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Abstract — The fluorine-containing modified polyurea was synthesized using the PTPE-diol to improve the ozone-
resistance. Three types (PFDIA-10C, PFDIA-20C, PFDIA-30C) of the modified polyurea containing the fluorine con-
tent from 10 wt% to 30 wt% were prepared. After ozone treatment on the prepared films, the weight loss of film was
investigated and analyzed the film properties such as hardness, wear resistance, tensile stress, elongation, etc. Also, the
film surfaces were observed by the optical microscopy after ozone-resistance tests at 10 ppm for 336 h. It was shown
that the defects such as the cracking, the bleaching and the mass loss were reduced and the ozone-resistance of films
were improved when the contents of PFPE-diol are more than 20 wt%. It was found that the intensity of O-H peak in

PFDIA compounds confirmed by FT-IR was decreased as fluorine contents were increasing.
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2-1. AlSf

247 A perfluoropolyether-diol (PFPE-diol, Mw = 1,500
g/mol, Fomblin AH& 90 °CollA] 2417+ Eok 79k, Axato] A3}
St} Poly(tetramethylene) glycol (PTMEG Mw = 2,000 g/mol, Mw =
1,000 g/mol)2} Z2] A ~E|Z A polypropylene glycol(PPG, Mw =
2,000 g/mol, KPX chemical* & 60 °CollA 2417 B2t 7%k, A%
ko] AFE-3FSI T 1,4-butanediol (1,4-BD, Mw = 90, Tokyo Kasei
Kogyorh 37187177} A-atel Zek A0l 1,4-butanediol
calcium hydride (CaH,, 95%, Aldrich)E A 47$17] stollA] £
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331, 100 °C, 10-2 torr 7434 BkellA] 8217 E7 A1 £ T35 a3t
o]-s4d o]&AloF|O] ERI 1,6-hexamethylene diisocya nate (1,6-
HDI, Mw = 168 g/mol, NCO &% 49.9%, Bayer Material Science)S
Frdeh A JelE A A glo] ARSIt % 3= aspaticester
amineZ| Q1 desmophen NH-1420(2L 3% 100%, 3% 276, =
1500 mPas, Bayer Material ScienceAl)¥} desmophen NH-1520(3L
7 100%, T 290, 5= 1500 mPas, Bayer Material ScienceA )=
E3tsto] ARESISITE.

2-2. E2| O|AAOH[OIES] &Y
4 1] - £ o] AAoH|o|E FAIE 33k flatke]
PTMEG 322.0 g (0.16 mol), PPG 322.0 g (0.16 mol), 1,4-BD 13.81¢g
(0.15 mol)@} 1,6-HDI 342.19 g (2.04 mol)2 W25 70~80 °CZ

FASAA NCO(%) T 12.9~1320% 95 F 1AZF 53k &
2J3} 3748k polydiisocyanate- adduct (PDI-adduct)E AT}

2-3. S48 mE HY E2| O|AAOH0|E &Y

PFPE-diol 2] 3F¥-2 100.15 g (0.07 mol), 200.31 g (0.13 mol),
300.19 g (020 mo) 2 & W 3}A]7] I NCO%ZS 13.1% 114 317] S8}
1,6-HDI 344.04 g (2.05 mol), 347.40 g (2.07 mol), 350 g (2.08 molyS 7}
7} 931 70~80 °CE 24| {H5-QF HH8-8 X138 51o] fluorinediisocyanate-
adduct (FDI-adduct)?] 4 94 #7538 gasqith v 2
Z}e] BAE 850 PFPE-diol 10 wt% 3H-3F WA Z2] o] &)
ol|o] E2] Wh-2-& uj kS PFPE-diol 100.15 g0] E0]7F Z7HA0)
PTMEG 271.0 g (0.14 mol), PPG 271.0 g (0.14 mol), 14-BD 1381 g
(0.15 mol)<, PFPE-diol 20 wt% 131 914 &2 o] &r]ot[o] E9)
| &+e-2 PFPE- diol 200.31 g¢] E13F 714l PTMEG 219.24 ¢
(0.11 mol), PPG 219.24 g (0.11 mol), 1,4-BD 13.81 g (0.15 mol)2]
Z71 02, PFPE-diol 30 wt% -3t §A £2] o] iAjold|o] E9]
| &te-2 PFPE-diol 300.19 g°] £°13F 57kl PTMEG 168.0 g
(0.08 mol), PPG 168.0 g (0.08 mol), 1,4-BD 1381 g (0.15 moh)2] =72
717} elaigiet, o] 52 REg-x2ta) A 77g-5 3413 ?) PDI-adduct®]
739-9} 2A) ko] T3t Z Al polyfluorinediisocya nate-adduct
9] 2] Z2|w|(PFDI-10C, 20C, 30C)Z 27+ ¥t}

2-4. E2[Clo[T1 HSAI2| M=

2] 9ot IS Sl FA] oS AHH|(wi%)E =3
3I3AT. 1,000 ml PE A2 2] vjo]A o] opal Fego] 27991 A 1 o}A~3E
of| ~E 2 (Desmophen NH-1420) 29.0 g, oFlg=ko] 29031 #) 2 o}
23}€] o ¥ 2 (Desmophen NH-1520) 18.6 g, 24| (BYK-054)
0.3 g, HEA Fo 7 (BYK-306) 0.3 g, FAMA|(BYK-110) 0.3 g, &
F5A(SA-1720) 3.0 g, WAIQEES) EJEFESA|E 14.0 g, 54 &
AbZHE 15.0 g, HHE AF0]E 5.0 g, SAE T 9.0 g AUA 50 g,
k21 A (Tinuvin B-97) 0.5 g7 F53F 100 wt%z A-2-of|4]
500 rpme] £EE RSkl 3021 E3ekar, 7L sl wiEtete]
Z2]obzl Z3}A|Q] polydiamine-adduct (PDA-adduct) &2 | %
aFdet.

2-5. Ul @& =29 M=
Z7] o] hAOH|0| E 42X] g3}
W%, 30 wt%= H3A71 WA Z3]

220 FHEE 10 W%, 20

ol sAloho] £ 54 §o&
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FAR shar, Z2ltjolnl S H3AZ o] gdl wHlkslo] HEFTAYE
PFDI-10C/PDA, PFDI-20C/PDA, PFDI-30C/PDARE A Z% 2404
Al Z2] 9¥o} Ul & £ 8E PFDIA-10C, PFDIA-20C, PFDIA-
30CE 2t 85 5 31901, 3438 (blank test)q! PDI/PDAL]
795 PDIAE YERAIT

2-6. Lf 2N EHIAE

$d ¥ PFDIS] 2871 el ol 3k 4] 9431 (FTIR, Thermo
nicolet avater 360y& AF&-310] 131510, Al 2= THFE 12 wi%=
3]493}Fa1 NaCl pelletel] §FAl =328k 30 £3F ¢t AFA & &
A3t A EA] S AFHFAIAYE 4 7](DTA-TG, Shimadzu
DTG-60H)E E3l 2131 aL A4i-$1715kellA] =24 600 °C
7HA 10 °C/minE 5-& Al71AA S48

QFEAE AN Fig. 139 22 A W 0F A8 gu)E Azt
slod Aee F3ITE A TR 2SS FI8 I
£F 2EFEVIFR | ppme V|F R A HEIE AR AL
3l 7S 1081E 7Hgste] 85 9 w5 10+£0.5 ppmOE
AL, TR 2042 °CoA] 277 Rl o, AR 0w
207571 )ell allgehe 715 A EATE 7HYste] AldS AAIsE
At
A 1EH

s
a

[e)
%9

A Aol A] s 9w ste] whet Akt
=it Ae BARE] fl8to] eRl2d A& At
Fig. 28} 2 Cycle® W&} 01, 115=29](water level 100)= 2
Z ol 98] FAH= o) 31, AFY (water level 10)= 715
QFo)| F == S EARIITE Besh Al Al 715 7 3ol
A &8t 70x70x20 mm Al g 100x100%6 mm Z A E T
150x100%0.2 mm 54 &, 70x150x6 mm= -2, L9 22 &
Alztste] AME3IAL, 45 2555 10 ppmx168 h, 336 h =$W13}
A F- 72, A, vk, of 234, Vs, A, 1Y
e, Ul L9 eH AR 5o muke] AR skeE =
33t
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Fig. 2. Water level change in the ozone test equipment.

B2 AR S8 0 = qbgatkar nEo] A Bk o)
-9 oksie), ek HAd s o 7 A9 Edo) gl o UdeA
Ak AAA = Abe] 9 58 A5t B4 Ak Sl
7oz A QQuH15]. 3k Bh niA= oy 94 S we
7173 5(4.0)5 7 A Akete] Aol A7F AR A}
o] AgAre)7} 28] kgaitt. C-Fo A8AE 7t 1.36A0 % T
A A ol vl 53] #ar Adsh Wile B s Gt
a1 Qo] FagrtETt gA0] F EA AR} vk 4] F9lel 2l
R EAE QAFelE Yo A TERE WHEA HER
C-CAFE C-FAR o R e8] 99l ez =it wehd =
2 RAF A= ofEL f7] 2k B vls] Hold Uiakshd
o7 9-9] AsARE-S ofAlshs o' delA] Urhie,17]. wet
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Fig. 3. Surface photographs of the prepared coating film after ozone
treatment.

U2 B GEORAEA] ATEAR R, S AR FAbel A A
AlBkal QI 10 ppmx336 h FA] -2 Ajje] Agwsiel mut i
WS 3008 Ffjste] ket o) i 59 o Bl =
uke] @ Estol] tigt EAWSE 7 AAIS Ak o 2k
4 949 Fko] 27182 Fig, 304 9} o] Sttty
327 9) 3000 A E B 255 ollEs & Utk &
Al3R1 PDIAE SQtakatol| A 2 Ehagl Zlo] gadshA| 1= glom,
3000 Feiatele v =t el o] Akl B Zle o 5 9l
o} E47F 10 wi%es} 20 wi%Zt 3-8 PFDIA-10C2} PFDIA-20C=
PDIA KBt} 95 akx| 0k §¢ko 2 ghald o] &l g ) 0w, 300uH
FOBIRGLE W S AVNA EYA| R EAo] s Ay s
218 29 3IQIth B Y9471 30 wi%e?} B2 PFDIA-30CE 5

N
OJ_'_O_ET: i‘robl =7Fs skl 3008 ol A= efghe] viAo] 9l

AL 7)E GE 2AE Ve E T
=u 39S 3000 SoiEked 168

ol
AR SR RS AT A9 39 W 0, NE 50 o

B7h sHA M 21 Fig, 4ol LRSI 71E] Abgekan
QL= TRt AAE @7 7 B Peloh B e o)
ArE = Aahe] $EE FakE olFelth oleld AL 1

B} ARz B74A) 0] WA ThE Rl Ako R ofekshs Ao

A3 I F AEHE Ao 7 nia F A]»—-o] 20) 7=
= skl Seto R 2l Thedh Aol Rl g B

3 doA galehs dAS Hole Zlow J&T&%E}.

2 A ATt - A sE 5793t A7E Fig. 5ol e
Atk =0l ZF A FAIE 168 A7 A - Wtk 57947 PDIAS:
0.552 g, B4 94 S-S 10, 20, 30 wt% = H13}417] PFDIA-10C=
0.810 g, PFDIA-20C= 0.201 g, PFDIA-30C= 0.061 g & w|2ke] 2
k471 AYEIATE PEDIA-10CS] 90 PDIA Bu} -2 Ak
S B AL 4% 1) Hhe-d 959 75 = AlAA 2 g ol
WA BaBo] o] galE 2l o7 dakeln) o] 336417k
HA) Fo] o] Huprhakl 747} 5582 g 3306 g, 0447 g, 0.069 g
o= A Sl whet 2 2ol & KAtk PFDIA-30C <
PFDIA-20C < PFDIA-10C < PDIAS] oM 2 Ae7hr) 7130 0 22
F-2lo] AsHAl Aol ERISII Ba 949 ghio] S

E,J_"%]_
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Fig. 5. Weight loss after ozone treatment.
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Fig. 4. Surface photographs of various coating films after ozone treatment.
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Table 1. Physical properties after ozone treatment (10 ppm, 336 h)

179

Test Unit PDIA PFDIA-10C PFDIA-20C PFDIA-30C
Adhesive strength N/mm? 2.8/0.8 2.7/0.9 29/1.8 2.4/2.3
Hardness Type D 52/35 51733 52/46 48/49
Abrasion resistance mg 13/124 12/119 8/51 6/43
Bending resistance - Good/Poor Good/Poor Good/Bad Good/Good
Tensile strength N/mm? 16/3.3 17/3.2 16/9.7 15/13.2
Elongation % 112/52 108/54 102/69 98/88
Tear strength N/mm 69/12 71/11 66/37 58/54
Mass loss of after ozone treatment g 5.582 3.306 0.447 0.069

55 AYgrasgo] HolA: A0 ot Bae] 95 1) 0F
E o]
=z

10 ppmellA 336 *]Zl A 5] 7 A1 E A9 =
o] 2]of E2]A 9l HIE Table 19 YERY
St 2= A7) AMell= 7 B399, PFDIA-30CS] 317t
7Hg A JeRIQ o H, 53] Y27 oM e F A2 2.4 Nmmof|A]
23 N/mm? 2.2 96%2] A58 48193 0, A 2] H3l= 4804
497 oR7F A E 31, QIR 15 N/mm2ollA] 13.2 N/mm?2
88%2] /57| & A8 —8— 98%01]*1 88%%, Q¥ T 58 N/
mmoﬂ/\ﬂ 54 N/mmZE 93%2] -3t A5 A3to] B4 W7}

S BTtk Ul E3/35A182 PDIAS} PFDIA-10C,
-20C«1 Al XJl LA ak’o‘?‘iii, g Ee]-eorel PDIA:

b S
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At
Ul 24 71l tist AaE Bk o= 53] 91811 10 ppm
oAl 336 AR A T A3} | 2] Al AlE FHRE 5731k
Fig. 6 WFERISITE. @& Abslargol| Qe el it A]~ ) &k
27t 2E o8 dFE 1FS A HH duslo| = B2 AES
X p2 2] Ako 7 Akt o] 31l 2ol A7) 3500 cm!
Qo F-e] OH =7} B4 A4 g 7ok 3 ZH4sstar Qlt.
olg]gt Aih= B4 A4 dheko] Z7)5he) what 9F Wl =S
Ak} ZARUAE 714)7] wliTell U 284 o] IdEE Ao s
G} Anila’S[17]2F Huanyu's[18]2] 917kl 2&ba A} 2419
i%"éﬂ*‘&g & 2F AN E 2] FAF iR A
S 5, AnkAQl O] F9) Al AkskaE-S 0,00 24 A3}
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Fig. 6. FT-IR spectrum after ozone treatment.
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