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ABSTRACT : We synthesized thermoplastic polyurethane elastomer(TPU) with acid group and nano zinc oxide, and charac-
terized their mechanical properties, thermal properties, contact angle and grip property. The effects of the zinc oxide content
and size on the physical property of TPU were investigated. When the nano zinc oxide was introduced in TPU with acid
group, it had excellent mechanical properties and grip by formation of hydrogen and ionic bonding. The wet slip of TPU
with zinc oxide was increased continuously as ionization rate increased due to increase of hydrophilicity and ionic interaction,

and mechanical properties were increased with increasing ionization rate up to 50%.

Keywords - thermoplastic polyurethane elastomer, nano zinc oxide, secondary bonding
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otk Ze)eygte seHow Syg ARS I shast uEF SRR o] FAXQLE ATl F B 45T
I Qe A FEERA A FAV(-OH)E ZHal Qe 9 gy A Foll A% A Fole walo] FolA
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Hhg-stel 4 k! Ze)-ellt '3 A (polyurethane elas- Z9-gek2 Adutd o2 A4, vy, ZetAlH, 22 E,
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1. M=

A7t ZE)eeElers Alxsh7] 918l polyol 2= DT-3550
(AANPG, MW:3,500, thelsz2]m)& ARg-atglom, 94 e
AFHZRE 60~70 CollA 3AIZE &2t B3xaA 25 A7t
ST}, 4,4’-Methylene bis(phenyl isocyanate)(MDI, Bayer material
science)<- isocyanate 3I%F0] 33.6%%! A& It & F717
Q1 AT glo] AFE-5F ™, chain extender= 1,4-butane-
diol(MW:90.12, Sigma Aldrich)& AM-3F3} Acid group= &=
Q13k7] 13l carboxylic acidE 335 DMBA(2,2-bis(hydrox-
ymethyl)butylic acid, MW:148.16, Sigma Aldrich)S 48331t}
ol AE £31517] 98| zinc oxide® acid groupS 53}
o F3}o] A3 A F 2 nano zine oxide(20~30nm, yakuri
chemical)2} A RE zinc  oxide(0.4~0.5um, songwon chemical) S
AHg3I9ie,

2. dg

oo

Y

wRE], BZ7], 257, dropping funnel, Ny 8% 7F %
215 kettleol] DT-3550, DMBA, 1,4-butanediol & 3 %3}17, 11
0CE F2A7A 30337+ wrksto] & &3t 1 the A%
TA] 3=l MDIE @2 Egate] A7k E9%
aﬂ%—% A zach Z29-we S A 1000 ipme] L£EE
283k H&é}ﬁzﬂ% HHSEO] U 255 90T7HA] A3t
F Eof 331 90T ovenollA] 12417 &9k
. AIZ=F acid groupe] xEE EE]¢-dEke] o]24

E91517] Y3l zine oxideE A3 .M, zinc oxide F

Table 1. Compositions of Thermoplastic Polyurethanes by Filler

Types (unit : g)
Materials TPU-0 TPU-1 TPU-2 TPU-3 TPU-4
DT-3550 130 130 147 130 130
DMBA - 1.78 1.92 1.78 1.78
Nano ZnO - - - 0.5 -

General ZnO - - - - 0.5
1,4-BD 14.1 132 13.07 132 13.2

MDI 52.55 5255 5255 5255 5255

Acid content (wt%) - 0.3 0.3 0.3 0.3

Table 2. Compositions of Thermoplastic Polyurethanes with Various

Zinc Oxide Content (unit : g)
Materials TPU-5 TPU-6  TPU-7  TPU-8
DT-3550 130 130 130 130
DMBA 1.78 1.78 1.78 1.78

Nano ZnO 0.25 0.5 0.75 1
1,4-BD 13.2 13.2 132 13.2
MDI 52.55 52.55 52.55 52.55
Ionization rate (%) 25 50 75 100

%] ¥ haake rtheocordE AHE-3l1A4] 160 CollA] 10+ &F =315
Atk o] F A= FAE Rl 2ABE A EEeEE Al
HE Axsiglon, A= %Et nozzlel|A] die7}4] 150/160/
170/180CE AF&3F3ITE. Acid group ¥ zinc oxideE =
A7 £ 9w 242 Table 19 YERASI S ™, nano
zinc oxide EHH A7IAA EH2S-2wY 242 Table 2¢]
LFERHSITE. Table 13} 2014 TPU-3%} TPU-6> & Al ¥0]
], % Zn02] FFoll whE A2} nano ZnO $HEFe] 23t
Qs 2 WA vl Brtelr] A FAs 249
TPUOI A} TPU-33} TPU-6°. 2 L}70] 7] A|5}+31L). Table 191
A acid content(wt%)= Tt 2> A o® AXtelqith

Acidcontent (wt%) =

TPUN 33 DMBAT-Z2W 9] carbozylicacids- 7|

TPURAAFA #100

Table 214 ionization rate (%)= T2} 2> 2] 0= AAks}
Atk
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zincoxide 2 &

DMBAS| =5 100

Ionizationrate (%) =

E9)st Uk EE]-e-eleh soft segment$}
Sdg Fx2Uo carboxylic acid
=gt 49 FAEY

Acid group=
hard segment@ ©]Fo]%
group®] =AMl F™, zinc oxideE
9] acid groupd} o] >4 FAJsit)
3. Gty Ee|R2E gt
3.1 Z2|Ee] AN M HIt

73 == ASTM D2240¢]] ™2} ASKER A type 2] 74 = A = Al A
o] o) A H& A W o) S eke] 1B tgke ARSIt ¢
7had EE vt ' A 2o I =2 A HES- ASTM D412
of| whe} W 1A E 7|(UTM, Zwick, Zwick-1435)% ©]-4-514
=439 01, A1 ¢4 5= 500 mm/min, A 2] W H] =5 mmE
sto] 53] S kS Hah o= Skl AT KS M6518
of| F3to] Whs A AR 7] & o] &8t skl o, 53] 574
s G ko 2 Skl th vhEE 7= NBS PIRAIE VS o4
sto] ofulutn 1003] 5 AAISE 5 1503] vhE gk S8
ok R Al 63 SIS %ﬁ%kgi Sy

3.2. Ba|2aEte| HE2 B}
Za)¢aere] AEZHS ket 1% A13L contact

angle analyzer (Phoenix 300, S.E.0. Co.)& ©]|-&3}o] S7313
o, 2" @A xSl SRTE es "ol
AT 454 SR S4E 53 ol 454 Z74e

o] Fdwk= vehdisich

3.3. E2|2Et2| wet slip 7t

Z2]--2 ek wet slip= H718FAT]E Wet slip 79> ASTM
D1894¢] F=3to], WhsRIGA 375 o] §-ako] S 3l Al
AL 3:3em?] AR FHlE SAsT 542 14
e 9ol 25 58 vs AEs &1 H dAd FA19
FE A Hol B Al A= AR ghe 57
sielth. 54w 4 i}h &A= (kinetic coefficient of friction)

53] 574 o] Fd ke HER it

3.4. Dynamic mechanical thermal analysis

exo] e WA RS Bk 9181 dynamic
mechanical thermal analyzer (DMA-RSA3, TA Instruments)S A}
43151t} =7 Al single cantilever bending mode S AH8-3151 ©.
™ frequencyi= 3 Hz, amplitude™= 30 /mo|t}. SH% HY =
-100~120C, heating ratex= 5 C/min ©]t}.
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Figure 1. Storage modulus of thermoplastic polyurethane elastomers.
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1.1. EQEl Zn02| sized] E AEF

DMAT dWHd o g Ze9-de & A 2o Jed
54 9 o] 45 S8k ARgeth? 2] nE
A 545 545kl d7kaA E8-9-d=e] storage mod-
ulusE FA13F1 2™, Figure 10 A5 YeRIh A4 0
2 -40~20TC 2] M ollA storage modulus”} A AA3151 S
], o]i= EZ] 't T3 U soft segment®] f-5-°] A
7] wjZolal YR © Z soft segment®] frEldo] L5 LE}
i} Acid groupe EU S w9} 7149 22 Nano ZnO T+
Ak ZnOE ES1S A7k EE)9-elRe] DMA #4239
v w3t 94 acid groups =818 -9 acid groups £
3HA] ¢ Z2]9-dl'k B} 30T o4 2% WH$lollA stor-
age modulus”} 7] YEbt oM, 0|9} 2o Ay= E2)9-d
ehfloll =0% acid group®l] 2|3 =4 ZA3HO 2 Q13 storage
modulus7} S7He Z1 02 At th?® Nano ZnOE T8
S A &5 WY oA acid group =913 Z2] gk 1
t} storage modulus”} T 35 gk HERASQITE o] 9} 2 A%
2 nano zinc oxideE =3 4% o] Aol FAH | acid
groupol] 2|8k FAAg Y FAlol]l #8-EF7] wiZol storage
modulus7} Fobl Z1 02 gk, o]efst A= AT
Rt dgtgo] o sk o] Azl oJst Yo FHH
T} 2} zine oxideS AFE-3F ¢
Azte} T2 30T o] oA += acid groups =98
#%2]-9-dlg B} storage modulus”} WA YEFSTE o] s A
Y= 2717k 2 Ak zine oxide®] 73-F- nano zinc oxide®]l H]3
WAd Wl ol &gl EAde] v Wit o2 ghdhe oY

nano zinc oxide AFE-3+
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Figure 2. Tan delta of thermoplastic polyurethane elastomers.
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Figure 3. Storage modulus of thermoplastic polyurethane elastomers
with various ionization rate using nano zinc oxide.

——TPU-0 (virgin)

- - - -TPU-5 (ionization rate: 25%)
"""" TPU-6 (ionization rate: 50%)
0.8 4 - -~ TPU-7 (ionization rate: 75%)
TPU-8 (ionization rate: 100%)
~ -28.4 C (ionization rate: 100%)
~,=28.9 C (lonization rate: 75%)
.6 T (ionization rate: 50%)

0.6

-29.9 T (ionization rate: 25%)
i

i

S
—32.\1:‘ C (virgin)
kY

Tan &

b,
041 ]

Temperature (T)
Figure 4. Tan delta of thermoplastic polyurethane elastomers with
various ionization rate using nano zinc oxide.

Figure 2014 = 250 W tan & 532 53 Zo|¢eet
o] T, #h& YERITE 578 A3 acid groups =8 A5
EQlehA] oF2 EYf-elwat nlaste] 321 TCoflA 312T=
frejdol 227t sl o, o= oke] A¥s} 2ol acid
group®l] &Jet AT J7F O 2 ATE T Nano zine oxide
5 T3 A9 acid groupe =Y H9-9F vlwste] fEld
o] 257} 1.6T 5 E%oH, o]9} -2 AI+= nano zinc ox-
ideol] o3t o] 2AF ] JFo =z ekt Ut zine oxideE
5318 7399l % acid group®t &A= 7392} vlaaEke] o
=2 FEdo| s YERYItE Yt zine oxideE AP
o= W& FAEA 22 Q13 storage modulusZ} 2F7F A1 3}F
AL zine oxideol] 2] 3t o] Agre] HAJ O 7 Q18] cross-
link FEE 7HA7 |H ol= A= Ee]f-elleke] fefalol
L5 A7 A9E JERQE o gk

1.2 Nano ZnO & e Hot

Nano zinc oxide?] erefo] w2 G7AA Z2]-$-2eke] stor-
age modulusE wA13F 0 H, 57 A 7= Figure 30l YERY
&It} Nano zinc oxide $HF= ©]23}89] 25, 50, 75, 100%7}

55 Hgkste] F7kE Asiqlnh 2 A5l A= nano zinc
oxide7} B Whg-of] Fofdhtta 7Hgslls we o] 23ka&
VERYS 2, o]= zinc oxide2} DMBAS] &1 9} 132 %
dow = F vk 54 Ay} o] 238 50%74A] = storage
modulus7} Fob5l0 W, o] gt @Ak Shol|x] o] Aol ol
nano zinc oxide®l] =31l W& o] AT st Aty St
& QIgE Zlo]™, nano zinc oxide o] soblel w2} o] =4
o] S7Fsb7] witel olest Ayt ehb= Zow sivke
o} aFA|RE o] 2810 75% o] weli= TPU AHAI ¢} A
3t Y= storage modulus’} 4350, o]2d A=
zinc oxide®] &=o| S71gel wt zine oxide] aggregation©]
wgste] o] 2 A4S @3] Wallslal hard segment®] A
S #4117 modulus?h A% R o7 FH

Nano zinc oxide el W& 2] dol %% Figure 4] 1t
e let. =7 A7} nano zine oxide ¥e] TR fd
Aol &= deatlon, ole gt A= kel 9l 0] nano
zinc oxide =¢) ol W& A FFOoR QIF Zlow vk

.
2 71N 24

2.1 Nano ZnO2t Y4t ZnO H|W H7}

A7k Eee-dRe] 71A1A E4S 576k acid 2%
A7k Z8]9-dle el zine oxide =310] B4 WA=
AESITE Nano zine oxide, €W} zinc oxide, acid
group= Y E2] e JAFAE, AFE, JAGHEE, 4

5 52 S35l A7) 4L sty on, A=l 7]
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Table 3. Mechanical Properties of Thermoplastic Polyurethanes

Mechanical properties

e e (I;I ng:e;s) NBS (ﬁ:;asion ;{2115;% Elongation (%) st;reiagrth
(kgf/em®) (kgf/cm)
TPU-0 - (Virgin) 72 660 227 764 86
TPU-1 Acid type 75 950 327 687 102
TPU-2 Acid type 72 790 264 558 96
TPU-3 Acid + Nano ZnO 72 893 281 455 101
TPU-4 Acid + General ZnO 72 795 248 420 94
Table 4. Mechanical Properties of Thermoplastic Polyurethanes with Various Ionization Rate using Nano Zinc Oxide
Mechanical properties
Sample Ionization rate (%) Hardness . Tensile . Tear
(shore A) NBS abrasion (%) strengﬁzl Elongation (%) strength
(kgf/em®) (kgf/cm)
TPU-2 0 72 790 264 558 96
TPU-5 25 72 835 274 496 97
TPU-6 50 72 893 281 455 101
TPU-7 75 72 705 261 410 95
TPU-8 100 72 625 250 398 92

AA =7 %2 Table 30 YERARITE Acid groups =5t
7 $-(TPU-1) acid group®] = A 9k Z2]-$-2 €(TPU-0)
B} A5} 72004 7622 A5slsl o, QAR 44%, <1
A7FE 22%, NBS VR 44% 453t =7 ahs JERSITh
olelgt A= FAaA7 el &3t YFoE & ¢ Jlow, 9k
DMA 57 Aol A acid group= =113+ 7-9- storage modulus
7h B %2 Ak o]yt Qﬁr* Sk

gtz ow e e-deke] A9 A=t
A5 9 QI E, NBS ‘3}‘:' 9 7IAA =
Heg Jgst 24 uE EiA e Y
FIIAHE] AEE 12 JEE AFst] U}
Aol fFAF B9 acid group
9] Z2] ¢ ENTPU-2) K.t} A7} 6.4% SFAkE Qo).
o]} Z-& A= o] AT el ogt Ao ks, QhofA]
°] DMA 3 A¥E dX At LYt zine oxideE =Y sH
739 nano zinc oxide®ll B3l LT 2 AFEC] FAFH]
omn, o]g} & A= o)X 2] DMA Aol A% YERGE
ZAAH zine oxide®] YA} A4 HAE 9 o] 23} 54do] W]
o2 FHEATE 7414 B4E Brhsk Ay ZEe-dst
e g A o] S22 kol A 2] storage modulus 571 o} A %]

=

0

Nano zinc oxideE =] 3t

sh= Z1o % UERETh
AWhe) FAR NBS ohesh AUPRE SAD

3} nano zinc oxideE T+ S =9

o} H]w3to] NBS PFE 13%, JALAE 5% T8 =4 a2

e STt o]z st A3} wsh o] 243l ofst 4

e, iAo §Ixka7]7F 2 AR zine oxid

7d-5-oli= NBS WFE= FAFShH Q1AL glo] ZAekiinh

a
mlm
oy
o
o

2.2 Nano ZnO &2 g "7t

Nano zinc oxide ¥l wHe A7FAA] Zel-easke] 71414
E4-8 =74 35F93 nano zinc oxide o] 71 A1A EAd o 1| X
HAEsIGon Aghs Table 4¢] YeERASATH
Nano zinc oxide $reFol| s Gl Z2]$-dgke] 17t
= 4l ARES A3 Ay o] 2318 50%7HA] 1AL E gk
o] Z7}sFA Tt olg]dt A= <tol|A 2] DMA =74 Aol
o] o] 2433} =4 AF ol 2% modulusd SR FtE
t}. Zinc oxide $Fo] S7HETE FAA I o] ATl 9
34 modulus= S7FE AT AFES TAEE ZAo=E gl
= lck NBS PR 54 Ay} T3 0] 23180 0914 50%7H4]
Z71eE A9 7190% 1A 893% % wlREA]o] dAtE o,

- ol
&=

T
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Figure 5. Contact angle of thermoplastic polyurethane elastomers.
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Figure 6. Contact angle of thermoplastic polyurethane elastomers
with various ionization rate using nano zinc oxide.

NBSPHE gho] L3k vl &2 S7lehe A& 18 = 3l
t}. o] gt Adf= o] A Frlell oJs) vhE HEgh
Ao R JdEm, o] &5} 75% o]/l A= zine oxide®] ag-
gregation O & Q& AT S 713 AL, viE
gto] afegh Zlow wuEm Qlo A 8] DMAS] ¥k o] &
sk al= o ok

71A14 %‘é 3 714 3} nano zinc oxide ] F71shA ©]
2A3to] S71et7] Wl ol &g g e 235 modulus’t &
7¥ato] Z1A1A] BAdo] AAA o2 E= o] ERIF I
SHATE 47y E=F o] e A= nano zinc oxide®] aggregation ©.
2 Q& 71A17 =730] HAskgith 2 A5"¢lA nano zinc

e
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Figure 7. Wet slip of thermoplastic polyurethane elastomers.
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Figure 8. Wet slip of thermoplastic polyurethane elastomers with
various ionization rate using nano zinc oxide.
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AUt Ee9dw A0 57 2 7Zn0g] el wE
A=7 WSS Figure 5, 691 LJrEM%‘”‘ﬂr =742} acid group
S T3 A9 acid groupe SYEHA 92 ZE]9-dE 1)
wate] & HF7o] gadte AS A T 4 QST ol9)
& Avks FE9-eee] E91% DMBA Eu|9] FF2EA]
Zbell o3l Fpido] FrhE o] & A F7to] Wobxl Aow
S Tk Nano zinc oxideE =3+ -9 acid groupWe] &A1}k

s Bo & J57bo] o wopxiom, Ant zine
ox1de*a— Y3t A9olE & JF2o] 7askeict olefs 4
= zine oxide =0l Wt Aol o] A gto] FHA
2 2837 girog =A%}

Nano zinc oxide ¥l whg A7t E2]9-eery] J52)
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o]‘:, 7]7;"7(4 b=
+ nano zinc oxide $Fo]
=7H= 7] wEel 52t

4. Wet slip

A7k ZEedee &9 5AS Ak, 544
= Figure 7, 8ol YERISITY. B 7FE 7} acid group?] =4 &
o we}t wet slipo] FoMA= AS #Qled 4= QT Acid
group®] EFFE A okL- A7k Ee-p-el e acid groups
Zohst driad 29wk wet slip 542 & *fol& o
Elfigl o, o238t A3k acid grouptholl hydroxyl”]ell 23]

Fdol S7Feel wet wet slipe] 571st 202 Ak

Nano zinc oxideE Tt 7% acid groups £+ Z2]-9-2
g B} wet slipo] 71kl o, At zine oxides =%
73| = wet slip®] SIS t) o8] 8t A 3= zinc oxide &
doll i o] 2A3e YFow FEm, ShollA ] {57}
AT o]g]3 dAAFS JkAE] = 4 Q)

Nano zinc oxide $rFoll We A7kAaA E2]- A ] wet
slip 545 713t A3} zine oxide] &3] %—7} S wet
slipe] oAl 215 #R1E = Qlglon, o= 7414 =43
= 22 wet slip<- zine oxide 3% T 715l whef o] 2 A3 E
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