5 43.9 15.6 5.9

e 38.4 59.6 66.6 54.5 37.0

d 2

B0E detat 74 30.2 38.1 23.4 40.1 322

v T ) 21.0 42.6 14.6 3

heat set s 32.3 59.0 66.0 54.6 824

78 31.9 35.4 25.8 41.1 19.8

biaxially drawn rE 7.0 20.9 37.0 165 o117

Fe 38.8 56.3 62.8 57.5 41.5

Table 10. Surface tension of plasma treated PET film calculated by expanded Fowkes

equation from Water-methylene iodide system

Surface tension (dyne/cm)

Draw ratio non- Ar 02 N> NH.»
(%) treatment

S 39.7 38.0 35.7 30.0 33.0

undrawn ¥ 5.0 183 31.8 20.8 5.2

i 44.7 56.3 67.5 50.8 389

00 36.1 32.0 37.0 29.2 33.3

300% drawn ¥k 6.9 26.3 33.2 20.2 5.3

Yo 43.0 58.3 70.2 49.4 38.6

300% drawn %l 26.8 34.5 37.8 29.1 33.7

+ PE 2.8 S 32.1 19.6 4.7

heat set e 29.6 57.3 69.9 487 38.4

VA 40.1 35.2 38.4 28.4 32.0

biaxially drawn rE 4.8 21.0 28.6 22.7 15.0

P 44.9 56.2 67.0 51.1 47.0
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Fig. 20. Surface tension and ratio of 7§/ 7¢ of PET film treated with O plasma ; RF
plasma(13.56 MHz, 100 W, 2 min,, 0.1 torr.), MW plasma (2.45 GHz, 1.5 KW, 10

sec., 0.5 torr.)
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table 2. Weight loss of PET film by plasma treatment;RF 13.56 MHz., 10 torr., 30 min.
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Fig. 1. Effect of plasma gas on PET fiber surfaces; plasma treatment( 13.56 MHz, 100 W,
0.1 torr., 10 min.) ; (A) Oz, (B) Ar, (C) N»
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Fig. 2. Surfaces of PET drawn fibers treated with various periods under free tension;
plasma treatment(13.56 MHz, 100 W, 0.1 torr., air) ;
(A) 1 min., (B) 5 min., (C) 10 min., (D) 30 min.
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Fig. 3. Surfaces of PET fibers treated by RF and MW plasma (X10000)
(A) non treatment (B) RF plasma (13.56 MHz, 100 W, 0.1 trorr., 1 min., air)
(C) MW plasma (2.45 GHz, 1.5 KW, 1 torr,, 1 min., air)
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Fig. 4. Wettability of plasma treated PET single fiber by RF plasma (13.56 MHz, 200 W, 1

min., 1 torr.);(A) non treatment, (B) Oxygen, (C) air, (D) Ammonia
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Fig. 5. ESCA spectra of plasma treated PET; A) non treatment, B) RF plasma (13.56 MHz,
200 W, 5 min., Oz , 1 torr.), C) MW plasma (2.45 GHz, 1.5 KW, 5 min., Oz, 0.5 torr.)
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Table 3. Relative peak areas (%) of Cys , O1s and N;s of PET fabric

Gty Ors Nig
Non treatment ks 23T 0.6
RF(13.56 MHz, O, , 200W, 1torr, 5min.) 64.4 34.0 1.6
MW(2.45GHz, O, , 1.5KW, 0.5torr, 5min.) 66.9 32.0 1.1
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Table. 4. Properties of PET fiber: (7). intrinsic viscosity, An. birefringence, £ . density,

Xec. crystallinity, Fe. orientation, L. long period.

) COOH An Xc Fe I
fiber type (7) B " 14 o
(10 ®eq/g) (X10 %) (%) (%) (A)
HV-PET 0.865 30 19,1 1.3865 65 93 156
(0.27)  (1.3350)
MV.-PET 0.656 40 18.9 1.3982 64 93 171

(0.25)  (1.3350)

[ ) undrawn PET fiber.
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Fig. 6. Oxygen plasma treated surfaces of drawn PET fibers; plasma treatment
(13.56MHz, 200W, 0.1 torr. 30 min.):MV-PET (A-1. non treatment, A-2.
treatment, A-3. heat set after treament) HV-PET (B-1. non treatment, B-2.

treatment, B-3. heat set after treatment.)



o)

¥ 1 um
EE
Fig. 7. Oxygen plasma treated surfaces of undrawn PET fiber; plasma treatment (13.56

MHz, 200 W, 0.1 torr., 30 min.): MV-PET (a-1. non treatment, a-2. treatment), HV-
PET (b-1. non treatment, b-2. treatment)
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Fig. 8. Surfaces of undrawn PET fiber drawn after oxygen plasma treatment; plasma
condition (13.56 MHz, 200 W, 0.1 torr.): (A) MV-PET, (B) HV-PET
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Fig. 9. Surfaces of PET drawn fibers (HV-PET) treated for various periods under 500 g
tension; plasma treatment (13.56 MHz, 100 W, 0.1 torr., O,):
(A) 1 min., (B) 3 min., (C) 5 min., (D) 10 min.
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Fig. 10. Effect of fiber tension during plasma treatment (13.56 MHz, 100 W, 1 min., air);
fiber type HV-PET: (A) 0 g, (B) 150 g, (C) 500 g, (D) 1000 g
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Fig. 3. Effect of the degree of vacuum on adhesion improvement; RF plasma (13.56 MHz, 200
W, 5 min., O2), cure of RFL (200 °C, 2 min.), PET tire cord (2ply of 1500 denier yarn,

single and folded twist number 40 turns/10 cm)
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Table 1. Effect of RF plasma on adhesion improvement
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pick up peel/ pull peel/pull
(%) kg/cord/kg/cm kg/cord/kg/cm
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Table 2. Effect of MW plasma on adhesion improvement
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(%) kg/cord/kg/cm kg/cord/kg/cm

Ar 6.6 190803 04 4 7B

(O] 6.7 B9,/ 225 D 855

N2 6.6 2.2 4 208 04 / 83

NH3 Sl 2t W21 0.7/ 10:8

CF, 6.2 2y I e QUG i

air 6.9 2.9 / 20.8 0.7/ 85

non treatment 7} 0.5 / 16.0 037 89
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Fig. 9. Effect of plasma treatment on peel strength with rubber and PET fabric; RF plasma
(13.56 MHz, 200 W, O, 1.0 torr.), MW plasma (2.45 GHz, 1.5 KW, Oz, 0.5 torr.)
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Fig. 10. Effect of plasma treatment on peel strength with resin and PET fabric; RF plasma
(13.56 MHz, 200 W, Oz, 1.0 torr.), MW plasma (2.45 GHz, 1.5 KW, O3, 0.5 torr.)
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MW, 0,-30 sec., MW air-30 sec.)
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Fig. 1. FT-IR spectra of ionplated Nylon 6 on PET film:
(A) Nylon Chip 6, (B) ionplated Nylon 6
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Fig. 5. DSC curves of ionplated nylon
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Fig. 8. WAX photographs of ionplated nylon; A) ionplated Nylon, B) original nylon chip
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Table 2. Elementary analyses(weight % for sample weight);ionplated (5X 10 * torr, 100W,
Ar, 100A), evaporated(5 X 10" torr, 100A).

sample £ N H others %
ionplated 61.97 8.78 6.97 2,35
evaporated 64.87 11.83 9.76 13.54
original 62.12 12.14 9.16 16.58
cale. 63,72 12.39 9.73 14.16

* including Oxygen
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Rubber coverage after peeling; condition of cure

(RFL, 200 °C X 2 min.) and
vuleanization (150 “C X 30 min.): (A) non treated PET fabric, (B) nylon evaporated

PET fabric, (C) nylon ionplated PET fabric, (D) nylon fabric

Fig. 16. Rubber coverage after peeling; condition of cure (RFL, 200 °C X 2 min.) and
vulcanization (180 °C X 60 min.): (A) non treated PET fabric, (B) nylon evaporated

PET fabric, (C) nylon ionplated PET fabric, (D) nylon fabric
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