J. of Korean Oil Chemists” Soc.,
Vol. 24, No. 1. March, 2007. 23~30

Resorcinol-formaldehyde resin®} 3% latexol] ¢}s %%
A29A Kevlar 479 31§ J& 54

o] 4T

- 199

FAs FFA2AEE

(20061 119 299 FHe ;5 2007d 29 24 A=)

Adhesion Properties of Rubber and Kevlar modified with
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Abstract :

Kevlar was chemically surface modified with resorcinol-formaldehyde(RF)

prepolymer and VP rubber latex for application to high strength tirecords. RF prepolymer
was easily obtained by polymerization at room temperature in the presence of a base
catalyst. The mechanical and thermal properties of Kevlar were not significantly changed
during surface treated under various conditions. The change of adhesion with rubber were
investigated through H-test method. Maximum increase of adhesion force between rubber
and Kevlar was obtained up to 40% than that of untreated one when the fiber was soaked
in RFL dipping solution and thermally treated at 170°C for 3 - 5min.
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2 OAEHEZ 93 Axg FHem
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[16-18] Fol ¥aA Urh

E APy E nZ¥, mgAd  aramidd
Kevlar 49 334 #9 MES& 58 A4

%ok AAHe waE nadr
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2.1 A2

2 AFe A" AramidA tirecordAlE
E TorayAtel Al AArE Type E956 1000denier
100% Kevlar A-/& 3%3td & AL A3
Atk AAE Aoz AMEE Al 2Kresorcinol,
formaldehyde, NaOH, NH,OH)& 9] Junsei 1
w AYE AA glo] ARsHATh AR latexe
VP latex® ®AE oA Fulste] wl]§}ste]
AFE-sHTH

2.2 RF #X[Q] M= ¥ 1 latex2te| gt

RF X+ 220 g9 resorcinolg 350 g9
formaldehyde &R (37%)9] of Azxd &
& 480 g9 FHF H/E T awrg dEA
6 g9 10% NaOH #&9& H7Mg & 587
o wgkgE & 2004 6AI7E SAAA AZ
At

£33 A" RF A Table 101 tiebdl
vk Zol RF 44 AA|(dip A), RF A<
VP latex® 2:1¢] H|2 &£ #3412 & 184
7+ «xdste] WE(ip B) 2 VP-latex A (dip
)9} Kevlar 434 dipping 3¥-& A=sty

BRI LR

Table 1. Formulation of RF resin and rubber
latex dipping solution

Dipping Water RF |VP-Late] NH/sOH
solution resin |x (40%)| (25%)
dip A 450 900 - 40

dip B 450 900 450 40

dip C 450 - 450 40

2.3 879 EHAY

RF % ¥ 3% latex® AZH 3 279
dipping &l 1 m Zo]9 Kevlar AHFE A2
oA Zhzb 187 HAANZL H=x Fo HFR
HE Kimwiped o] &3t9 443 4381 kg)d
74l A AR NG AMAS FH FH(weight
gain)o] 60% A= HA & F 150°C ~190°C
o] XM 1 ~ 1087 dAgste] EAA2
S AAFT BRE AEe J4 69y Ay H

g Fosick

2.4 2AHH

8 A9 Kevlar AF A2g ¥4 =
AF A= (kgy/mm)  elongation(%) AP
HounsfieldA}2] Tensilong AME3IG o™, A&
& 4o} 50 mmzZ A3l ZA31Y 1, load
cell?] FI35L 100 kg, crosshead speed:
300mm/min., sampling rate™ 2 points/sec®] 1

£

GerAA L TGA(DuPont 951) F4& ¢
Avetgd ew, air 7] F(10 mL/min)3tol A &2
£ 20T/ mnl® 3gct Ao dis 2%

RN
H1

A9 onsetZHE dojzieny ZF £
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WetelirA} ¢}
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em’, FALE = 232 gih

=g, ®9 AEH Kevlar A9 12799
Hag g S48ty 9A Fig. 19 veEd o
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7FEAA ZAL ANAL Azstad AHe H
ZEe A4 AA9 FAEE 2487 A A
£H Hounsfield*}] Tensilong A& &3 A %
2 FAZAAA AEsHey, & MEF 24
F Holx 37] o4 ANHE WEY FAH3H
f@ﬁ%k% AL&-stgi )

Table 2. Compositions of tire rubber for

carcass
Component Weight (g)
NR 60
SBR 40
C/B (GPF) 60
Oil (A#2) 8
Accelerator (CZ + DM) 2.0
sulfur 0.7
3. 4=z % ¥

3.1 Kevlar 879 sst 7 #H3}

Fig. 291 RFLel HX A7l Kevlar A&
170°Col A Z4zh 18 38, 58, 1087 9433%
¥ Kevlar A% W9 gtz wstg #
Z3l7] 998 FT-IR ATR spectra® YEY
th Fig. 29 (A)dA BXo] /MAsA ¥
Kevlar A4+ 3310cm ‘)4 amide®] N-H
stretching peak”}, 3000cm™ el 4] aromatic C-H
7}, 2900cm ' 2ol Al aliphatic C-H9) peak’}
#&59lth =8 1635cm ')A amide?] C=0
peak7} 27+ Z=2 et 15379 1514cm’
o} X amide®] N-H bending peak7}, 139%cm™
ol 4 C-N stretching vibration peak’} 275
Aok 2y ZEXEE A4S dippingd A
A9l &8t functional groupe] WEEI A u
% C-H ¥ pyridine 54 peak™& 7FA1 9}
o] 9] Kevlar ol B F U+ peaks}
Ao Zomz HAME By A HEHS
AT Fig. 30l Held M2 g8 2z o
A ALz A" Keviar HH9 TR spectra
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AT
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Fig. 2. FT-IR ATR spectra of Kevlar

Transmittrance(%)

Fig.
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modified with RFL for various thermal
treatment times at 170°C; (A)
untreated Kevlar, (B) 1min, (C) 3min,
(D) 5min, and (E) 10min.

4000

3500 3000 2500 2000 1500 1000

Wavenumber{cm™')
FT-IR ATR spectra of Kevlar
modified with RFL at various
thermal treatment temperatures for
5min; (A) untreated Kevlar, (B)
150°C, (C) 170°C, and (D) 190°C.
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3.3 Kevlar d®9 7|4y 24

Instrong ©¢]&3% Kevlar A+ Z79
dipping® ol soaking® F o Ay &9}
AZE 274 AEE HARY AAEE a9
Table 3o vER] AT

Table 394 Hi& viep Zo] At &

Kevlar d%9 4% #u JdAHA=E 1534

R LR

kge/denier .9, elongation 11.6% At N2
AgHE Kevlar /% Hd AFAEE 12 ~
1.3 kgg/denier, elongatione 7 ~ 11%=& A<
AAMS} AT

3.3 Kevlar 879 9 M3
Fig. 6°l= Kevlar A& dA8 &= u
A Fo i 94 449 ‘:ﬂﬁ‘ra 1o
= TGA thermograme WERSITH  Keviar
o AS AFAo]l FL F2E AL gl
2 ‘531 oz wW$ HAY HHE o 50°CH
B 237 dojilr] Alzst 2AsHA A B
AZE ¢ 4 Ao Kevlar 4+ RFL g
Bl <3 e ﬁoﬂL 300°C7HA & Nd -
A8 AHABL Holn], 3000914 600°C
oA ok 10% 75591 A #ar dEnd
Tol Al ANAFG vl R
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Alo]
o 600°C olite] &
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g dAsd A& #4987
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Fig. 4. Microscope images(x100) of Kevlar modified with RFL for various thermal treatment
times at 170°C; (A) untreated Kevlar, (B) 1min, (C) 3min, (D) 5min, and (E) 10min.
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(A)

(B)

(D)

Fig. 5. Microscope images(x100) of Kevlar modified with RFL at various thermal treatment
temperatures for 5min; (A) untreated Kevlar, (B) 150°C, (C) 170°C, and (D) 190°C.

Table 3 Mechanical properties of Kevlar modified at various conditions

Sample . Treatment Conditiqn » UTs Elongation
Dip Temp. (°C) | Time (min) (kgi/de.) (%)
unireated - - - 1,534 116
K1A dip A 170 1 1.525 8.7
K2A " 170 3 1.504 77
K3A " 170 5 1.519 105
K4A " 170 10 1.569 7.7
K1B dip B 170 1 1.550 79
K2B " 170 3 1.518 6.7
K3B y 170 5 1.537 8.7
K4B " 170 10 1.544 9.1
K1C dip C 170 1 1.512 76
K2C " 170 3 1.518 72
K3C " 170 5 1.571 10.2
K4C " 170 10 1.554 79
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Fig. 6. TGA thermograms of Kevlar modified
with  RFL  at thermal
treatment temperatures for 5Smin;, (A)
untreated Kevlar, (B) 150°C, (C)
170°C, and (D) 190°C.

various

L

3.4 =M JNEE Kevlar &

’ﬂ’—‘!‘ g4d
74 2004 FH R dAEE g
AHFE 9ol Table 20 Ve e} o =4
o2 AH=EFE carcass¥ AT} 7}%8‘}
H-test o2 A&9 1F9 7{3
34tk Table 3o vEbdl ulel z
dipping® 9] A% N s

el nFete|

o »—'—T
HRon RE A 93 latex
of AH&S o 30 - 40%9] %
BRI 28}, VP latex ghe
o 4 Sl dHe P& wel= 4~‘5’ll’4
g o] dadte AES Bt

L8 Kevlar 452 dipping9le]l I £ 4
e 25E 150°CoA 190°CE H3tsle] A
& e o HAE visE B2d RF &
A AAE Agst AS 190°Co A 587 2
7k, VP latex2 A28 A%+ 150°Col A 587F

_L

Table 3. Adhesion force of rubber and Kevlar tirecords modified with RF and/or Latex

at various conditions

Sample Treatment Condition Adhesion Force A (%)
Dip Temp. °C) | Time (min) (kge)
untreated 45634187 B

Kevlar
K00 -, 170 5 4232169 -7.3
KIA dip A 170 1 546.1£47.0 19.7
K2A 170 3 537.1£28.2 17.7
K3A 170 5 561.2+23.3 23.0
K4A 170 10 585.9+59.0 28.4
K5A 150 5 557.2+13.5 22.1
Kb6A 190 5 607.6£61.2 33.2
KI1B dip B 170 1 620.9+21.6 36.1
K2B 170 3 620.0£14.2 35.9
K3B 170 5 632.6+17.9 38.6
K4B 170 10 630.5£43.4 38.2
K5B 150 5 553.9+15.4 21.4
K6B 190 5 620.2+42 4 35.9
K1C dip C 170 1 604.3+35.7 32.4
K2C 170 3 626.7+43.7 37.3
K3C 170 5 586.5+25.4 28.5
K4C 170 10 523.3%6.1 14.7
K5C 150 5 596.4£25.1 30.7
K5C 190 5 559.7+13.6 22.7
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A7t AR $4sgen, 22 418 RFLY Kevlar A§ EHoz Fotoz uFee HE
AL= 170°C A 5E-F A7t A 40% A e Aad £ e #AnA AARoe®E 170°CH
ol A&E =712 ehdch A 3-58 BE dx ge 97t Mg 5

HR=s
Fig. 7% Fig 8 H-test® stx @ th2-9 3 A2y S Ve

(A) (B)

(D) (E)
Fig. 7. Microscope images(x100) of Kevlar, modified with RFL for various thermal treatment
times at 170°C, after rubber adhesion test; (A) untreated Kevlar, (B) lmin, (C) 3min,
(D) bmin, and (E) 10min.

(A) (B

(c) (D)

Fig. 8. Microscope images(x100) of Kevlar, modified with RFL at various thermal
treatment temperatures for 5min, after rubber adhesion test; (A) untreated Kevlar, (B) 150°C,
(C) 170°C, and (D) 190"C.
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