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Abstract: To address the issues of high energy consumption and excessive wastewater discharge in

traditional disperse dye printing, as well as the inadequate water resistance and lack of ultraviolet (UV)
shielding ability in existing wash-free polyacrylate binders, this study prepared a fluorosilicone-modified

polyacrylate ( F/Si-PA ) emulsion via miniemulsion polymerization. Self-made vinyl-terminated

fluorosilicone (DVFS) and acrylonitrile (AN) were employed as functional monomers. This system
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utilizes the low surface energy of DVFS, which migrates to the interface during film formation, to enhance
hydrophobicity. Simultaneously, it leverages the strong polarity and UV-absorbing capacity of the cyano
groups in AN to strengthen the film's cohesion and inhibit UV-induced degradation of dye molecules. The
chemical structure of F/Si-PA was characterized using FT-IR, 'H NMR, and XPS, and it was
subsequently applied to a wash-free printing process for liquid disperse dyes. The emulsion properties.,
film water resistance, UV-blocking performance, and the practical application effects of the F/Si-PA
emulsion in wash-free printing were systematically evaluated. Characterization results indicated that the
fluorosilicone segments and cyano groups were successfully incorporated, with Si and F elements
significantly enriched on the film surface. Under the optimal formulation, the emulsion exhibited an
average particle size of 45 nm, while the water absorption and mass swelling degree of the film
substantially decreased to 38.86% and 16.20%, respectively, achieving an ultraviolet protection factor
(UPF) of 105. 48. Application results demonstrated that the treated printed fabrics achieved excellent dry
and wet rubbing color fastness of grades 4-5 and 3-4, respectively. The color fading rate after washing was
as low as 1. 1%, and the fading rate after 100 hours of sunlight exposure was merely 1. 9%, indicating that
its comprehensive performance is significantly superior to that of the mainstream commercial binder MCH-
206. This study concludes that the synergistic modification strategy employing fluorosilicone segments and
cyano groups effectively enhances the hydrophobic compactness and UV protection capability of the film,
successfully meeting the requirements for high color-retention performance in wash-free printing systems
for liquid disperse dyes.

Key words: liquid disperse dyes; wash-free printing; fluorosilicone-modified polyacrylate; color

fastness; ultraviolet protection
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Sl 15.4 9.6 1.4 0.8 1.5
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S3 15.4 9.6 4.2 0.8 1.5
St 15.4 9.6 5.6 0.8 1.5
S5 15.4 6.6 2.8 0.8 1.5
S6 15.4 9.6 2.8 0.8 1.5
7 15.4 12.6 2.8 0.8 1.5
S8 15.4 15.6 2.8 0.8 1.5
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i AN 15 A R F b — 25 s B i A v . X n]

REJE TR SE A A P 388 5 T T8 IRD 1 FH g » 4
1o T TRE RS I 28 B0 1 AT ] T 7K 4038 48 5 i
EEK . 24 AN B 4ksiig & 15. 6 g(S8) I, gk
W28 43,12 %, FT g5 A B A LL i) 2ot o 5 3
P ST AR TR E T R L FLBSRL il A AN 78 42 91 IE K
IYBIEEEA K, AN, S3 i UPF (H2 % THeE . ik
) 206. 47, W] Re5 HAEZ A4 B )5 7 AR 1 G R 1
5 Sy R AR A G A L2 R L ST B UPF (R
105. 48, FEPR R R KPR (4 [ B, e I A fe i)
SO PR RE, UG 2R A (R B A T Re T 2

o,
3 F/Si-PARBEMIRKE AKER UPF &
FEmgs Mok % VK / V6 UPF 1§
Sl 75.76 37.24 36. 18
S2 53. 80 30. 89 38.50
S3 122.78 90. 17 206. 47
4 50. 01 27.34 116.78
S5 61. 86 36. 04 13.58
S6 55. 67 27.91 43.32
S7 38. 86 16. 20 105. 48
S8 43.12 25. 62 30.78
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rh R B 1R
2.3.1 DVFS #l AN F % EDFERUR 1 5% 1)
RARGE EAARTC T B A2y [ €0 B f) I 42 R
AL R T SFEEC T F/S-PA BEA 7 ENGE /Y (5,
AR SHEE . G RN 4 B, WFE 4 TR L.
S7 By Xt 1 EAE LI A 25 € 7 i e IR e A, LT
T VBRSO A AR 4~5 FM 3~4 g, H
100 h HWIRB R0 2. 1% HERE R AR S3 By
Xof LT R AR FE A3 Il 2~ 3 GRn 2 9],
H P48 (535K 4. 590, X — i & 22 T g S3 i
it & DVES 51 & IO 7 8 A 5 2. 2.2 745
FIEiR) , GBS R B AL B L RE ) T I ST BC Ty
T b U S 0 B (8] 4 FH ) 5530 B S R 1
TE R T S0 e [ 0 B RE , S e b A s 5

[ 7
x4 AEBEF F/Si-PARAFIZENER Y L
TREZEGFEESHEER
. %oo h H A JEE % € 7 i
AR/ + biTA
S1 3.7 4 3
S2 2.9 4~5 3~4
S3 4.5 2~3 2
Sh 2.7 4 3~4
S5 4.2 3~4 3
S6 3.7 4~5 3~4
S7 2.1 4~5 3~4
S8 2.9 4 3~4

2.3.2 F/Si-PA FH&HIHEME

Kl 6 o F/S-PA FH & X B A6 24y 1 188 €0, 72
M52, L6 AT LA . 24 F/Si-PA Bt 70 80K
5 YOI, TR AR B IR B RS B K (4~5 ), &

HZ A T B2 LAJE G S22, M T A RU R AR 3
TAEEE, TR A 2 B AE F/Si-PA Jit i 70 B0
105 ik B e fd (3~4 9. 4 F/Si-PA Ji 434K
BAKCO YO B, Gl by Gl /D B 2 O, S BUBE
FRrh JURHIR % 1024 F/Si-PA &40 50 (15 %)
i o S A B2 27— R R b LA ML B B el
] £F- 4k N EBIEAS , T3 40 A E R 4 i Yok R T
RS2 A N R A Ao R v O J22 T K 5 G T B %
M B TR

RRXX T REBE (L A
BEHAER

TR

P

kS
KX
30

X
9%
R

059
2%

F/Si-PA JRB 40 /%
B 6 F/SiPAEREFHRESHXENEADT.
T BRI £ 5 B M S0
2.3.3  F/SFPA ZhG 7% Fe g AR A7 B ERAE R
T BV A SCHi £ 1 F/Si-PA [ BEZKF
B HSHEFRESH MCH-206 47 7 RS R
FHYEREXS L, 25 Rk 5 FroR . M 5 AT H 78
JEE @0 72 B J7 1 . F/Si-PA 5 MCH-206 (1) T FE #
YRR 4~5 90, B E T ARG A X
HEZH s 7N BE B (8 72 FE T T . F/Si-PA X3 #HE 288
R4 79 TI3K 3~4 Z. XF 4L 167 R 3~14
9%, B ARYERE S MCH-206 A4 8 m& 4L,

K5 TRFEHERMNELAYEZEFERBEZHIN

ok ] JEE B €5 7 18 /% ‘ , BREE )

T+ TS KUk i G

F/Si-PA 4~5 3~4 1.1 2.4

C. L 5rit 288 MCH-206 4~5 3 1.1 4.1
TR 2~3 2 9.4 6.7

F/Si-PA 4~5 3~4 1.1 1.9

C. L 43Hi4r 167 MCH-206 4~5 3 1.5 5.8
TR 3 2 8.2 8.4

F/Si-PA 4~5 3~4 2.8 2.9

C. L 438 79 MCH-206 4~5 3~4 2.3 4.7
P gl 2~3 2 10.3 10.7




o8 LT T2 AR

2026 5 55 &

TEKVERS E M7 1D, F/Si-PA X0 0iE 288 Al
YL 167 MR SRR E 1. 1%, 5 MCH-206
s X o O 79 R AR (AR 2.800, BB T
MCH-206(2. 3%0) HIEE T IR EE G R4, XA
FEPE E AT RS TR SMGK N EUE” I S5 FFRAE «
F P FREEE BN G T K83 Sk, mig] AR
TR SR T o3 (AR 7 A 5 S i 30 , A 20
DT R R YRR STk

FEmS H WiPERE 7 I, F/Si-PA B & R4 R
WA X 3 A ekl 100 b H G 4R 2R
(2.4%, 1.9%, 2.9%) 4 B #F ML F MCH-206
(4.1%,5.8%,4.7%) . PAAr8Ler 167 R, F/Si-
PA 486 AR 1. 9%, i Ik F MCH-206 411
5.8% ., X—ZFRMFIM GRS THEWRAE .
LA W SCEE A B AR T AR T RS I AR S
SERE , T T Ykt & e SE P ) ek . S5k
T, SRRk B B 5 SR B BRI TE R o €0 7
(TR B 3 R T T ENAE S BT EPERE .

3 % it

ASCU il By £ 5 s SR A e TN I I A
DIRe s, il es 1 HE S i 5 525 4 D iig
I FREECE R NG TRIR S A 70, T2 S5 e

a)FT-IR,'"H NMR & XPS 4 #UE 52 , fkE 4%
B SR CHRIIGIAREY T4, RERITE
S HT R S B SRS BOE R I A v ) 28 SRR
WAL T RETR SEE., ERiic)r ST 44T,
F/Si-PA L K424 45 nm, PDI 2 0. 08, K&
W 7K AN A 43Sl [ 22 38. 86 Y6 Al 16. 20 %4 . Fe
DVFS 5 AN #yHpm 51 AA R T 5T+ 2Lk e v &
52 JES ) 7 7K B 2 4k

b F/Si-PA 650 0 FH TR - ok o K vk
ENAEJG » ENAE LU 3 B B by () 25 0 2R S5 il
PEfig. HA VR A RS HA B 4~5 9L 3~
4 G KPR R A 1. 1% ; Hodb /014 167 ERdE
2191 100 h H IR 5000 1. 9%, IR AL T i
FRFEF MCH-206,

O AMFTHE T FUkEEE B S R ] b 9 1%
THEES I E kLW SR S e I T R K T g A
ERNIHIRBR IR R PR ETI A Iz R T e
JEE R T K 45 5 AR O AT 5K, TE SR THERAE S
YIgE G R VAN B e R H G ey T
I — R Sy Bl T K PR ENAE RS A R i T
PRAL TR BB W SR A EN Y BRI Rt T &%

S 230k

[1JAi L, Cao HM, Zhu Y W. Ultralow emission micro-printing
process for PET fibers using liquid disperse dye[]]. Textile
Research Journal, 2022, 92(5/6) . 788-800.

[2]Rosa ] M, Tambourgi E B, Vanalle R M, et al. Application of
continuous H, 0, /UV advanced oxidative process as an option to
reduce the consumption of inputs, costs and environmental
impacts of textile effluents[J]. Journal of Cleaner Production,
2020, 246 119012.

[3] Wang L L, Dong H X, Zheng K Y, et al. Divinyl polysiloxane
modified polyacrylate for promoting the directional migration of
disperse dyes in digital jet dyeing of polyester fabric without
washing[ ] ]. Progress in Organic Coatings, 2024, 190. 108389,

[4]Wang L L, Cui S S, Ni H G, et al. New washing-free printing
binder based on organosilicon-modified polyacrylate for polyester
fabric printing of disperse dyes [ J ]. Progress in Organic
Coatings, 2018, 123: 75-81.

(5] BEARIT, Pt R, SR, 55, SCHRAYFURE MO R N IR IR BE FLIR
FHEAE LS Eh R R ()], Wi ToR# %4 (A
WAME), 2024, 51(3): 329-336.

[6]Zhang Q P, Wu M H. Divinyl-terminated polysiloxane as an
effective polyacrylates modifier for pigment printing: a study
with different molecular weights and quantities[ J]. Journal of
Applied Polymer Science. 2019, 136(39): 47961.

L7 W8y, ek, ok, 45 JURETCM: SR P9 R TS PL 7 AR O
B R K IR ER AL A LT . dert 534, 2019, 56(6):
35-38.

(81wt #RIE, A hFER G Tl # k NFLIGRHEN LR & 57 1
WroTi ). AHLEEM B, 2022, 36(5): 76-81.

Lo WU &R, B, JRITE, 5%, A0 MLAE SOt: 20 7 5 198 I8k T A 3R A A
LU SR ENAETERE RS [T ], WL R 2= 4 (A AR
2024, 51(5): 681-690.

[10]Lu W, Qiu X Z, Shao Y, et al. Shorter process washing-free
cleaner dyeing technology of polyester/polyamide blended
superfine fabrics with liquid disperse dyes[]]. Sustainable
Materials and Technologies, 2025, 45: e01489.

[11J]MaZ T, Gu F Y, Wang X Y, et al. Preparation of stable
liquid disperse dye using the antisolvent precipitation method
for enhancing dyeability and eco-friendliness [ J]. Dyes and
Pigments, 2025, 236: 112655.

[12]Jin L, Qian T, Cheng Y J. et al. Synthesis, recovery, and
application of environmentally friendly disperse dyes with high light
fastness[ ] ]. Textile Research Journal, 2024, 94(5/6): 566-582.

[13] Quilez-Molina A I, Marini L, Athanassiou A, et al. UV-
Blocking, transparent, and antioxidant polycyanoacrylate films
[J]. Polymers. 2020, 12(9): 2011.

[147 Liu By, Xu Z, Fan C, et al. A solvent-free and water-resistant
dipole-dipole interaction-based super adhesive[ ] ]. Macromolecular
Rapid Communications, 2021, 42(9). 2100010.

[15] Cheng L, Guo H N, Gu Z B, et al. Effects of compound
emulsifiers on properties of wood adhesive with high starch

content[ J]. International Journal of Adhesion and Adhesives,



% 5 M PSS A5 VAR I3 BICHOR G K 58 BT A FH o 80 5 286 45 700 ) ol 8 S Rz A 581

2017, 72. 92-97. acrylamide-acrylic acid) hydrogels[]J]. Polymer, 1996, 37(6):
[16] Reimers J L, Schork F J. Predominant droplet nucleation in 1019-1025.

emulsion polymerization [ J ]. Journal of Applied Polymer [19] Tian X P, Yi L M, Meng X M, et al. Superhydrophobic

Science, 1996, 60(2): 251-262. surfaces of electrospun block copolymer fibers with low content
[17]Chern C S, Chang H T. Particle nucleation and growth of fluorosilicones [ ] ]. Applied Surface Science, 2014, 307:

mechanisms in miniemulsion polymerization of styrene [ ] ]. 566-575.

Polymer International, 2002, 51(12): 1428-1438. [20] Danielsen S P O. Chemical compatibilization, macro-, and
[18]Hu D S G, Chou K J N. Kinetics of water swelling and microphase separation of heteroassociative polymers [ ] .

development of porous structure in ionic poly (acrylonitrile- Macromolecules, 2023, 56(16): 6527-6542.

BA T 4R

Wi T B P BABIE 5 7 1] A0 16 S (0 e B S REPE 25 20 BUA TR 122k 10 £4. BRIG. 55 W OFD 8% B R K A
IRBFARE G 2 T A FUARPH ARG 1 IR AN 3 0 H 1 00 R 48 T R B AT A - PR B A B ) 1 H 22300 A N T st NS
LA T U A T R VA AR B TR 0 4% 1 000, S 3~ AR SC 50 AR BRAUEZ WL A 10 AR s BHIEUR 3 b 25 R}
BELA T AR WA RGP =2 AR ot A Z YGRS BRI T 2 e 307 R 75 0 22 (V08 S0 A BiF 5 A TR R
AR,

(REHEKSH)



