.

VAN

563 511 R e =S 4 Vol.56, No.11
2025 % 11 H ACTA POLYMERICA SINICA Nov., 2025
5 L
P ‘== BT ;A = H- &b
CIHEBYURES RNt ERRE R HE R
E4F Ik% 2 #
(R AL T SRR A PR S AR EFE W E ALK E mal 210023)
W E DL, BYEERZEC SO T Z MR Z . R E RO T3 KO

JE . FRETRE AR LRS- Tl R R Y

FHHR AT R N IS
e a0

TET, JFAHA H R AUE RE AN 4 B B RE Y 25
RUVR IR R R — Pk AEA TAR R, FRAIIT A T — ] T LA B TR0 2 1) LA R S A R ik A
Fobg TR T B RGRIIC Jy ek . S5 2RI, DR JS B0 B R S itk B i iy P IR Y 300% , 1 LB
BUR R AZIRM 5 b 4R i TR R R ENE, F B T REWEEBONR)Z B R BRI, Tl
FIB KA 13.84 g/25mm, FFHA 96.2% WY RSRARFE R . A TAEWIRTL 1T ZHRET AL 17 . &
THTAELRE 2 A THT BE A 52000 . HAh, BAGER J B7 45 2R s e g R0 HAT R IR 1, R ITHAE Tl

BRI, SRR, ISR REAR IR

SIR: R, FIEAR, -8 . L0 SO Rk A b v B B U 2 AR RE . & 4T 5 4R, 2025, 56(11),

2058-2066

Citation: Zhuang, M. Y.; Wang, Y. D.; Xi, K. Vinyl hyperbranched polysiloxane modified release coating and its
properties. Acta Polymerica Sinica, 2025, 56(11), 2058-2066

BRREEE N3 RE: AHEEMR
Z. FTREGEAEEERGRZE . HF, B
FRTEE RGBS (ASR) A B 77 4L 1l ) A7 LA S L U J2
AT fe ) 2 R IR RN, FER 5 3R w4,
HIE RS, Tl SR 1046 4t
RLFTZ .

AR, LT kBRI K xR RE A AL
FERS RLGR R (O PERE SR Y 1 ORGBR K (1 Bk k121,
V2T B A WU BE BUA B G5 AL REEAT
T AR RS T B RR R VERE, Bln: 5l

R R RN Z R IR . BAh, B
JERTE R REAMUN SR ITREA <, 41 Mori 4513
KIS TYIR R SRR A B Lidgn)
it o 3 THREURE B2 AR AL UE B T 3R 0 ) BB AR A
Liang SIS 5T 1 A 1Bk 5 6 85 24k e ) S
LR A WU AL R SR C 7 o B B A 2 AR

oy, I H OIS B R AR R I A B Y 245
PR ERR N, RIS, AN LA
REM SR A, DR B RE SR A -
R THTRE R FE AN AT I P TR R G &R

B S A B B (HPSH R R B . R TH
REAN B P BT (A S S B [ 619 4 )32
TR . Bl . Wang 25208 i & R T —
Tt 2 8 B daf o PR R S AL SR SR Ube, B9 T X
15 IRZ R RIS A E FHLEE . [FFEH, 7E ASR
W, B IR HE SRR s AT AR AL K=
AN AT 1, REAT SR T B8 2 2 1) S e
FE, WIS TFHRERPIM RS, SeE s AIRIER
RIHTES.

NTHREEREIRER T, A T/EY
e BT — PR LM R S A R R A
(HPVSi), Fx g8 by FI X eEAS i F S M2t 47 1

2025-07-02 Usthe, 2025-07-29 51, 2025-09-30 MZE ;T Je EA HARMINY 4% 3437 40T H 5 020514380274) %5 1) .

* @ EEE RN, E-mail: xikai@nju.edu.cn

doi: 10.11777/5.issn1000-3304.2025.25140; CSTR: 32057.14.GFZXB.2025.7451

2058



11 FEAGEE S, 2% SRR A R R M B R IR R R L 2059
FAE . MeANEE — BINHTHRARIIR T & MEE 95%)0 H Rl MR R AR AR, 25
IR RERISEM, A FRENUEREDMIR . B = HEIEEEE(VTMS, 97%) H K E: A BUE A

FE o3 M« 2R BE AN 4 T B B (SEM).
RLERT TN R A I R R T e it 7
P E AL 5 SIS

1 SCIGERSY

1.1 FEFERIRMNEE

R B A RC 7 . 20 Ik A T (PVMS,
6000 mPa's, )i & Vi%=0.23 wt%, 30% H
W) AR (PMHS, £ 5 8 H%=0.9 wt%).
B AL 77 (Karstedt’s catalyst, 2% Pt) 5 i 4 2 i «
BX IR R 2 BERS(PET) R M 73 i B
B AR AR AL . TS (SR Vi-PDMS
(5000 mPa-s, Vi%=0.12 wt%). % ZJ&3ERE(ViYo=
10.0 wt%)F1 PMHS (H%=0.5 wt%) 5 w117 75
ISR R IR A R . R = H R E(MTMS,

\(? EtOH
MTMS  —O-Si~CH,
(0]
\
\+ Hydrolysis
=
VIMS —O§i = \
]

/

Si_  CH

HC1

CH3 CH3 CH3
1—0

CH 5 CH3 CH3

r -}. /( \

Release coatin®

\

3 /S‘K“A

CH,

H,

~ T
—

R AR AR, FRER(HCI, 11.9 mol/L)¥ H
FALFEAF A R/A ), TESA 7475 flNito 31B #5
HE R B (PSA) i ) ER IITT = I JRRG 71 BB
BIRAF].
1.2 HPVSiBIERFE

HPVSi 1) & B I H 2 FF 1 7 B % ) 3k
7R, ARG s B EWE R . H 5, W
5] JE& 90 HH I N MTMS (0.9 mol, 122.6 g)fll % &
F7K(0.9 mol, 16.2 g), E=IE T IL/K AR 4 h.
J& 42 M\ VIMS (0.4 mol, 57.17 g). % & T /K
(0.9 mol, 16.2 g) M5, 18 HCUR: pH AE 14 15

R, FHRSRN4h fifE, ERT KM
TR AR ARG, SEE e E
(= B, AR RS SR TS B HPSH (4
I E2)9.73 wt%).
4
c
H3c—§|r0H ’ \S‘i,i)?
— O Hl(‘,\ 0
%, CH,CH; K\ S‘l Sie—
S lo) H,C
) SiocHy }
Condensation —0' J CH, /Si\o\> J
- H,C, 070 si-0 (‘H Sl_0\9 -
) sch\.o H,C. /o SO
/) O/S\l si CH3
O /Sl—O/ O\ e
(28 s
N )
HPVSi

PVMS

Coating & Curing

-\ = PVMS

Fig. 1 Synthesis route to HVPSi and preparation of release coatings.
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Table 1 The formulations of release coatings with different
HPVSi ratios.

Weight (phr)
Sample -
PVMS PMHS Pt catalyst HPVSI
RC 100 0.36 2.55 0
RCyy-1 100 0.40 2.55 1
RCyy-2 100 0.44 2.55 2
RCyy-3 100 0.48 2.55 3
RCy4 100 0.52 2.55 4
RCyy-5 100 0.56 2.55 5
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Fig. 2 (a) FTIR spectra of VTMS, MTMS and HPVSi; (b) '"H-NMR spectrum of HPVSi; (¢) PC-NMR spectrum of HPVSi;

(d) Photographs of HPVSi and its cured resin.
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Fig. 3 (a) Stress strain curves of samples; (b) Tensile strength of coatings; (c¢) TG thermograms of release coatings, (d) DTG

thermograms of release coatings.

Table 2 Hardness of samples with different HPVSi ratios.

Sample Hardness (HA)
SRyy-0 22
SRip-10 44
SRy-20 58
SRiv-30 65

Table 3 Mechanical properties of samples with different
HPVSi ratios and different poly(vinyl silicone) oils.

Tensile strength  Elongation at RMS
Sample
(MPa) break (%) (nm)
RCyy-5 0.84 30 1.37
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Fig. 4 (a) The 180° peeling force of release coatings; (b) Subsequent adhesion rate of release coatings; (c) Photographs of
release agent; (d) Schematic diagram of 180° peeling test.

Table 4 Crosslinking density of release coatings.

Sample s (%) Weor (%0) 1 Mc Crosslinking density (x10™* mol/mL)
RC 185.66 1.22 0.49 2721 3.68
RCyy-1 186.66 1.80 0.49 2752 3.63
RCyy-2 177.30 1.87 0.51 2390 4.18
RCyv-3 173.38 1.87 0.53 2183 4.58
RCyv-4 172.55 1.97 0.53 2099 4.76
RCyy-5 167.46 1.90 0.54 1915 5.22
125 17.5
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Fig. 5 (a) Water and diiodomethane contact angle of release coatings; (b) Surface energy of release coatings.
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Fig. 6 The surface microtopographies and 3D AFM captures of release coatings.
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Abstract Release coating is an essential specialty antifouling coating used in industrial processes, primarily for
isolating and separating two interfaces. Currently, commercial release agents fall into three main categories:
silicone, fluorine-containing, and non-silicon. Silicone release agents are the most widely used due to their
excellent performance and relatively low cost. However, fluorine-containing and non-silicon release agents are
hindered in their application to more fields due to various use restrictions. As industrial technology continues to
develop and the need for higher-performance products increases, release coatings, which are in direct contact with
products, must also continuously improve their performance to meet process requirements. The domestic release
agent market is mainly monopolized by foreign companies such as Dow Corning and Wacker Chemie. Although
domestic enterprises have recently started to develop such products, their performance is still poor. Therefore, it is
necessary to develop higher-performance release coatings and study the formula and structure of release agents to
break the technical blockade imposed by foreign enterprises and design new release agent formulas. Based on
this, the mechanical and thermal properties of the release coating were effectively improved by introducing
hyperbranched vinyl polysiloxane (HPVSi), a resin with low viscosity, high density of functional groups, and
spherical topology. The effects of crosslinking density, surface roughness, and surface energy on the peeling force
of the release coating were also studied. The results showed that the modified release coatings exhibited tensile
strengths that approach 400% of the initial value. The denser crosslinked network enhanced the stability of the
release coatings and substantially reduces the migration of polymer chain from the coatings to the pressure-
sensitive adhesive. This resulted in a peel force as low as 13.84 g/25mm and a high residual adhesion rate of
96.2%. This study also explored the effect of changes in crosslinking structure on peel force, surface roughness,
and surface energy. Furthermore, thermogravimetric analysis demonstrated that the modified release agent
exhibited good thermal stability, indicating its potential for industrial applications.
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