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Abstract

Aminopropyl-terminated polydimethylsiloxane (APT-PDMS) was used as the soft segment. Three pol-
yurethane systems were fabricated by reacting APT-PDMS with aliphatic isocyanate (HDI), alicyclic
isocyanate (IPDI) and aromatic isocyanate (MDI) at identical feed ratios. Reintroduce dodecanethiol
(NDM) as a hydrophobic modifier. The effects and mechanism of 3-aminopropyltriethoxysilane
(KH550, APTES) on coating properties of different systems were systematically investigated. The re-
sults reveal that the performance of KH550 is dependent on the isocyanate structure. For the HDI sys-
tem with high reactivity, -NCO groups are completely consumed during the prepolymerization stage,
and KH550 only exists via physical blending. The hydrophilic amino groups of KH550 accumulate on
the coating surface during film formation, leading to a decreased water contact angle. The IPDI system
exhibits moderate reactivity; residual -NCO groups after prepolymerization enable chemical incorpo-
ration of KH550. Consequently, bubble-free coatings are obtained accompanied by improved contact
angle. The MDI system possesses extremely high reactivity. KH550 tunes the curing rate to prepare
smooth coatings with a contact angle up to 172° degrees peak. The coating maintains a contact angle
above 160° after 2000 abrasion cycles, showing outstanding abrasion resistance. XPS results verify
that KH550 is chemically incorporated into IPDI and MDI systems, while only physically blended in
the HDI system. This work establishes the rule that isocyanate structure determines the incorporation
mode of KH550 by modulating the reaction progress, providing guidelines for the design of hydropho-
bic coatings.
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Figure 1. Optical photographs and SEM images of coatings with three isocyanate systems: (a~c) Optical photographs of HDI-
0, HDI-K, IPDI-0, IPDI-K, MDI-0 and MDI-K (arranged sequentially); (d, h) Surface and cross-section SEM of HDI-K;; (e, 1)

Surface and cross-section SEM of IPDI-0; (f, j) Surface and cross-section SEM of IPDI-K; (g, k) Surface and cross-section
SEM of MDI-K

1. SHBREMESHERSENEFRBA KX SEM Ef%: (a~c) HDI-0, HDI-K, IPDI-0. IPDI-K., MDI-0, MDI-K B3¢
SR (RRHET); (d, h) HDI-K FURESEE SEM; (e, i) IPDI-0 IRE S5#(E SEM; (f, j) IPDI-K MERES&EE
SEM; (g, k) MDI-K B93&RHE S& @ SEM
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Figure 2. (a) 3D microscopic surface topography of IPDI-0; (b) 3D microscopic surface topography of IPDI-K; (c) Surface
profile comparison of IPDI-0 and IPDI-K: undulation curves obtained by scanning along the white lines in (a) and (b). Red
curve: IPDI-0; blue curve: IPDI-K

2. (a) IPDI-0 4 3D EMEREMSRE; (b) IPDI-K B 3D BMEREFSRE; (c) IPDI-0 #1 IPDI-K AR EERXT
tb: iB(a) ()PIREN B AL S EFEREMREL%, dEM%) IPDI-0, E&EfhZ%A IPDI-K
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KEZ) 44 um, FEIRZ) 75%, FEH KHS50 BN BZER/DN T IiRERIRRERNR. 145585 SEM
IPDI-K & [ [V B FHFLIR B 2 ek > UG — 8, i3 — 308 KHS50 A 8T 2035 IPDI A4 2 1 i8S .
TELCEEAE b, 3E—20 R A AFM WL %% BT S 4C AT ¥ TPDI-K A1 MDI-K 7EGK U R 45 MRHAE -

34. REHERE

0.01 ym

0.01 um
—0.01 um
—0.01 um
(b) 0.09 ym
0.09 ym
—0.06 ym

—0.06 ym

0.04 ym 0.01 kdeg

0.10

—~
O
N

0.08 o

0.06 -

0.04

0.02

-0.02 —-0.01

0.00

Hight(pum)

-0.02 -

0.03 ym 0.01 kdeg

-0.04 -
-0.06 |

008] —IPDIk
—MDI-K

-0.10 r T T T
0 2 4 6 8
Position(pum)

—-0.04 0.00

Figure 3. (a) AFM topography of IPDI-K (5 pum X 5 pm); (b) AFM topography of MDI-K (5 pm X 5 um); (c) AFM height
images of IPDI-K and MDI-K (5 um x 5 pm); (d) AFM phase images of MDI-K at two different sites (2 um x 2 pm). Bright
regions represent hard segment-rich domains, while dark regions represent soft segment-rich domains

[& 3. () IPDI-K A9 AFM F£5R[E (S um x 5 um); (b) MDI-K B AFM F£532 (5 pm x 5 um); (c) IPDI-K 5 MDI-K B AFM
SEE(S pm x 5 pm); (d) MDI-K BAMARECER AFM 8E (2 pm x 2 pm), BAEEX1H 43 Bl Xt R A8 B E & X () FdK
BRESRXH)
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Figure 4. (a) FTIR spectra of three isocyanate monomers (HDI, IPDI, MDI); (b) HDI system before and after reaction; (c)
IPDI system before and after reaction; (d) MDI system before and after reaction; (e) IPDI system with and without KH550
addition (IPDI-0, IPDI-K); (f) Comparison of three products (HDI-K, IPDI-K, MDI-K)

& 4. (a) =FREELESE (4(HDL, IPDI, MDA FTIR 2¢i%; (b) HDI AR KR EHIE; (c) IPDI ARKREHIE; (d) MDI
RBERMAG; () IPDI{RZRIN KH550 Bi/(IPDI-0, IPDI-K); () =#=4)(HDI-K, IPDI-K, MDI-K)Xttt
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SEFXT N-H B PERE e NT 9251 e4h, MDI-K 7F 1350~1770 cm™ XIS R N E 4%, JE TR E
RS 5 IREE C=0 IRBNMIZ NN

3.6. X BHERICE FREIESTAR

X SR H T RERE(XPS)H T RAL IR Z R M A T R AL FRES . DU/ S8 FE i (HDI-K, IPDI-0,
IPDI-K, MDI-K) [ 4 4] 5(a)Fra~, FrAFEIIEIE] C. Ny O Si lUMIcE, JToHAMA . N s,
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MDI-K HBif ¥ 454k Si 2170 R W KH550 5] N JEHEBR T IS IREE R AR 0%, HAEBEBNY Si-O-Si 4
EENTER. 454 N 1s 455, PiH] KH550 7£ IPDI A1 MDI 14 % 1 B A 3 8] B (AL 2 45 B4R [27].
256 N 1s M1 Si 2p iR AT LAE H, KHS550 FEAN ) 5 SR AR 7R 2= AL 2 I B A AE W] . 22 57 . HDI-K
rh R A 22 3] B S A AL RE B IR A, T IPDI-K A1 MDI-K %1 B T 5 KHS550 FH ¢ 1) S 45 & 6E Si 4199«
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Figure 5. (a) Full survey spectra of four key samples (HDI-K, IPDI-0, IPDI-K, MDI-K); (b) High-resolution N 1s spectra
comparison of the four samples. Dashed lines denote reference positions of 399.7 eV and 400.0 eV; (c) Si 2p spectra of IPDI-
0 and HDI-K; (d) Si 2p spectra of IPDI-K and MDI-K; (e) C 1s with four fitted peaks (C-Si, C-C, C-N, C=0); (f) O 1s with
two fitted peaks (C=0, Si-O)
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RPUA 43 IE(C-Si, C-C, C-N, C=0); (f) Ols: BREMNDIEC=0, Si-0)
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Figure 6. (a) Bar graph of initial contact angles and optical photographs of water droplets on samples; (b) Contact angle
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Figure 7. DSC curves of IPDI-0, IPDI-K and MDI-K (—80°C to 250°C). All samples show melting peaks assigned to PDMS
soft segments near —40°C (arrows). Heating rate: 10°C /min, nitrogen atmosphere
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Figure 8. Schematic diagram of the action mechanism
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Table 1. Summary of key properties and surface chemical parameters for three isocyanate-based coating systems
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