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A Study on Friction-induced Surface Fracture Behaviors of Carboxylic Acid
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ZIAA A=, yotzAds) opg Al 28 9397} QAEAY Zine ion3 carboxylic acid group e
ionic cluster 342 1550~1650cm™ ¢] zinc carboxylate group stretch 3] 3] FT-IR ¥4 A= F<ls}
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Abstract: In this work, we observed the effect of silica, zinc oxide, zinc ion coated silica on carboxylic acid
modified styrenic thermoplastic elastomer (m-TPS) film for friction-induced surface fracture. m-TPS film added
general silica showed poor mechanical properties, anti-abrasion and friction-induced surface fracture, caused
by strong filler-filler interaction of silica. In case of m-TPS films added zinc oxide or zinc ion coated silica,
mechanical properties, anti-abrasion and friction-induced surface fracture were improved due to forming ionic
cluster between carboxylic acid group of m-TPS and zinc ion. Ionic cluster were confirmed by FT-IR analysis
that observed zinc carboxylated group stretch peak at 1550~1650 cm.
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o o] 9t} i d7laA BAAE TRERS 74423 A A (styrenic thermoplastic elastomer, TPS)= 7

7};11:4;\1 283 suds § 510].0:] 7heize] WIS 2ol 4 Zg]2E]3 EZ(hard phase)?} AtAEH(ZEH

E3) 7tw Hl7lazt 43 Addko] sbsal A %L%ag_:} 2 Bl 5) ES(elastomer block)©] 2] (phase-sepa-

Qe A4 TEA 240l ojn] A8HE g  mted) TES TPAT G20l glassy Feil Fe] Bl

E50] &84 7lalphysical crosslinking) &<
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o] FrejHo] &= o e M= A7k A9}
= ZEAS 7HA B dEE A>3l ThsshAl
o o2’ TPS= Abaab cloid7AH, lElg]o] =
Z, A=EFRE g, FH, yo|Z, HF 59 A&
2 B oA} of=BE AAEA, HEAA, HAYE, F
Yo A, AR 5 A 2 AG 2AE2ZA 2
AREEAL T 53], ek ol FAo] Hxtdh
2 APor AxFHe Jtu 1FE ALEAES
15 AESEEeE AT ¢ v Aoz
ofAlo} A AL FAloR A BAI HojgAW 1
Fob mlasiA e UintRAgd e3kFow E 3o
2 oA g9o] g3 o Mol v (Marking)©]
LA = A el obEdt 5o dF A7 Al
T A 8E A ITH5-7].

TPS, -e€Al D744 ©HA3A|(Thermoplastic urethane,
TPU) 52| Gk @AY A9 A4 rEg=
AL 2 ol oM T E = mRo] v HEA
HEHel vido] BAEE 2ol § 2 2AIARE vk
HEE S Wyoly el & AFE A ol Fo
AA Fapal = Aotk

duked ol B4 AME 9% 1wl
MozH At WhE B BY M A7 o

sHAl o] FolA skt ANl HEvte ®Wo| S47]
Q! silanol group (-OH)°ll &+ 7323t filler-filler inter-
actione A S ASAA E4 B EHRTOE &
TEEN AHEete 23|y =40l AstEHe SAS
LERAT

Ag7ke] 4k 548 M) et tiEdos
AAAZZATE AFSEAA stk AuASHAE &
EHRo) alkoxy group} organo-functional group= Zte=
o] alkoxy group< |7} EHE| silanol groupd WH-
3t QEATE siloxane A%< FAAIZI™M  organo-func-
tional group< & 7ln Aol 1F-<o} A3 filler-matrix
interactions XA AEj7te] S Eola 1T
o] A= S A3AA At RAEE asFe
2 FOA7E Ao BuEo] grhg). shAut
2 BAAY A Sl Y3 rtwddde] flan A=
48 FAA QoA ATBAZLZAE AFHE DA
7] Wl E7kad edA ol thdk Aol FA st
o] &3l A7t EHE] silanol
group¥} WHSAZI o =M AE]7}9] filler-filler interaction
& panzozH Aelztel B4 M AT} By
2 ATH9,10]. =%, maleic carboxylic acid, citraconic
carboxylic acid 522 HAE 1Tl Zn, K T F5
S HSAAA FAHE metal-carboxylic acid complex
9] jonic interactionS ©]&% ErIEA EAAAVE AR
= AoH11-15]. ol=lgk degf7te] &4 7H4d3 ion
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Table 1. The Formulation of m-TPS Films

Material TPS-1 TPS-2 TPS-3 TPS-4  TPS-5
m-TPS 100 100 100 100 100
Silica - 10 - 10 -
Zinc oxide - - 5 5 -
Zn"" Silica - - - - 15

ic cluster 845 &3l TPS EdAe *& urt=dy
TR F o= mpE A o] vaEo HE
ol Pk (Marking)o] A HE EAE AAANE 5
S Ao R J|thE o]zt

wEkA] B Ao A = carboxylic acidZ ®/d%E SEBS
(Styrene ethylene butylene styrene block copolymer,
m-TPS)ell A g}7}, Atglotdd, ofdo]o] IR EH A7}t
& A7kste A7ty B4Hd-E 7NASEAL donic cluster
& ¥A%t v EAVE A" A 2L AAE
TPSE & T U WHEs AT

2. 4 ©

21 A M=

B Aol AMHE-E m-TPSt Asahi-kasei chemicalsAloll
A FFHe carboxylic acid modified SEBS (4% : 84
A, carboxylic acid number : 10 mgCH;ONa/g)E Al-&-3}
At g7 SolvayAtell A Full == Zeosil 175 (M
EHA ¢ 155 m/mg)S ARSI Aksloladl e Y3}
stE oA FrjEE KS-135 AFESITE ool
o] Z¥ % AE]7li= Asahi-kasei chemicalsAtoll A &5

olA A-gHAT

22, ME M=

m-TPSe} H7HA|E cam type rotor’} F2E UFE &
2t7](Haake Polylab 3000P)E ©]-8-3t rpm 50, 130°C2]
ZZ94 15 min §F EF3IHL BT W4 F &
ste] Az Th B AFolA AxF TPSe RA8E
Table 19 YEMNSATE m-TPSS] carboxylic acid group®]
A7} Akl miX= FEe BE3) 8 Aelgks
10 phr 3715+ 2 H(TPS-2), AF8lold 7ol WE zinc
ion?} carboxylic acid group 3+ ionic cluster =2} ©]
o Wg FFE HEr] 98 4stordE 5 phr H7}
alo] WiE-S A=A THTPS-3). =3 Uuk Aglziet
skslold-S Z4zF 10, 5 phr H7F8FE S (TPS-4), oFd
ol o] IEH A7l Ut WE HIto] mE IF
< BEsy] Qs ofdole IEE AesHE 15 phr H
7tete] wlEE-S A3 THTPS-5).

Az"H MTES 60°CE FAHE AFE Az7) A
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Figure 1. Marking test apparatus.

12 h A% 3 Arburg (850-210)Ak2] AFEA & 7]0lA A}
=3l AlHE AxsAT AFE2%EF hopperel Al noz-
Ze7HA] 130~160°CE AAsAoH, 3382 F2o0=
AR, 580 948 FUF TS 1 min F A
< o3Pt F& cavity =7]17F 40 mm x 120 mm
x 2 mm (F x Zo] x ZoN]l FFLE o]&st] A4
Zrg e AlH-E A =3

23. 3
23.1. AN EFEH

Carboxylic acid group¥} Zinc ionZ+2] ionic cluster &
e #2lstr] 98l JASCO 6100 FT-IR Spectropho-
tometerE AHESIATE AIE 22 H L) H9 4000~
650 cm’, resolutione 4, 30 scansE 7|E o= P
modei= ATR ¥2]& A3 T

232. 7143 A &3

ZIAA = EAs7] S8l 2 50 Al@ el of
3} cross-headspeedE 9 500 mme] £EZ 3]
W5 Al ¥ 7](Universal Testing Machine, Instron, UTM
3345)% ol &3ty 4% T HHFS FHSIATh

nEEAS SA317] 918 NBS PR A3 7](Daesung
Tester, NBS Abrasion Tester)S AH&3le] =433 o
NBS WrtRA L o359 Ao & ALEIT
R1

NBS abrasion resistance (%) =75 < 100 1)
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Figure 2. Mixing torque of m-TPS with formulations.

o714 R1-& A&BHo] 254 mm vlEEH=H Q3
3 Hola R2E UEE 7|E AIPHERMA)O| 2.54
mm UFEE =Y Q3 S| H 4ol

Mot

nAER S8 S8 AA B AT fAE =
AeA Atk Z3e] viA 58S B7HE & A= Figure
T2 4 AXE AA AA - LS

[16]. B3 F w1 AA B o dojAA & HF7]
Al BEHozE MR E 2AmgHNA vl
) AR5 98 7heliAe 4E, roEAse £ 9
FHA A)S SAYHEN TS T3 A
A Ao A 20 kgflem™®] 300 mm/sec EEE A3
HE 20 em At AR ofa™ ol npEd &

He tAY SR ZFYste] Hrisith

N

B ot

3.2 I nE
3.1. HiE E4
A7 Aol @& m-TPS HiY S48 E<lstz] Hs)
REg7)o del= ELd(torque)s EIAIE R &
etk A £ Eea =48 Figure 29 W
AT =3 m-TPSQ! TPS-19] 7% &8 wigd A
A=7F 543 HolAle AR Yepgton duk A
7} BY3 TPS29] A% 7] Eoas AW A
ZHaEo] 3 min °]F &% m-TPSYHS £33 A5
oF AR EQIvt dETth Aslolds By
TPS-33} ofddol o] FHH A7HE FUT TPS-59]
749 3 min °|F EAV} VS & F Tt oy
3t EQF9 F7F= m-TPSY| carboxylic acid groupd
zinc ion®] ionic clusterE F3t] m-TPS wjEZ9]
AEE =ole 8395 Ueido] B9 J71= oo
A Aoz AT 4 Qo
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Figure 3. FT-IR spectrum of m-TPS films with formulations.
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Figure 4. Stress-strain curves of m-TPS films with formulations.
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Figure 5. Mechanism of ionic cluster between carboxylic
acid group and zinc ion coated silica.

32. MM BEEM

m-TPS®] carboxylic acid group¥} zinc ion 3+ ionic
cluster @AS FT-IRS st &43i9em, ol&
Figure 39l YERAATE TPS-19] FT-IR £4] A3z H
1710 cm o419 carboxylic acid®] B4 3 =S &<ls}
At} Zinc-ionomers 1585 cm'ollA B4 ¥ 3E e

e AR By QJeH[17], Akstotd s ofdol
20| Z"E Ag7tE FY3 TPS-37% TPS-59] FT-IR
spectrum®l| A 1710 cm' ol A1 9] carboxylic acid®] S
37 ZAEHEA 1650~1550 cm” G A zine car-
boxylate group ¥ 27} YERFE-S F3F ionic clusters
FATEs st

33. 7141 2=

Figure 40 ZF AlHe] 3y A4S YepUTh
=48 mTPSERE A1 TPS-12] 4% 135 keflem’
o] A= vERTh At AE7E HUKeE TPS-29
73%- 108 kefiem’e] AFFER Fhashe S veh)
Ak o]= m-TPSY| carboxylic acid groupt AE|7}] &
H silanol group 7Fe] FAA%S FAHA X3l A
7Fe] agglomerate$} ©]= <1k A A skel 19913
A. C. Yang 5°] HIIgh uie} o] dejztel 7149 A
HZEe| damage zone©] BAE 01|77 wfFol A B
33 AR AgE AUkl = Eeka 1%
BE7t Aashke Zlow AZETHIS)

AksloldS H713E TPS-32] 7% 147 keflem’2] %
ZE7F e o= m-TPSS] carboxylic acid group©]
zinc ion?2] ionic clusterg BFAFOEH AL =7}
S7HE = Aoz dAEh

dut Ae7te} Akstolds Al H7HE TPS-49] 7
130 kgflem’®] QAR EE 453 TPS-101 A+3}
olARkS H7FgE TPS-39 wvlal AAZ=7F GHA e
Wt} ©l= m-TPS®] carboxylic acid group®] zinc ion¥}
9] ionic clusters FAstrlgt= IRk Ag7Rks A7t
& TPS-29] 799 wi7HA = dE)7ket m-TPS 3+
filler-matrix interaction= B/33FA| X3l A7tk 71A)
o] Amzre] damage zone©] FAE (A7) WEOZ
Azt

ofdol o] IHHE AHErtE H7FF TPS-59] 7%
165 kgfem®®] AAAEZ 718 A UEREED m-TPS
9] carboxylic acid group®| zinc ion¥}2] ionic clusterS
g3 FAloll Afiller-matrix interaction©] ©]F0]A]7]
ol AAFETE F7ehe ACE AT Figure 5
o m-TPS2| carboxylic acid groupd} ofio]2o] FEH
A7} 7H9] ionic cluster FA4 WAUSES UER|ATH

33. 012 §4

ZF Al e] NBS PR 374 ZA3E Figure 60 YERY
Aot =5 m-TPSERF AAIFEHR TPS-19] 4%
NBS PFEE&°] 101%= @2 uvtz 548 Yelfd
o} 9wk 2877 H7EE TPS-29] 79 NBS mFRE9]
100%= TPS-13 FARRE W= §4S YERAIT ©]
= B SHAR Aelgt #rlels st AE
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Figure 6. Stress-starain curves of m-TPS films with formulations.
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A kol Ag|7ke} 71Ae] AHZEe] damage zone©| 3
AE o)A 7] wjZel WrtEAo]l MAEHA v Zo=E
A ZrE T}

TPS-39] 749 m-TPS<] carboxylic acid group¥} zinc
ionZ+2] ionic cluster FA S Z NBS U}lEE°] 151%%
F7Vsk= AEe UEhdith gt Aezke) 4kslotd
<= A A7FRE TPS-48] 7% NBS WREE°] 113%=
TPS-3¢l Blall A3tE e ol H7hd dnt A7t
7} BEAbAdo] YAl filler-matrix interactionS & Al S}A]
23t7] fjEo 2 dAdHET, ofdolo] IHH A7)
5 H7Fs TPS-59] 739 carboxylic acid group¥} zinc
ion7t2] ionic cluster AT F Al filler-matrix inter-
action F4-& T3+ NBS vlEE0] 202%= SVt

Ao Uehgit

34. 012 EM

Zt Ao v B4 54 2AAE Figure 791 UERY
Ak Wretr EAo] @e &% m-TPS?! TPS-13 ¢
W A7y A7 TPS-29] A9 Sl Ha A
ulHo] ol AAEAY. Atslold-s HIEgE TPS-39
A5 AEHA AAkgE FHHo] TPS-13 TPS-200 HIs|
ZolH+=H zinc ion 72 ionic cluster XS 53 <=
HER1 2 ol gt npEAEs FUHAT)7] WEo R
HoHED ofdo| o] IHE AE)7IE A7 TPS-59
745 ASH dAbE gHo] 7Y AA EAEHA
o]= zinc ion 2] ionic cluster 433} filler-matrix in-
teraction B4S Sst] WrtRAA =1HA] F 3o
et wpRA Fro] SUE7] WEo® AZET

zk Ao vt AlE & AIFEHE Figure 89 YEL
WAtk =43 m-TPSEY AAEo{Z TPS-12 #H
7t A EAAEEA AH sidho] BAEHAT
gk A7t H7EE TPS-29] % Al EHo
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Figure 7. Marking characteristics : (a) TPS-1; (b) TPS-2;
(c) TPS-3 and (d) TPS-5.

(d)
: (a) TPS-1; (b)

Figure 8. Specimen after marking test
TPS-2; (C) TPS-3 and (d) TPS-5.
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Lo

M a2 ATl A= carboxylic acid modified
SEBSell A7}, AFsloldd ofdolRo] :EHE e
7He H7bsl B4 WIE #Esith

gt HEFHE H7Ee TPS-29 A9 &8ul Al
m-TPSS] =7} 543 ol Azt #4Hde] 2
m-TPS2] carboxylic acid group®] A&]7}2] silanol group
I AE FAsHA X3l Azkel 71A1e] AR 1he
damage zone©| FAE ZAA ZE, WrtRA, v
E4o] AAHoE Tahshe ACE Uekyth 4kslor
A HUKSE TPS-39] 7% m-TPS2| carboxylic acid
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A e, WrtrA, vl EAo] A=A Iy A
7kel AtslotdS A H7IEE TPS-49] 73-%- carboxylic
acid group¥} zinc ion ZF2] ionic cluster A= TEEtE 4
2l7ke] e R} filler-matrix interactionS FAIS)
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