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Abstract

Terpene-modified phenolic resins were used to improve the tires wet traction related to the driving safety and also rolling
resistance related to fuel efficiency. In this work, alpha-pinene, beta pinene, and delta limonene resins, which constitute differ-
ent basic structures of terpene-modified phenolic resins, were individually added to the tread compounds of tires and their
physical properties were compared with those of the alkyl phenol resin compounds. Alkyl phenolic resins showed no sig-
nificant difference in tangent delta from terpene-modified phenolic resins at 0 “C, which is related to wet traction, but showed
higher tangent delta at 80 C, which is related to rolling resistance, indicating smaller fuel efficiency improvement effects.
Among the terpene-modified phenolic resins, beta pinene one showed improved wet traction and fuel efficiency compared
to those of other resins. Delta limonene resin showed the best wet traction improvement effect, and alkyl phenolic resins
showed relatively high tensile strength and abrasion property. All terpene-modified resins exhibited better rolling resistance
than those of alkyl phenolic ones so that they can be said to have better fuel efficiency improvement effects and also to
improve other properties compared to those of blanks. Terpene-modified phenolic resins could be used when mixing tire com-
pounds referring to the properties of the phenolic resins revealed in this work, which could result in preparing compounds
with improved wet traction and rolling resistance.
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Table 1. Property of Prepared Phenolic Resins
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Dropping point (C) Softening point (C)  Solubility in hydrocarbon Density Molecular weight
Alkyl Phenolic' 140 135~150 Soluble 1.02~1.04 180
@ -pinene’ 120 115 Soluble 1.02~1.04 1,000
B —pinene3 120 115 Soluble 1.02~1.04 2,300
d-limonene* 140 122 Soluble 1.05~1.07 1,100

! Koresin® (BASF, German), 2 Dertophene®A115 (DRT, France) ,
shgo] AojF oz A2 AAlE T AAl(treated distillate aromatic
extract, TDAE) QU= FH¥TH1,2]. 2010\ -FHATS ol 23]
Ql PAHs E4-5 10 ppm ©)/d &3l Qi T2AM A QA2 AL
9 olelgh 9& ARgakal Sl Eolold s SAIAIZATH3-5)
o] wizell 7]&2] Elolo] AdelA BE AHE-E= DAE LU AME-
& = QA =WA, PAHs “3#°] 412 TDAE 2.Y& ARg-stolof gt
t}. 38 TDAE 292 &3 DAE LUKt} 1T 71aAdo] "o
A Efolof o] 8 oA A Q= YIE EZX(wet traction, S
LA 24 HgAd)o] 7]ERT} wolx]= A7 Sltk. Bonnieh
Terrill:> 2~E]dll F-Ejr]dl 1159} PAHs “dio] B WS 2dy)
PAHs “dito] 2> Y2 E]|Y(naphthenic) 2.Lo] A% Efolo]o] A
& Hlwaty, PAHs Ao] ol wighe efolojrt vz o du
o} g3} ofo] A EdM(ice traction, A2olA 24 P AE
EZMo] ¢ £ ZiE BUH6). Elolo] AFARES TDAE 2
S AHEsHAA E EAI 54 rolling resistance, EFO]o17) =
gz o SAEE S Mdsks WS 3 1, o3l whkEa
|12e93oleke A= Zdtee EEF] S40A 7 7 SAE F
Joll HFHA7E 2 A5 ke sk ok 123 4,
A2, Follx] A= L QL= Elolo] epllE Alwe] g &Rt
ghilo] AJE Eloloje] FEAE U E ENAG 3 A A=
s ddstal AEE 4= QU HHA, Elolo] &4 JiAdel digh Al
ZAFEE] BAL B AR Qi) 7] Efolo] e Adst
7] A& Al T FZHA5H %}u—r"ﬂ/ﬂ A= SR 2 itk
5 FE3ok3 GAste] 7= Hl23 /A s $7(terpene modified
phenolic resin)& AHE-sFIL Qltk o] zAFAA FE=H 23 of| AH|
2 FAE A 5 9 gElae] HRAE xolr] fls Aokl
AL "HE23 A sl FAE ERolofol o] e AL Hol
‘34 o % HE=H /A Hm A7) Efelo]d] Aol WEE e A
g wAYSS BEAA eETHT-9].
O] AlFE At AfollA 58 Hlis 7A 9 g2 71 dlE 5
A ahol mEete] Migarel 54 wgE Stk v 5
A= Eolold] BAF A2 Wol AHgEE 4 = A(alkyl phe-
nolic resin)E A E5I31 1, H 24 /12 HE A= HE2H 7o 7]
F70] = &3 H\l( @ -pinene), HIEF I (S -pinene) ) HE} 2|5
Jl(d-limonene) =45 A BT o] Al Aut HE =29} g2
o A Him A9k 24 2telE vlasta, HEA R HEs FAE
TAgehe B o] Fxel mEhA] Eleloj7k eekE B0l ofEAl
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3 Dertophene®8115 (DRT, France), 4 Dertophen®L120 (DRT, France).
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Table 2. Material Composition of Prepared Compounds (unit: PHR)!
Material Blank Alkyl phenolic a -pinene B -pinene d-limonene
Buna® VSL5025 70 70 70 70 70
KBROI® 30 30 30 30 30
Zeosil® 200MP* 50 50 50 50 50
N234 black® 10 10 10 10 10
Si69° 5 5 5 5 5
Vivatec500’ 20 20 20 20 20
Stearic acid® 1 1 1 1 1
6PPD’ 2 2 2 2 2
IPPD"? 1 1 1 1 1
T™Q" 0.5 0.5 0.5 0.5 0.5
Antilux654' 1 1 1 1 1
Alkyl Phenolic 0 8 0 0 0
a -pinene 0 0 8 0 0
/3 -pinene 0 0 0 8 0
d-limonene 0 0 0 0 8
ZnO" 3 3 3 3 3
DPG™ 2 2 2 2 2
CBS"” 15 1.5 15 15 1.5
Sulfur'® 15 15 15 15 15
Total 198.5 206.5 206.5 206.5 206.5

! Part per hundred parts of rubber, by weight; % Solution SBR: Vinyl 50%, SBR 25%, TDEA 27.3%, Lanxess German; ® Butadiene Rubber: Purity 100%, KKPC (Kumho
Pertrochemical Co.Ltd.) Korea; 4 Precipitated Silica: BET215 (mz/g), Solvay Korea, Korea; 3 Carbon black: Todine Adsorption 120 (g/kg), OCI, Korea; 6 Bis-(3-(triethoxysilyl)-pro-
pyl-tetrasilane: pourity 99%, Evonik, German; 7 Treated Distillated Aromatic Extracted process oil, H&R KG; ¥ Stearic acid 65%, Palmit acid 35% LG chem, Korea; ? Kumanox"
13: Melting point 47~52 C, KKPC, Korea; 10 Kumanox® 3C: Melting point 70 C, KKPC, Korea; "' Kumanox® RD Melting point 65 C, KKPC, Korea; 12 Congeling point
65 C, Rheinchemie, German; 13 Purity 99.9%, SB Chemical, Korea; ¥ KUMAC D (1,3-diphenylguanidine), melting point > 144 C, KKPC, Korea; 5 KUMAC NS (Tetra
methyl thiuram mono sulfide, melting point 103 C, KKPC, Korea; 1 MIDAS Purity 99.9%, Miwon chemical, Korea.

OH HsC CH, CH,
HsC
CH, S
R CHs CH, H,C” SCH.
Alkyl phenolic a -pinene S -pinene d-limonene

Figure 1. Chemical structure of phenolic resins.
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Figure 2. FI/IR peak of prepared resins.
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Table 3. Mixing Specification by ASTM D3191

FA Fze] wE Fgus 24 Wt 313

Table 4. Performance Parameter as Temperature Region of DMA

Stage Time (s) Material Temperature zone (C) Feature Performance parameter
0~60 Polymer -60 to -40 T, Abrasion
61~150 30 silica, 5 silane, carbon black, -20 - Low-temperature properties
First pass - stea.nc acid . 0 to +20 - Wet traction
151~360 20 silica, 3 sllane, process oil, +40 to +80 ) Rolling resistance
antioxidant, Wax
o . +80 to +100 - Heat build-
360~dump at 160 C Resin ° ga ourcup
Second pass 0~270 First pass + ZnO
After 24 h Table S. Size of Specimen and DMA Operation Conditions
0~30 Second pass i
. Sp ecimen Temp. Temp. Frequency Strain
Final pass 30~90 Sulfur, accelator s1ze Mode control speed (Hz) (%)
g - (mm) () ('C/min)
90~dump at 130 C Finish
40 x 6 x 2 Tension -60~80 5 10 0.5

g A w2 oluA e} Hlgo] Sof b et v =
flaL, Ael7t elelo] 9] - T3 A] o] ﬂleﬂl n E*é%o z
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L, 1A E] 8 255 160 TR F83) 97] wiel 22 )
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A1 whiake] 2A7)(KDS-1, Korea Mtec.)®] 8171 A 2|~

Qs wigEtas AeFke SAME o] F948kal ASTM D 3191
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2.3. 12 HIEE M Alg dhd
wjgho] £ 5= dle »]E(MDR2020, Myungji) 2t T4 H=A
(MV100, Myungji)S AHg-ato] vigd=E9] 718hwe) 15 d5s =4s)
a, /\] Hg 719 Z 9| (Heat Press, Hyundae Inc.)E A3l 180 C
1=, 100 kg/em® Y2 S22 10 min F<t 71EISITh 718 AlES s
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2.4. M 7|HX 2M(DMA, dynamic mechanical analysis)
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Table 6. Mooney Viscosity and Rheometer Data of Prepared Compounds
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Characteristics Blank Alkyl phenolic a -pinene 3 -pinene d-limonene
Initial viscosity 141.2 115 115.9 107.8 115.8
o TS (min) 8:14 8:55 8:43 8:53 8:48
Mooney viscosity

T35 (min) 14:33 13:50 13:31 14:40 13:38

MLI1+4 85.5 77.1 82.2 71.9 78.6

ML (dNm) 8.4 7.3 7.6 7.3 7.2

MH (dNm) 332 29.5 29.6 29.9 27.8

Rheometer

Tc50 (min) 1:19 1:20 1:22 1:27 1:20

Tc90 (min) 3:51 4:20 4:35 4:32 4:18

Table 7. Original Physical Properties of Prepared Compounds
Blank Alkyl phenolic a -pinene 3 -pinene d-limonene
Tensile strength (kgf/cmz) 2,783 2,882 2,790 2,979 2,714
100%M (kgf/cm®) 568 582 570 483 502
Physical 300%M (kgflem?) 2,629 2,680 2,591 2,521 2,778
property

Elongation (%) 314 319 305 346 307

Hardness (shore A) 75 70 71 69 69

Specific gravity 1.227 1.222 1.219 1.218 1.217

DIN abrasion
Abrasion, mm® 127 106 107 112 112
DMA Graph

0.8

0.7

0.6

05

0.4

tan delta

03

0.2

0.1

—o—alkylphenyl
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Figure 3. The graph of tangent delta by temperature.
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Table 8. The DMA Property (Tg and Tan &) of Prepared Compounds
Blank Alkyl phenolic a -pinene 3 -pinene d-limonene
Glass transition, Tg, C -15.41 -21.43 -23.32 -21.49 -21.35
5 0 0.342 0.359 0.375 0.403 0.419
tan
80 0.153 0.198 0.165 0.153 0.162
7h= EA40] Qlan, 8 99 o]%9) i FHE Y (rubbery plateau e

reglon)OﬂlﬂJ tan 6 = FoTH JE EIM Aol Frha oidet
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r
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Figure 4. Performance diagram of prepared compounds.
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