EXLRIERD 1 245 %K
£8E2<55

23 RfE

ToRRTARe G T VK BEHER Y oL &2 0D
Bl 7

aook

W

Hydrophobic and Oleophobic Surfaces using Polyurethane without Fluorine and
Silicon Element

Yoshihiko SHIRAKI

The development of hydrophobic and oleophobic materials is attracting attention because they are scientifically
interesting and have industrial applications. While there are established methods for introducing fluorine or
silicon into molecular structures to impart liquid repellency, conventional methods have serious limitations and
drawbacks, including their environmental load in manufacturing processes. We report that a polyurethane having
a polyisoprene structure (HPIP PU) but not containing fluorine or silicon, exhibits high water repellency and good
oil repellency. We evaluate the relation between molecular structure and liquid repellency using contact angle and
surface energy. Despite having a highly polar urethane group, the water contact angle of HPIP PU (114.6°) is higher
than that of polytetrafluoroethylene (108°), a typical hydrophobic material. The oil contact angle (30.2°) is higher
than that of polyethylene (6.5°) and polypropylene (7.6°), which have structures similar to HPIP PU. Conventional
understanding is that the liquid repellency of polyolefins having smooth surfaces is inferior to that of polymers
containing fluorine and silicon, and that polyurethanes having a polar group are expected to have even lower liquid
repellency, but the results obtained in this study contradict such expectations. These results suggest that there are
factors contributing to liquid repellency other than the conventionally considered shape and chemical composition
of the material surface. They furthermore propose novel methods for imparting liquid repellency based on molecular

structural design, unlike the conventional methods of using specific elements such as fluorine or silicon.
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Cassie-Baxter mode

Wenzel mode

Fig.1 Wenzel mode and Cassie-Baxter mode of water
droplet on model surface with roughness
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Fig.3 Model structure of polyurethane
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Fig.4 The chemical structures of polyols and reference

hydrophobic polymers. The polyols contain isomers
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3565 % (2021)

7V (>99.0%) EHGz, EifAEEREO 7 a -
Tk E LTA & agk, va— 1 xa 2y (DIM,
>99.0%) BXUO /v AFHF Y (nHD, >
97.0%) &ZhZhH\i, e L TRy 5L v
M (PE#R). KV e L sk (PPH). I kO
JEZESdR (SPCC #iltk) % ez,

[2.2] RUILEDERK

RYVTL AR =B K UHERERE 1V v
7 3 — b OEMMIBIZE DA L7z (Scheme 1),
ARLEBZER) L A2 VORGHIDOWT, RIFGADKE
BoYgEIbE AR e e T o7 (Table 1),
ABIEERFHKR T, Y2 ua~FH ) ViEKRHP T
DOTDL {#4E F, Y+ —)L & MDI % 80 “CT 2 It
JIS S 725, SHIERAIZMA CTE 51280 'CT 6 ¥
MG X ESZ LTIk -7z, SHIERHZ VR0
WA, KU+ =Lk MDI # RS F T 6 KRG
SHz, MENZARY YL VIEROEE 713 10%
ICHBL 72, BohZzRY LR VOGRS VIR
Eru~v b5 74— (GPC), LEMHEIE7—) =
LRI IR T O RSl (FT ATR-1R)
EHOTEhZhifERL 7,

GPC Ol TiEM ey & U COREMITat. B
LLTCF Mok a7 7y (THF) ., [E#EWEL LT
RV ZAF Vv EETNTNHC, WEY Y TLe LT
BARY L Z YOS 1.0 mg/mL THF 87K & #H5LL
7z MBS & LU CBEMHO®E 12 1.0 mL/min, 7
I AWREZ40°CE LTz,

FT ATR-IR OWIE TIIMERIZAF v v & 16 nlk
Zkh-o7z,

[2.3] RUDIL &2 ZBEOFFME

RV L2 VEBEILZT )y — & — &0
L7, BB 10%DFE ) v v & v iEikE 56 ki
Y ox oy MEE 200 pm THEAL 22 WESM T, 80
CT 4R 2 CTHZME X ¥ 7=, BEHH1E HHPIP PU %

HO.

l_‘Ol'l ™
DOTDL as cat.
HHPIP 4 ——==" 5 ocn- Prepolymer -nco

cycohexanone,
um’c cLNco 80C, 2h

MDI

HO on
3M15PD

DOTDL as cat.
ocN-  Prepolymer -Nco ————— HO—
cycohexanone,

80°C, 6h

HHPIP-MDI _
PU OH

Scheme 1 Synthesis process of HHPIP-MDI PUs

53



TOSOH Research & Technology Review Vol.65 (2021)

& O'HPIP PU O 3541 PP #X. % PCD PU O34 12
1% SPCC il % 7 L2 L 7=,

e (AFM) 2#HnW T ohzR) v
LA VEIREID T 7 3 A EME L2, WEEs o
VIE-FTEIEST,

X#AE T XPS) #HWTHENZRY T L
2 EIEREOICR M % 5 28 - 72, Bl ITE2R
FTFCTAIKe X#AEMHT I TH I A o7,

PGt A TR 7o — TRIROB{ER ) L 4 v
BB K OHE) AL 7 4 v OB &l L
oo TU—TEWWELTK, VI—Fx2V, BT
INIANEHT BV EZNENHO, JEER
JHIEE T 23 °)C. 55 % RH D&M FTH 2w,
KD 70— FVAW R 2.0 4L & L7z, IR T
WET 283 +Fy P 7L — b ECREBE 2RS35
Z L TClE A IR S AR ORI £ IR
ANRERT CHERE L 536 6 2 5 - 72, HIEIZSHA IS
DWT 10 DE I v, 2Ol % PEfl & L
77

BRVTLZVEBEBIOR) AL T 4 VHEMOE
T HrLF— (ys) % Owens ETHRD 2%, G5
KB EOY I — F 22y oEmMmoNlEEs Zh?
W, 22T, FmMERES, 5 DA 5 & K $ 7 HL
H (v MRS S 0FGARTBMEE (1)
3 PR D BIR A i 72 3,

ys=yst+ ys? (2)

3. HBREEE

[31] RUSLE>DEKR "
REMLEE)VAL T4 v THBPEBLUPP &
PokExzH>, KIEEIVA VT LV BKREATS

HHPIP # W CKRY DL & V&AL 7z, KERY
AVTFVLVERKREZIFLYETOEL VORI ES
WAL F A5, KU L &V OAKKRE Fid
IZF ez (Table 1), KU LAY L LY
HEARIIA VA - LEBLUCPHEREAIE A Vo7 12—
b@%ﬁm%ﬁié’afﬁﬁbtoWﬁﬁwﬁhﬁ
DWBEWRT B2, 9L A VIEEHERORE S
4 T§HO HHPIP PU 2 Ak L7z, V7 b4V M
WOMEEMERT 5720, KRV A -y
REARPFE—OFRY) T L 2V & 4AFEAKL 72,
BRIV A D5 TEIEGPC & HWTHEL 72,
FTATR-IR 2V Tw L & YV ED ¥ — o O A M % fifg
A L7 (Fig. 5). BAMIZIZ, v & yILICHkT
%3325 cm ' (N-H 8 8)) . 1535 cm™ (N-H %
FRE)) . 5 XV 1706 cm ™ (C = O WYGES)) O ¥ —
7 EINTIER L 72, WThOFRHIZ &k
W, KIBIZ & ERT By L 2 VIO -2 Z R T
El o, RIBHETLZEELONS,

HHPIP-PU1 /\'LC:O (1706 cm™)!  |N—H (1535 cm)

e 4ﬁW¥‘47 ___*AﬁﬂmmAvthMmﬁju

HHPIP-PU4 A Mw
A A
HPIP PUJVQ\H =
T - 'UWJ/\/‘ A
¢PCD PU b
aPCD PU o
L -

3500 3000 2500 2000 1500 1000 500

Wavenumbers/ cm™!

Fig.5 FT ATR-IR charts of synthesized polyurethanes

Table1 Design and properties of synthesized polyurethanes

Equivalent ratio (eq.) urethane
group Mn Mw
Symbol Folyol Polyol ~ 3M15PD ~ MDI  content  (X10°)  (X10°)
(mol/kg)
HHPIP PU1 HHPIP 1.00 - 0.950 0.788 4.2% 73
HHPIP PU2 HHPIP 0.487 0.513 0.950 1.40 4.7 56
HHPIPPU3  HHPIP  0.267 0.733 0.950 2.10 6.9 75
HHPIP PU4 HHPIP 0.157 0.843 0.950 2.80 44 41
HPIP PU HPIP 1.00 - 1.04 0.790 7.7 100
cPCD PU cPCD 1.00 - 0.890 0.790 6.2° 29
aPCD PU aPCD 1.00 - 0.870 0.790 5.8 27

2 CHCl; was used as a solvent when measured using GPC. HHPIP PU1 was insoluble in THF.
b Cyclohexanone was used as a solvent when measured using GPC.
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Fig. 6 XPS spectras on the surface of HHPIP PU1 or HPIP PU
(a) Wide scan spectra (b) N1s spectra
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Table 2 Probe liquids properties®’
Probe liquids Abbreviation Surface tension y1* (mN/m) 71’ (mN/m)
(mN/m)
Water w 72.8 21.8 51.0
Diiodomethane DIM 50.8 48.5 2.3
n-Hexadecane nHD 27.6 27.6 0.0

=Water » n-Hexadecane
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Contact angle / degree
=~ D o'}
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PP HHPIPHHPIPHHPIPHHPIP HPIP PDMS PTFE

PU4 PU3 PU2 PU1 PU

Fig.7 Measured contact angle values of HHPIP PUs, HPIP PU,
and various reference polymers
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Fig. 8 Contact angles of water and n-hexadecane on surface
of PE, HHPIP PU1 or HPIP PU
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B, BRRIZIEY T bR AV MR OBEEN TS
T & CAREEfl A ARG & IR L C EAT A L PR
h3, —HT, V7 bEs 2y b BIEREREDLS
IR I X 2 EE AT AN X W2 K%

3565 % (2021)

gz hE e PEh5, 72, & PCD &
Wy FOMMEILTH B H—FK 3 — FIRIZHEHT S L,
aPCD (7.63 mol/kg) % cPCD (6.53 mol/kg) & It
BLTEDELL DA —F 3 — M EERKD, ZTD2D
LEEEDO AN EHE L DL KDL L DML D
aPCD PU @ J5 23 ITE MR 1B b & TRV K il A %
A ETPHINS, HEMAERY) L a2 VAL
ML —bTHELZRE, 23 CH 6 70 ‘COFEPT
Mo L7z, WA Fadicas L7z (Fig.10), ¢cPCD PU
ARt LThbEEZ2 602523 CH LU 30
CTIEASE 1T aPCD PU O J5 A R E < 7 5 72,
cPCD PU B OGS 2 & E 4 515 40 °C
P E o E K Tk cPCD PU O K fil 41 10° DL E
5L, aPCDPU KD & EL o7z, — K. IESMED
aPCD PU TIXlE g o 51z & 2 iAo E5IE
BIH63, PHRE-BTIHERMEONZ, ThHD
FRPE, K)o L& VBERETOFRAMEIIEARY
T LAY OLFREE TIEBHTE A VWERAE R T
WHEEALS, 22T, WThOBRALHERED L
e A MK RS ER A D B A, ThixT
U — 7T D 2 KORERNMET§ 2 Z L KE
BIRATH 5, F7z, BEEIC K Z2BEXREO T 7
FADEHEIZONTIZZ Z TR TH B H, KK
L ISR D TR R0 A R 2 © JE ARG N D2 LI
BIEOEWIE A EX 25720, 5 7 % 2 (K
TORRK &3 2, ARG TS 5 Iz f 3R &
T 5. @0 AR O / RS TERDE ICHIR T 5%
[ TH T O ARPEFA O ZELIZBIS A6 & LT, MIgHIC
E%Tﬂ#wﬁ%ﬁ07au»ﬁ%®%ﬁﬁ%éhf
W3, ZOBGAIC RIS HESREE ORI K O K
fid £ ﬁ‘iﬂﬂ‘é%%ﬁ HBeohTng ®,
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Fig.10 Water contact angle values on surface of PCD PUs
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4. £&O

AMETIZ, V7 by Ay MCBALKEEKR TS
BRVAVTVVEREAT SR oL & v HREOE
KL RAF 3t 2 R4 2 & WS Uz, A
12 & 2 KO Tl REM AR TH D |
F7ay " OrMEGTHSNS PTFE (108°) k0 &
DA (114.6°) AR U7z, uliffilfic & 5 #l
PO TIE, 7 THEED KEB 3 M RAL KRBT &
51I28bH5F. PE (65°) R PP (7.6°) &Mkl T
B (30.2°) AR L7z, KT L X — O
T HEL S DHFGAERT y S BERY T L 22 (0.2
-0.3mN/m) TRWEDOE WY L & v HEFHEOIZE
BbH 5§ RLKEEKD A 5% % PE (0.3 mN/m)
R PP(0.3mN/m) & A DOME %A 7R L 72, PTFE OB A
FMTFLE—ZK (14 mN/m) 20D, Mt (54
=2mN/m) Z/RTEEKTH S 720k E Kk
DMK & 2 EAA D 5 7, FIFE L 22k R
VoL & EBUROERN 2 R EARE & 13 5 20 5 Hik
P/ IERREDIST v 2 EFDZ &5, PR LI
Rl DIRAE LR T MBI ORI G-§ 5 v HetED &
5, 72, WROKXHIAINLF-ZKFXEE720IC
Ty RRTARE VS REOTLRENAT 5 ke
3D, TRBEREHCE S OB LW R A IRE
T5EDTH 5,

INEDOR) LAY RENEEEE R T A =X
LZDOWTHEI L7z, BIFEE L2BRIc < e &Km
DEEMET L, RO SV ERE L L GO %
2 Z & ERETH/ERMG oI, 5%, ZOMRE
ORGE, BEOA H = X LITHDSOBENED X 5 7%
5 LERETTETVETSH S,

A

AR A 2 1CFE LEHEA ZE R A TEO 2R 50k
SRR AR B R AT 2R O R L LR HE SR IC b
FLH U EF E9., GPC ¥ & O XPS D41 2t JI1E
WM St Y = v & — | SN IESMEAR Y
H—=Kpr— bYA= (aPCD) OH v T &/,
THREETE N 728k L &V iFSE I O AT REEIFSE B I
JEHE L BT,
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