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Fig. 1 Schematic diagram for the preparation of self-lubricating organogels.

Table 1 The recipes of self-lubricating organogels with various molar ratios of TBMA/LMA.

Sample TBMA/LMA (molar ratio) nrgma (Mol) nppma (mol) ngpa (mmol) ngp (mmol)

PTBMA 1/0 0.16 0 0.08 0.48
PTeL, 6/1 0.18 0.03 0.105 0.63
PT;L, 3/1 0.12 0.04 0.08 0.48
PT,L, 2/1 0.12 0.06 0.09 0.54
PT\L; 1/3 0.04 0.12 0.08 0.48




RIS He T AR B S5 AT ot 0 T A LRI A L A B 1 3

RITFREMT, BERBR HEIK -, S
#| P(TBMA-co-LMA) H il ¥ A MLk . A fai
VA3 2 1) BE T A WLE R AN PTLL,, Hdxly
43 A8K TBMA 5 LMA [ EE /R LG
1.3 RS
13.1 ®EWEE

¥R A AT LRI TR 7S v ik
il % PT.L, B A VLR . ARIE VA K S F2E

FESREAR, THE T A LB VA i ek
HWEE.
ERTie - {(O) I F/N W
0="1s=M0 . 100% (1)

TS mo M mg 73 RE AL AE T K BT BT46 25 5 (g)
AP ATIRS F I E ().
1.3.2  JE B EE

I AT WA BT HUV-2700)0 5 A AL
BEIAE I KN 400~800 nm [)iE T K .
1.3.3 /M X 2R EUR (SAXS)FRAE

TN X SFERHU (Xeuss 3.0, £ Xenocs)
S HUSHIGIEAT 7 RAE . X SR N 8.04 keV, I
K 80.154 nm, F 5 BRI A8 EE 2508 2205 mm.
ML AE 298 K R adbAT, iXFEBR G (8] 24 30 min.
I Fit2D B AE N 45 2D) U EUREAT T 0
HXH X 2R R B IR A% A R B AR AN
ST TARZE.
1.3.4 RZEHMEHDSC)I 1

R R Z R PU(DSCS+,  Fii 1 Mettler
Toledo)% H WA MBI AT 1 # I . Jelg e
atr LA 10 °C/min FHEE ZHE FHE 2 120 °ClEAH 2
-10°C, RJGFEFFHRE 120 °C, FHEEZR N
5 °C/min.
1.3.5  FEHORFERE 70

YA WU 73 5ol BT s s SR 3] 5 e 1)
KRBT, AEFE24 hFRE 1K, RIEEELi
THEAA WL R O
1.3.6 MLkt RED

KT T BRI HL(WDW-5, 5 R i
Z)0T A LB AL REE T TR &2, ¥
REETIRI AR s SZ2 P A4 92 /%8 1.6 mm,
K15 mm, JEEEFEAGNS: A5, Kiket
ity 3 ) Je AR S AR AR A e A E R 2 H AR
P RS AR T AT AHE 2 100 mm/min,

TEZ (2925 °C) Pl /b3 K.

MR L 7 - 197 7% il 2 mhisz BOA BRI 1) i
T 2R F] o FIBT L R AR o5 AR HE B ARG T 10%
(it 2 R R AT A MU R I IR & B AR
73~ 4% 0 T AR T SR T i A R
L/

E=kx 100 )
X, EANBEHER SRR, MPa; kA
HUBE S 7 1 B2 /N T 10% B 2R AR

W= j;gide 3)

A, WRAANLER R, MIm®; o, 8
IR TN 1, MPa; e A h Al iR i )
WrEd AR, %.

1.3.7  $fibff 518 3h /I

JH G S Rl A ) A R (OCALSEC, fE[H
datphysics)ill i 7 A MLER RS KLl ff, FF
45 e i B R R & CRTBURE A EE D 30°) 1)
A5 I 7 A LG 3R Th AR T Bl A . LK
A ARV E IR AR 1 B A LR
I R PERE .

1.3.8  PBhii5RE

PR E BRI K AH BRI BLEE IR
RFETBON 1.0 g/L 4 175 H & H (BSA) PBS ¥
(pH=7.4)", 7E25°CFHFE 12 h. AT W53
N6 BRI 5 B HE A LR I B BSA VA TR A
HE R AR ST 5 (ODgo). HR UG AFELE BSA VAT
HOIR I HT JE AR 58 ARSI iR 2 72 (A Abs)
AIE AR T 1) 2 1 o B 2051,

PUAH R P AL R 2 KA K
30 min 5, &% T 4 LB £ 7% ¥ (Luria-Bertani
broth)#i ke 1 150 {5 B KA B (E. coli) &7
7637 °CHER IR h K5 7% 168 h. WRFEHU 5,
ZEETKMBE3 IR, SRJEH 0.1 wt%4h il 5 /K IR
8,15 min. Je a5 RS L5 KM e 2 IR
Ja, BT 33 wtOliE R VAT B 20 min. 4840
AJ DL A3 6 BEVEI 58 BT 1S 45 di SR B VR TE 590 nm
BTG .

1.3.9  PrUKFHFPERE

TEHEA G R EMERIRIEE) 6 H 8T
B i B E A LR KRS B SR AL . E o
WA IR EEHIE-25 °C; R)F, Ka LB E
EEHRIAEG F, 30K 1 mLABAUKENE Tl ke



1 BT

Fok

T AYERE(.0 cm x 1.0 cm x 2.5 cm) T IR+
4h, BRORIDEME A 07K BLOKAE . MR, &K
BRI R T 277 1.0 mm KP4k, Bl
1235 LL600 wm/s (1A FEHES OKAT . FEREAS
PURE R T AN R A7 B 8 A S Ik, AR VKA 1
I R B D) D WA T P 3 UK B SR

2 ZER5iTR

2.1 BiEBEVERRIZT

L T R AL T B (TBMA) R & B e
(I3 AL B AR IR 5 (T,=118 °C), HILEER 5%t
3 i (1 5 — R LAk R e (e i) B o A
My FIETR A R H R (LMA) TSR B 1) 379
WA FE R -3 °C, SHREM A R R 2 . A
BT 07 e SR e 3l 1) v T, 3R R A N O B T i
(PTBMA)M 1, 5] N T 5 PTBMA M2 HAEIA
ANRIRFPE IR R RS TR IR H HERR(PLMA)BERL, 1E
PRAC R SZ I 71 FH B (OO T A 5L B2 1) 0.05 mol%)
T, #E T P(TBMA-co-PLMA) [ 78 5 HL kLI
(&1 2). PTBMA B v 51 A il e 0Tk 7 A7 Lk
JRFE AL/ “Aigil” B S, PLMA BB R 4% H g
RRPETERR T BSOS HE 40 B 4544 .

9 ™
< 1%
Swelling in

B i1s .
= Silicone oil T

~~PTBMA —~PLMA Phase separation

Fig. 2 Schematic diagram for the network structure of self-
lubricating organogels.

FRE A O FR TH A WL B IK P AT
B EE &R, S5 R K 3@ PR, T LLE E,
A BRI BRI B A B v i B e A 3 n
iR B A, BEE BE il PLMA S5 BE L 45 (1) 38
hn, B TR B A WLEE IR 5 W B3 A8 R 1 AN i
(FLA ) (K 3(b)). BB MR T LA R, H
WLIEEAE (10325 ' 2R A il 4 ity PLMA B B L4511
B R AR T BB LR, HF/E TBMA/LMA B
JREER 173 (PT Ly A BLEEIR) % 229 10% (K 3(¢)).
XF PT Ly A LB AT T /N X S 265U (SAXS)
FAE(E 3(d)), AL 2D F7 5 B A 0 52 21035 B 1R %
59 [ P (P 3 ()4 D), £ ¢ 9 0.03~0.10 nm~' &b

T — AR R R, SR A AL N 45
TEAEGIR R B IX 254, BOBEAE 2 55 (R T 1
K 3(e)iI DSC &7, PT Ly A WL 7 I AEZ)-10
197 oChb HIR R, 7374 T PLMA B B &
LEAHAT PTBMA %5 B & SRAHIM T, TREFR AR,
B TR T 2 B RO BEE ),
FUPLMA Al PTBMA #E B ) T, FEAR () (I A #2)
(25261 I EIE [, FEAE PLMA BEBC IS,
A HVEER TR T 180HE 43 B 254627,

AL, B PT Ly A A LB 2 I SR B A 7K
ISR T 30K, HARMIRA AT Rk 93% LA
(B 3(D). X BLBAE HLEER B A R AR R
Frae AR e e, L R BT TR AR 75
FIEEH T RAZEM “ANR MEIER.
22 BiEBENRRETE T

XTAN[E] TBMA/LMA JBE 7K EE () 5 1A B
JEBEAT T A2 v Re IR . VK P17 5 i PTBMA
A LB R B 2] =14 88.5%, M AT Ak
R, e LR S N 61.5% I HEAT T 2R kR
MK . MK 4(a) T LE 2|, PTBMA 3 AL EE i B
2458 FE A IR & 73 A 0.020 £10.002 MPa,
{HBE#E PLMA 85 BB 5I N, BENE A VLSRR
JI R KA T IR AR A . 2 TBMA/LMA JE /R
ey 6/1 I8, I T A AL B A ) B 2R ) o 9
0.018 MPa, Wi N AL ey 274.66%, KA E E
¢4 0.083 MPa. 24 TBMA/LMA /K L ik 31 1/3
I, PT,\Ly AW BIELR J) 0:90.350 MPa, W
HNAR e28797.50%, KR E1£%0.320 MPa,
B Th woh 0.82 MI/m?® (B 4(b)), 43 51l /& PTL,
HHEL19.4, 2.9, 3.8, 31.51% . @it 530k
R IE 1) B E T A PR T L, KL PT LA
WUEEITELRRE T I E I R, 5 P A 1 45
B 7R RARTH(ELS). X B 5] NIE 2 H A PLMA
B B S 19 B L R A LS AR 5 . HLR
BIFE T, KA B R PLMA 5 B3 A ML
T8 I8 JE7 A B — PRI X 248 S R P8 BT EH B VS 74
(FIAH 2> B L5 R, E T 2 R IR B B % .
IR, TCRFE IR 48 [ G AN S PR 5 80h
WUEEIR T R 2 R A R 4504, NI K IESE T+
WU (1158 (o) RN I E(E) 128290, 24 PLMA BE B L
B3 AN 3/1 B, P2 R S At 2 B8 1) F A
FALL A T, 11 PLMA K85 BE3 9 7 8 B 1M1z 3))
Re JIFAZRINME, {619 PT L, A LB LA JEH &



RIS He T AR B S5 AT ot 0 T A LRI A L A B 1 5

100
(a) ;
S l: |
|5
2 60}
= e I
o 40} " .
g R "
2 1 i
Z 20t — L
0 1 1 1 1 1
PT\L; PT,L, PT;L, PT(L, PTBMA o g v
100
© —— PT L,
----- PT;L
80 - 31
~ == PT,L,
- PT.L
60 | =3

Transmittance (%)
Intensity (a.u.)

0 1 1
400 500 600 700 800
Wavelength (nm)

(e

S
=
.2
2 PLMA =
S 2
b E T 4 PTBMA 2 gl
T ¢ S —o— In an air environment
§ 85 —o— Under dynamic water conditions
5
1 1 1 1 1 1 80 1 1 1 I I 1
-20 0 20 40 60 80 100 120 0 5 10 15 20 25 30
Temperature (°C) Time (day)

Fig. 3 (a) Silicone oil content and (b) the real picture of self-lubricating organogels at swelling equilibrium state. (c) Transmittance
spectrum of organogels with various ratios; (d) 1D scattering intensity profiles of PT,L; organogels. Inset: the corresponding
2D SAXS patterns; (e) DSC curve of PT,L; organogels; (f) The silicone oil retention capacity of PT,L; organogels placed at
room temperature in an air and under dynamic water condition, respectively.

0.4 0.5r 1000 ) 104 510!
(a) PT{L; (b) —o— Fracture strsin (%) 1
—o— Fracture stress (MPa)
04} 800 | —— Young’s modulus (MPa) =
037 £ & —£— Toughness (MJ/m?) 10.3 % o
—_ S S < 1100 £
& 20305 600} ERE R
) B s E] c
>~ 02 = 7] 102 S %
o @ o 2 b
= 202F 5 400f & £
= g 5 EXERUE
0.1} £ = 101 £ e
01f  200F N
PTBMA
. ot 0 : : : 0 <1072
0 800 1000 PT\L; PT,L; PT;L; PTgL; PTBMA

Strain (%)

Fig. 4 (a) Stress-strain curves, and (b) the corresponding fracture stress, fracture strain, Young’s modulus and toughness of
self-lubricating organogels.



6 [T N R 4

[ This work
[ Ref. [30]
[ Ref. 31]
[ Ref [32]
[ Ref [33]
[ Ref [34]

LN N X
< / Fracture
Toughness (MJ/1 / stress (MPa)
M

oung’s mudulus (MPa)
0.4

Fig. 5 A comparison of fracture stress, fracture strain,
Young’s modulus and toughness between the PT,L; organogels
in this work and those reported in the literature30-34,

FIE (e 0 ).

K, X PT\L; HEW A NG AT T 9%
SRR . 1%, R P AN T T 50%
F300% NAE N IESLAEHM I —E IR, &5 F a0
Kl 6(a)fian. FTUAE R, PT Ly HiHIE A HLERAE
50%~300% A% 55 [l A 1R 32 2 I 4 — S0 2 - 2 IR
NI 7E 50%~200% NAE N, A HLEEE

0.05
@  —50%
-~ 100%
004 - 150% »
- =2 200% 0
= — - 250% 2T
g 003 ~ - 300% LT
s
7]

0 . 50 100 150 200 250 300
Strain (%)
0.06 100

(b) W Dissipation energy
O Dissipation energy ratio

195
0.04 -

190

0.02 1
185

Dissipation energy (MJ/m?3)
Dissipation energy ratio (%)

80

50 100 150 200 250 300
Strain (%)

Fig. 6 (a) Cyclic loading-unloading curves at 50%-300%
strain and (b) the corresponding energy dissipation and energy
dissipation rate of PT,L; self-lubricating organogels.

JUTRA R BEfS, TERAE N 250% HIH e
LT 29 15% [lalr, 4Rl hngk 2 300% i el
IN%28%, FHLFERLAER M 40.73 T+ % 55.49 kI/m?,
AE EFEHUR M 88.69% 1 i 42 89.93% (I 6(b)). iX
FOH HETE A MU IR R AR 2 K INTE AR, IRAE
BT BEPREIK R BRI . #—25, XH
PLEEEEAT 1 100% [ A8 i 78 AN [7] % 5L 18] R 1)
PEIR IR —E MR . W 7()Fros, 76 & RN
WA, BT RORIIEEIR, S H
T A VLB U AR 7 KEN R, B
ARSI . BEE 2R 2 TR SN 8] 1% 4t
INE—EERAEIR, BRI SAR N 1 AR A
B3 min 5, EEWE A LG 03— ) 205 3
265 1 O AR —E BRI R A A (R K
R FEARAR). W 7(0) BT DL e, 768 0m
WA S, FLRERLRE R AN AR R RCR NI
AR, M5 EE 2 1 minJ5, FEECAERAIRERFE
BOR B WG I, JEAEFE S 1 min J5 3 A RFEA
A X R ZA WG N 245 18 52 B 4h 1N s 4

0.030

—— Origin (a)
---- 0 min
0.024} - -~ 1 min
-=-=-3 min
£ 0.018
2
2]
$ 0.012
=
)
0.006 -
0F..
0 20 40 60 80 100
Strain (%)
0.015 100
W Dissipation energy (b)

o Dissinat .
0012} Dissipation energy ratio

0.009 |1

0.006 [

Dissipation energy (MJ/m3)
Dissipation energy ratio (%)

0.003 |1

0Origin 0 1 3 5 8 15 30
Time (min)
Fig. 7 (a) Cyclic loading-unloading curves after 0-30 min
waiting time at 100% strain and (b) corresponding energy
dissipation and energy dissipation rate of PT,L; self-lubricating
organogels.



AT 5

BTy B 45 R K v s ) T A LR S L b 1k 7

Pi ¥ RFERA TSR ER, (A I 18] 1S
T HGE K

FEIZA PR, AR T, I stk i PLMA
BB S TR T M B A, P B s
TXAE A HUEE N, 5 s I ik, #2417
TR T REA RGBT DI S R AR LA, AT
[FI Ry S T o L AL . RIS, B OESRAR 73
SRR T SRR SR T AL TS, $EBUs
ZNRESTIR . 29N KRR IA, WO L E AT A
TN BRE R AL [R5, AR 2> B A5 5 AR
SE ML IR DR 1 2% BEAR R se M, (4544
FHAEEAE RO B AR (R ) MR, SCBLR
B e A R A TR R (R R 3) 22:35-37), 3K A
R BARAEIAR T AR R SR, AL
TR e L 5 ) S [ F) B
2.3 HiEBAEVERNRERRE

R RE AT RIS 1 B 4%, A
P LBE IR 2R T B AT 1 A A 3R i Y E
B 8(a) Iz, K T A R R EEBUAAAE AT LI
R M sIAT 0. aTLLE B, ASFRGR 7E PTLs
AN BT AN M 0<7°, HAMR TR F

(@ =
e
(b)

B Tap water
XYY Black ink
v//) Pure milk

- BN\ N\

Pure
milk

XN
0% ¥
QY

Sliding angle (°)
N
SO 4
KN

T
202

0
XX
LKL

<%
XY
dedoteletel
o0
1%

e

%%
9,
Q2

[\S]
TS
500X
003,
KK

e
%
000
o
X
o

%
o
XX
2K

7
%
00
oce
X
3%

%
<

,v
XX
oS

O

SO0
XXX
odese

T
XXX
25

O

%%

N\ A
PT,L, PT,L,

<
B

N
PT|L,

PT,L,

Fig. 8 (a) Surface lubrication performance and (b) sliding
angles of different droplets on the surface of self-lubricating

organogels.

T B . IR R TR 1R I KA S A AL M T B
EEM R, AT LAHRPAN S5 5 B 0 B S R
7. AN, X HE TBMA/LMA BE R 46 i A5 HL
BERHEAT T R IR 20 A . W 8(b)Frw
3 Pl A [ 66 R 1A V3 A AR B S 3 T ) 0,<10°,
K IAFE TBMA/LMA LA (1A HLEE s &R LA
SHIPURITE R A EE
24 BiEBENRRTEMEE
EYrEUR — R R R TR, H— s
T 20, BEO. EAST5A V0P R
BRUL3ST RSO B A HLEER AT 1 8 R
MR, DISPRARHEHTAE DBV RE . AR 4 BSA ¥
TRITARAE HE Ze(B 9 () FIA HLEE IR AE BSA IR IR
YHTJG B RHE S AN SO Ve 5 B 2 7E(AADs),
132 T A MU R 1 B R B (B 9(b)). mT LA
EH, T IREMEKT PT L LY, Al
THA NI AAbs i3 R 1%, HFEfE%E TBMA BB

0.8
@ A = 0.58646x + 0.07502
R=0.99919
0.6
8
E
S04t
O
<
02}
0 0.2 0.4 0.6 0.8 1.0
Mass concentration (g/L)
60
(b)
&
5
o 40t
2
=]
)
=
2
c] 20
<
n
m
-y

Q« é)\ Q" ?\ Q« 7\/)\ Q(‘ \\)’5 Q" &;\6‘
QO\*
Sample
Fig. 9 (a) Standard curve of BSA solution; (b) Adsorption

capacity of self-lubricating organogels after incubation in
1.0 g/L BSA solution at room temperature for 12 h.



8 [

EL g T B T —E RS X SR
T PR (B &) AT ARl s, R WA ML
DEST AP 1 o2 W PR P 5 R T 1 e e P
LIPS

DU R B o2 PR AR 5 1 e ) 5 2
Fh5 . W 10, KT B ETE AT HLBE R T 1K
T B RGBS L. N ODE T LA 2], 7EHH
TE AT WL I3 T ) 4 T 4 I 2 B 70 ) B A
JoE M R T 0. 10 5 R10.16 £, R HH
A LR BA B2 G W R N L RE . 5
FAWY, TR RRE LRI AR I A5 3R R A B
L s AR B S AR T AR P R B AR S B A 90,
AR T R i i EE VAR AT LRI R 2%, A el
HOE RS =N S DTl B s e TR =
RIFEAR T AEVAIR T (8] (R 77, S BCIERr
S P R R 20 T e A L R T 2 PR A g A 8401,

1.2

g 4
=N o

<
w

Normalized crystal-violet ODsq,

& NAF S M v v
FEEE & & &S
00 QG
Sample

Fig. 10 Assessment of E. coli biofilms on various surfaces
after incubation at 37 °C for 48 h. The result from the bare

glass was normalized as 1 for better comparison.

WEN(a)Fn, BiEEAPEHRIE R T H
B PR B RE 70 . ABEL T R & 0 T K 10
PT,L, % [ (78.24 kPa), PT,L;. PT,L,. PT;L,#
PToL, A AL B UK FE B 3 5 40 31l 1% 42 20,12,
19.44. 19.36 A119.1 kPa. X & Hi T 3 T At £k I
WK T W2 K IEMEER, 25T a2k
) JiA% 55 45 it BT T I R OK 5 WL R R TRIAE P
J1EL55 . B, FERUN B BT 5 /E R B Al R AR
VKA BLEE e R TH )5 . 38 3T 5 ik 38 1 SLIPS.
R /KT« PDMS A HLEE I 5 J LRH SR 11 15 0K
PR LB 11(0))41-4), AR T AR 4 1 B I A
HUBE ALK Bt 5 A e W S (AT 3

180

(@)

150 -

120 -

O
(=]

(=)
(=]

Ice adhesion strength (kPa)

30+

Ref. [41]

Ref. [42]

Ref. [43] |

Ref. [44] |

Ref. [45]

This work |

0 10 20 30 40 50 60
Ice adhesion strength (kPa)
Fig. 11 (a) Adhesion strength between ice and various
self-lubricating organogels surfaces =20 °C for 4 h; (b) A
comparison of ice adhesion strength between the self-
lubricating organogels in this work and the reported SLIPS,
superhydrophobic surfaces and organogels*'~#,

LGEKRAE, FTHEEmEE BN SRR BE BN
SEER, A WU X 28 T B 1 U0 B FA A 7y 5 46
AP RN N DR R i NG v N e B N ]
R TERE R TR N TERER TP . — T,
i PLMA 8RB A Bl A B TR AT A B 46
g, ITHESE T ATHLBER I 25 1K) J1 22k Rg s 53—
Ji i, SRAEIH PTBMA B B T 190 2% (0 ik il 5 K
BEST, A HLBER B A i i 71 S AR
= SNIIESE Y & RS Rl b R ST
BET. [, 3 AR T AT LRI PR S WA
iz SV, VKRB R T LA, b
T ARANLES S SN, KL T “ DA
SR FEIPUREHT .

3 #Fig
4 Tl BRI A R 50 T R4 2



ARG RE T 2> B G5 A IR e s ) 8 ST A ML B FL it P 1k e 9

(Ve ) B A LR . RV B Tk AR BEE R TR, T 7 AEKR
I PLMA BB LA HUBAL M 28 7 AR i A ROAR > BT RIS, A0 BA U R 1 B i

A, ARG BT EAESN TINEIN IR B TS AN BTUK R B RE 7. ASBE T P SR A ) S

b [N, @R ASRMNSIR T ey THEBGRIE . mAHAEE, Oy ERE B A LR 1
ATl SFEANERAESN IMBIGREPSEIR R TR S ILAE GRS MR Z AR U R S (1t 2
AR, RILMF BRE MGG ERE . HHER 2%,

10

14

15

REFERENCES

Han, X.; Wu, J. H.; Zhang, X. H.; Shi, J. Y.; Wei, J. X.; Yang, Y.; Wu, B.; Feng, Y. H. Special issue on advanced
corrosion-resistance materials and emerging applications. The progress on antifouling organic coating: from biocide to
biomimetic surface. J. Mater. Sci. Technol., 2021, 61, 46—62.

Tong, Z. M.; Guo, H. Y.; Di, Z. G.; Chen, S. F.; Song, L. N.; Hu, J. K.; Hou, Y.; Zhan, X. L.; Zhang, Q. H. P. pavoninus-inspired
smart slips marine antifouling coating based on coumarin: antifouling durability and adaptive adjustability of lubrication.
Adv. Funct. Mater., 2024, 34(8), 2310702.

Zeng, L. P; Lin, X. X.; Li, P; Liu, F. Q.; Guo, H.; Li, W. H. Recent advances of organogels: from fabrications and
functions to applications. Prog. Org. Coat., 2021, 159, 106417.

Maan, A. M. C.; Hofman, A. H.; de Vos, W. M.; Kamperman, M. Recent developments and practical feasibility of
polymer-based antifouling coatings. Adv. Funct. Mater., 2020, 30(32), 2000936.

VR, B, =T R, 228 RSOR, FLEk, K05 . @k B P B 1 R A IBT5 EH K BRI Z I 4% . & 9T 54,
2024, 55(1), 99-107.

Yang, L. H.; Li, S.; Zhang, R. Y. Copper threatens marine ecosystems. Science, 2025, 389(6763), 884.

Wang, Y. L.; Yao, X.; Wu, S. W.; Li, Q. Y.; Lv, J. Y.; Wang, J. J.; Jiang, L. Bioinspired solid organogel materials with a
regenerable sacrificial alkane surface layer. Adv. Mater., 2017, 29(26), 1700865.

Parker, M. C.; Shome, A.; Pinon, V. D.; Crutchfield, N.; Garren, M.; Brisbois, E. J.; Handa, H. Anti-biofouling organogel
and substrate independent coatings with a continuous lubricating network. Chem. Eng. J., 2025, 519, 165456.

Amini, S.; Kolle, S.; Petrone, L.; Ahanotu, O.; Sunny, S.; Sutanto, C. N.; Hoon, S.; Cohen, L.; Weaver, J. C.; Aizenberg, J.;
Vogel, N.; Miserez, A. Preventing mussel adhesion using lubricant-infused materials. Science, 2017, 357(6352), 668—-673.
Zeng, L. P; Fu, Y. M.; Cui, H. Y.; Zhao, Y. L.; Liu, Y.; Lin, X. X.; Chao, T.; Guo, H. Strong, smart, and slippery organo-
gels by network glassification. Adv. Funct. Mater., 2024, 34(44), 2407397.

Han, S. W.; Hu, Y. K.; Wei, J.; Li, S. W.; Yang, P. P.; Mi, H. Y.; Liu, C. T.; Shen, C. Y. A semi-interpenetrating poly(ionic
liquid) network-driven low hysteresis and transparent hydrogel as a self-powered multifunctional sensor. Adv. Funct. Mater.,
2024, 34(32), 2401607.

Gao, Y. Y.; Shi, L.; Lu, S. Y.; Zhu, T. X;; Da, X. Y.; Li, Y. H.; Bu, H. T.; Gao, G. X.; Ding, S. J. Highly stretchable
organogel ionic conductors with extreme-temperature tolerance. Chem. Mater., 2019, 31(9), 3257-3264.

Zhang, H. X.; Niu, W. B.; Zhang, S. F. Extremely stretchable, stable, and durable strain sensors based on double-network
organogels. ACS Appl. Mater. Interfaces, 2018, 10(38), 32640-32648.

Yu, W.; Wei, Y. N.; Gao, D.; Li, G. X.; Yuan, W. J.; Liu, T.; Xing, C. F.; Meng, C. Z.; Guo, S. J. Exceptional n-type ionic
thermoelectric hydrogels by synergistic hydrophobic and coordination interactions. Adv. Mater., 2025, 37(44), €¢10199.
Zhu, J. M.; Ding, J. H.; Li, Y. K.; He, Z.; Ma, Z. Z.; Dong, W. Q.; Zhao, X. C.; Li, X. H. Locking organic solvents by
crystallization-induced polymer network. Constr. Build. Mater., 2024, 451, 138844.

Sun, J. W.; Duan, J. Z.; Zhang, Y. M.; Zhai, X. F.; Zhu, Y. Q.; Yang, X.; Liu, X. D.; Zhang, R. Y.; Hou, B. R. Transparent
hybrid coatings for marine antifouling: synergizing amphiphilicity, nanocellulose lubrication, and electrostatic repulsion.
Chem. Eng. J., 2025, 521, 166869.

Zeng, Z.; Li, Z. Y.; Li, Q. L.; Song, G. J.; Huo, M. Strong and tough nanostructured hydrogels and organogels prepared
by polymerization-induced self-assembly. Small Meth., 2023, 7(6), 2201592.

Zeng, L. P.; Cui, H. Y.; Peng, H. L.; Sun, X. H.; Liu, Y.; Huang, J. L.; Lin, X. X.; Guo, H.; Li, W. H. Oleophobic
interaction mediated slippery organogels with ameliorated mechanical performance and satisfactory fouling-resistance. J.
Mater. Sci. Technol., 2022, 121, 227-235.



10 RPN S

19 Zeng, L. P; Cui, H. Y.; Liu, Y.; Lin, X. X.; Wang, Z. A.; Guo, H.; Li, W. H. Tough antifouling organogels reinforced by
the synergistic effect of oleophobic and dipole-dipole interactions. J. Ind. Eng. Chem., 2022, 114, 205-212.

20 Fu, Y. M.; Huang, Y.; Wang, X. R.; Ng, K.; Li, F. Y.; Zhang, X.; Wang, X. L.; Guo, H. Tough lubricant organogels with
recyclable microstructured surfaces for versatile applications. Adv. Compos. Hybrid Mater., 2025, 8(6), 436.

21 Li, F. Y.; Wu, K. F.; Zhang, X.; Fu, Y. M.; Sun, T. L.; Guo, H. L.; Wang, X. L.; Guo, H.; Meng, Y. Z. “Frozen” ionogels
with high and tunable toughness for soft electronics. Small, 2025, 21(11), 2500477.

22 Li, X. X.; Wu, B. H,; Sun, S. T.; Wu, P. Y. Making sticky-slippery switchable fluorogels through self-adaptive bicontinuous
phase separation. Adv. Mater., 2024, 36(48), 2411273.

23 Zhuo, Y. Z.; Xiao, S. B.; Amirfazli, A.; He, J. Y.; Zhang, Z. L. Polysiloxane as icephobic materials-The past, present and
the future. Chem. Eng. J., 2021, 405, 127088.

24 Ma, X. T.; Zhou, X.; Ding, J. J.; Huang, B.; Wang, P. Y.; Zhao, Y.; Mu, Q. Y.; Zhang, S. H.; Ren, C. G.; Xu, W. L. Hydrogels
for underwater adhesion: Adhesion mechanism, design strategies and applications. J. Mater. Chem. A4, 2022, 10(22),
11823-11853.

25 Wang, Y. J.; Zhang, X. N.; Song, Y. H.; Zhao, Y. P.; Chen, L.; Su, F. M; Li, L. B.; Wu, Z. L.; Zheng, Q. Ultrastiff and
tough supramolecular hydrogels with a dense and robust hydrogen bond network. Chem. Mater., 2019, 31(4), 1430-1440.

26 Liu, C.; He, C. W,; Dai, X. B.; Yan, L. T.; Xu, H. P. Achieving mechanical evolution in polymer materials through phase
evolution induced by visible light. Adv. Mater., 2025, 37(47), e08549.

27  Yan, X. X.; Zhang, J. R.; Sheng, Y. F.; Chen, K.; Zhao, H. Y.; Zhang, Q.; Cheng, Y. L.; Ge, Z. S.; Ming, X. Q.; Zhang, Y. F.
Decoupling the trade-off between mechanical properties and ionic conductivity in hydrogel polymer electrolytes by
anomalous water-induced microphase separation. ACS Nano, 2025, 19(47), 40579-40593.

28  Wang, M. X.; Zhang, P. Y.; Shamsi, M.; Thelen, J. L.; Qian, W.; Truong, V. K.; Ma, J.; Hu, J.; Dickey, M. D. Tough and
stretchable ionogels by in situ phase separation. Nat. Mater., 2022, 21(3), 359-365.

29  Chen, Z.J.; Sun, Y. Q.; Zhao, Z. H.; Pan, L. J.; Li, C. H. Ultrarobust eutectogels with nanophase separation structure for
self-damping pressure sensing. Chem. Eng. J., 2025, 522, 168139.

30 Zhu, Z. L.; Lu, D. D.; Zhu, M. N.; Zhang, P.; Xiang, X. D. Smart organogels with antiswelling, strong adhesion, and
freeze-tolerance for multi-environmental wearable bioelectronic devices. Chem. Mater., 2024, 36(9), 4456—-4467.

31  Zhao, Y. Y.; Ohm, Y.; Liao, J. H.; Luo, Y. C.; Cheng, H. Y.; Won, P.; Roberts, P.; Carneiro, M. R.; Islam, M. F.; Ahn, J. H.;
Walker, L. M.; Majidi, C. A self-healing electrically conductive organogel composite. Nat. Electron., 2023, 6(3), 206-215.

32 Wu, X. X.; Qi, Z. Q.; Zhang, W. B.; Cai, H. Z.; Han, X. S.; Yang, K. Y. Lignin-stabilized tough, sticky, and recyclable
liquid metal/protein organogels for multifunctional epidermal smart materials. Small, 2024, 20(46), 2405126.

33 Sheng, F. F.; Zhang, B.; Zhang, Y. H.; Li, Y. Y.; Cheng, R. W.; Wei, C. H.; Ning, C.; Dong, K.; Wang, Z. L. Ultrastretchable
organogel/silicone fiber-helical sensors for self-powered implantable ligament strain monitoring. ACS Nano, 2022, 16(7),
10958-10967.

34 Ge,S. J; Liu, S. N,; Kong, Y.; Gu, Z. Z.; Xu, H. Sandwich-structured organogel with asymmetric-adhesion and adaptive
optical regulation for simultaneous sensing of human motion and temperature without interference. Adv. Funct. Mater.,
2025, 35(34), 2424314.

35 Xiong, J. F.; Wang, X. W.; Li, L. L.; Li, Q. N.; Zheng, S. J.; Liu, Z. Y.; Li, W. Z.; Yan, F. Low-hysteresis and high-toughness
hydrogels regulated by porous cationic polymers: the effect of counteranions. Angew. Chem. Int. Ed., 2024, 63(1), €202316375.

36 Huang, G.; Guo, H. L.; Tang, Z. F.; Peng, S. W.; Liang, H. S.; Meng, G. Z.; Zhang, P. Tough hydrophobic hydrogels for
monitoring human moderate motions in both air and underwater environments. Chem. Mater., 2023, 35(15), 5953-5962.

37 Chen, G. Q.; Zhang, Y. T.; Li, S. N.; Zheng, J. X.; Yang, H. L.; Ren, J. Y.; Zhu, C. J.; Zhou, Y. C.; Chen, Y. M.; Fu, J.
Flexible artificial tactility with excellent robustness and temperature tolerance based on organohydrogel sensor array for
robot motion detection and object shape recognition. Adv. Mater., 2024, 36(45), 2408193.

38 Callow, J. A.; Callow, M. E. Trends in the development of environmentally friendly fouling-resistant marine coatings.
Nat. Commun., 2011, 2, 244,

39  Deshpande, A. A.; Torris, A T, A.; Pahari, S.; Menon, S. K.; Badiger, M. V.; Rajamohanan, P. R.; Wadgaonkar, P. P.; Roy,
S.; Tonelli, C. Mechanism of the formation of microphase separated water clusters in a water-mediated physical network
of perfluoropolyether tetraol. Soft Matter, 2018, 14(12), 2339-2345.

40 Chaudhury, M. K.; Finlay, J. A.; Chung, J. Y.; Callow, M. E.; Callow, J. A. The influence of elastic modulus and

thickness on the release of the soft-fouling green alga Ulva linza (syn. Enteromorpha linza) from poly(dimethylsiloxane)
(PDMS) model networks. Biofouling, 2005, 21(1), 41-48.



ARG RE T 2> B G5 A IR e s ) 8 ST A ML B FL it P 1k e 11

41 Coady, M. J.; Getangama, N. N. K.; Khalili, A.; Wood, M.; Nielsen, K. E.; de Bruyn, J. R.; Hutter, J. L.; Klassen, R. J.;
Kietzig, A. M.; Ragogna, P. J. Highly cross-linked UV-cured siloxane copolymer networks as icephobic coatings. J. Polym.
Sci., 2020, 58(7), 1022-1029.

42  Liu, C; Li, Y. L.; Lu, C. G.; Liu, Y.; Feng, S. L.; Liu, Y. H. Robust slippery liquid-infused porous network surfaces for
enhanced anti-icing/deicing performance. ACS Appl. Mater. Interfaces, 2020, 12(22), 25471-25477.

43 Liu, J. C; Lin, Y. X.; Zhang, H. B.; Liu, X. L.; He, H.; Li, X. Y.; Chen, L.; Tian, X. Y. Regulation of polyamide-66
lamellar crystal for superhydrophobicity and enhanced anti-icing performance. Appl. Surf. Sci., 2025, 685, 162000.

44 Chen, Y. M.; Feng, A. X. Anti-ice PMMA surface design and processing. Processes, 2024, 12(7), 1322.

45  Talebi Chavan, R.; Pakzad, H.; Rezaee, B.; Moosavi, A. Liquid-infused surface on optimized anodic porous aluminum
for anti-frost and anti-ice application. Tribol. Int., 2025, 201, 110237.

Research Article

Tough Self-lubricating Organogels with Phase Separation Structures and
their Anti-adhesion Properties

Yong-long Zhao', Wan-feng Li3, Jia-jie Zhang!, Jia-li Zhang', Shao-ming Yang!,
Yong-xin Liu!, Liang-peng Zeng!**
(!School of Materials Science and Engineering, °Nanchang Key Laboratory for Smart Biomaterials Regulation and
Adaptation, East China Jiaotong University, Nanchang 330013)
(Clnstitute of Chemistry, Henan Academy of Sciences, Zhengzhou 450046)

Abstract Surface adhesion is a common phenomenon in both industrial production and daily life, often adversely
affects the reliable operation of facilities and equipment. Organogels that utilize lubricants as solvents have
demonstrated distinctive advantages in anti-adhesion, owing to their unique three-dimensional network structure
and surface self-lubricating properties. In this work, a low-hysteresis and high-toughness self-lubricating organogel
was prepared by copolymerizing the silicone-phobic poly(lauryl methacrylate) (PLMA) segments with low glass
transition temperature (7,,) and silicone-philic poly(Zerz-butyl methacrylate) (PTBMA) with high 7. The resulting
continuous phase-separated structure, combined with the high flexibility of the network, synergistically endowed
the self-lubricating organogels with excellent mechanical properties and self-recovery capability. Specifically, the
PT,L; self-lubricating organogels with the TBMA/LMA molar ratio of 1/3 exhibited fracture stress of 0.35 MPa,
fracture strain of 798%, and Young’s modulus of 0.32 MPa. After a 3-min waiting period, the organogels achieved
a self-recovery rate of 94.6% in loading-unloading cycles. Furthermore, droplets slide off the surface at a sliding
angle of <7°, while bovine serum albumin (BSA) and Escherichia coli (E. coli) adhesion were reduced by 76.6%
and 90%, respectively. The ice adhesion strength was as low as 20 kPa. These results indicate that the organogels
hold great potential for anti-adhesion and self-cleaning applications.
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