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Abstract In the case of fiber/rubber composites for tire applications, the interfacial ad-
hesion between fiber and rubber significantly affects the physical properties of the finished
products. Generally, organic synthetic fibers used for tire cords are treated with resorcinol
formaldehyde latex(RFL) primer on the surface of the fiber to improve the adhesion to
rubber. Changes of adhesion between rubber and tire cords might weaken as temperature
rises due to overheating of car engine and friction with road. In this study, the effects of
temperature on the primer treated polyketone cord/rubber composites and the changes
in interfacial adhesion were investigated. Polyketone cord/rubber composites were pre-
pared after RFL solution treatment on the surface of polyketone fibers. After that, com-
posites was thermally aged at different temperature conditions(60, 80, 100, 120°C) and
times(1, 5, 10, 15days). The adhesion strength of polyketone cord/rubber composite
treated with RFL primer was higher than untreated composite by more than 3 times. After
heat aging, the adhesion strength of untreated polyketone cord/rubber composites in-
creased while the RFL treated polyketone cord/rubber composites decreased somewhat.

Keywords polyketone fiber, fiber/rubber composites, resorcinol formaldehyde latex
(RFL), thermal aging, interfacial adhesion
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Table 1. Properties of polyketone fiber

Table 2. Composition of natural rubber compound

Component Weight (g)
SMR CV-60 170
Surfur 49
Zn0 35
Stearic acid 7
CaCOs 400
Aromatic oil 56
Antioxidants 7
Rosin 21

Fineness Strength Elongation
(denier) (g/d) (%)

1032 16.9 6.18

A A Fel SMR CV-60(Standard Malaysian
Rubber)oll H7A 9 7k £214] 59 H7HIE ¢

skl

2.1.3 Primer

2713 A 90 I O] ARAL o]7] oEA B
ololZE Az Aol M AHEH I & vinyl pyridine
latex(VP latex) & A 7}5lo] RFL 8L A %5192
o 1 24JH]E Table 30 YRl o] of AHEH
VP latex Al 2¥ RFL $-99] 22 Scheme 17
Scheme 290 YEFH AATHO,

2.2 RFL primer EHX{2|

Z2A|E FEA} | RFL primer #2]& Table
3o Uebdl 249 RFL &40 ZEAMS 3% AR
% 230C= A2t ZHEFA.

Table 3. Composition of RFL

Component Weight (g)
RF solution
Resorcinol 16
Formaldehyde 7
Sodium hydroxide 1
Water 200
Total 224
Final dip solution
RF solution 224
VP latex 160
Ammonium hydroxide 5
Water 120
Total 509
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Scheme 1. Chemical structure of vinyl pyridine latex.
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Table 4. Thermal aging conditions used in this study

Temperature 60 80 100 120
()
Time (days) 1 5 10 15

2558 2M
2.5.1 M EY

ZoAE AEAY IR FRE/A2 Figure 29 Y
EbH ASTM D4776 +F2 o] wtet Al 2% H-test A4
S WA EAE 7] (Instron 4467) AHg-3te] 125
mm/min® crosshead speed® SA3sFA . 4 10
N o] Al S S 5t0] Batgh= el ew,
A7 s Aot A7 2 EHA Uit 2 st
F(kgh) o2 A4St

2.5.2 BH 35tx M

Primer # g 39| Za|A|E A9 1
of Mg} gl dAje] & B = shetzsd
flato] Fefo Wt HoJH FFEA

Transform Infared Spectroscopy: FTIR) & ALPHA

Scheme 2. Predicted structure of resorcinol formaldehyde latex solution.
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Figure 2. Schematics of the H—test sample.
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Figure 3. SEM images of polyketone cord (a) untreated, (b) RFL treated, (c) cross—section of untreated, (d)

cross—section of RFL treated.
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Figure 4. FTIR spectra of untreated and RFL treated
polyketone cord.
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Figure 5. Adhesion strength of polyketone cord/rubber composites (a) untreated, (b) RFL treated.
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Figure 6—1. SEM images of fracture surface of polyketone cord/rubber composite after H—test (a) untreated, (b)
RFL treated, (c) untreated after thermal aging(120°C, 15days), (d) RFL treated after thermal aging(120°C, 15days).
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Figure 6-2. SEM images of fracture cross—section of polyketone cord/rubber composite after H—test (a) un—
treated, (b) RFL treated, (c) untreated after thermal aging(120°C, 15days), (d) RFL treated after thermal aging

(120°C, 15days).
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Figure 7-1. The C1s peak in the XPS spectrum of RFL untreated polyketone cord/rubber composite after thermal
aging (a) unaged, (b) 60°C, 1day, (c) 60°C, 15days, (d) 120°C, 1day, (e) 120°C, 15days.
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Figure 7-2. The C1s peak in the XPS spectrum of RFL treated polyketone cord/rubber composite after thermal
aging (a) unaged, (b) 60°C, 1day, (c) 60°C, 15days, (d) 120°C, 1day, (e) 120°C, 15days.
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Table 5. Relative contents of functional groups on the polyketone cord surfaces

Relative content of funtional groups(%)

Samples c=C c-C c-0 c=0 C-N/C=N
Ulunaged) 33.67 37.93 16.94 11.46 -
ule0c, 1day) 16.94 38.12 21.04 23.9 -
uleoc, 15days) 20.63 58.25 12.25 8.87 -
U120, 1day) 37.68 30.34 27.9 4.06 -
u(1207, 15days) 25.97 53.53 11.68 8.82 -
P(unaged) 15.88 51.16 18.6 6.75 7.61
P(E0C, 1day) 19.1 51.13 14.12 6.82 8.83
P(60C, 15days) 23.63 37.09 18.7 10.2 10.38
P(120°C, 1day) 9.43 64.51 11.92 8.73 5.41
P(120CC, 15days) 9.56 49.11 27.06 4.24 10.03
ol § BeAS nmke RS2 2l Ste Ao yerdet as vikshd v A
ok 22 EollE &I 4= Slvk. RFL vl A 2] AJH 2] 7 H| sk RFL AgE Al HS 700CAA 9 dRrEE
S ARG 2rE w3t A - T v SEhANE H B oF 5~Bwt% A& =715t}
2Es 3 $of S 4TAHLE Yozt o] = XPSE4]
Avte} ] %54 w8} Ao C=C Ago] AR 1 Ak}
getey A Bk o 224 7 A% 9 st ¢l C-
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Figure 8—1. TG curves of polyketone cord/rubber
composite after thermal aging.
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Figure 8-2. DTG curves of polyketone cord/rubber
composite after thermal aging.
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Table 6. TGA data of polyketone cord/rubber composite after thermal aging

Samples Tas% (C) 3 Trax (©) ond (75(?%',‘1;?%)
ue? 307.1 388.3 - 31.91
u120-159 307.7 384.2 - 31.73
PO? 274.3 281.3 433.6 37.26
P120-159 279.4 287.8 437.8 37.72

a) U0 : untreated—unaged, b) U120-15 :
P120-15 : RFL treated—(120°C, 15days) aged
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