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Abstract A superhydrophobic coal gangue photothermal coating was prepared by in-situ modification of coal gangue
through the Michael addition reaction of dodecylamine (DDA) and dopamine (DA). This coating has excellent anti-
icing and de-icing properties, providing a new solution for the modification and resource utilization of coal gangue
waste. The results show that the photothermal synergistic effect of coal gangue and polydopamine enable the surface
temperature of the coating to reach 90.2 °C (1.0 kW/m*). At the same time, due to the synergistic effect of the
multi-scale structure and low surface energy alkyl long-chain, the coating surface exhibits a water contact angle up to

(157+0.8)° and a sliding angle of (3.2+0.3)°. In a low-temperature environment of =15 “C, the freezing delay time of
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water droplets on the coating surface is 38.3 times that of uncoated material. In addition, due to the photothermal

conversion characteristics of the coating, the ice on the surface of the coating can quickly melt in just 80 s under
1.0 kW/m* of light illumination, demonstrating its excellent passive anti-icing and active de-icing performance.
Importantly, the coating also has excellent self-cleaning performance, mechanical stability, and chemical stability.
This multifunctional photothermal coating has important application prospects in the high-value utilization of coal
gangue and green protection of engineering materials.

Keywords Coal gangue modification; Photothermal conversion; Superhydrophobic coating; Anti-icing
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AL, BT T B BRI B A 403 A5 B ) 5 K-Alpha 78 X 528 5% HLF-RETEAL (XPS) , 25 [EIZ2 B K /R
BHE A H].
1.2 SCEEFE
1.2.1 PDA-DDA & % ¥ #F % (CG@PDA-DDA) 8y #| & R — L il 45 CG@PDA-DDA. 5%,
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Scheme 1 Preparation of CG@PDA-DDA and CG-SP coating
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Fig. 1 SEM images of pristine fabric(A, B) and CG-SP coating(C, D)
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Fig.2 XPS survey spectra of CG, CG@PDA-DDA and CG-SP coating(A), the high-resolution C,, XPS spectra of
CG(B) and CG@PDA-DDA(C), and the high-resolution N, XPS spectrum of CG@PDA-DDA (D)
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Fig.3 Wettability of CG-SP coating
(A) Optical images of various liquid droplets on the CG-SP coating surface; (B) silver mirror-like phenomenon of CG-SP coating;

(C) the floating states of CG-SP coating and pristine fabric in water; (D, E) water flow shooting(D) and water impact(E) of CG-SP

coating surface. Insets of the upper right corner of (A) : wetting state of droplets on the original fabric.
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Fig. 4 Photothermal conversion performance of CG-SP coating

(A) Light absorptivity of different samples; (B) temperature change of CG-SP coating and pristine fabric under 1. 0 kW/m? light
intensity; (C) temperature change of CG-SP coating under different light intensities; (D) temperature variations of CG-SP

coating during five cycles of repeated heating-cooling.
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Fig. 5 Passive anti-icing performance
(A) A water droplet freezing process on pristine fabric (A) and CG-SP coating(B) with different time; (C) schematic illustration of

freezing process; (D) comparison of anti-icing ability of CG-SP coating with otherwork.
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Fig. 6 Optical images of photothermal de-icing of the CG-SP coating under 1. 0 kW/m? light intensity(A),
ice melting time of CG-SP coating at different light intensities(B) and schematic diagram of photo-

thermal de-icing mechanism for CG-SP coating(C)

AT R TR i 28 0 P S5 (AR SC 2 H5: 5 8 1 . I 6(B) 7 T CG-SP 14 2 3R I £E AN [A) D A i i g
UKISFE] . BPAETE 0. 4 kW/m2H G HRER LT, CG-SP IR /25 45 VK i 0 AT 7E 3 min AL . B5 R KB,
CG-SPIRJZTE-15 CHUMIRIR T PRIFUL N ARG BR VK PERE . SEIABRVKHLEE Qi & 6 (C) iR, CG-SP
VR )2 3R L AE B BH Y RS T R 57, ¥R U VR 6 J B 1] PR s DRGSRt A b , 80 P i 4
FhEr, BURIX S A , HEI5E k.

2.5 HUHIREMEMLFERES

FRBT KR JZAE P AN R R A Akt e bt 252 B4 IR0 T I BRI AL 44047 .l A b 4REE
P2 | F T B AR R 2 PR T CG-SP YR IZ M HLARIN A .

RIS W& 7 (A) Bz, 8 FH e 7 [ 58 CG-SP g2 B s LA 8 HSR M8 30, Krg 2 E T
2000 H RPAC L, IFH 50 g IRERSAE M Tk, BN EEH RN RE SR 2550 10 em. Z8:4:0 200 R IPAREE#52
Je VR 2 K A2 fi £ (CA) DL (157+0. 8)° BE A AL 22 (150. 10. 9)°, ¥R B £f1 (SA) M (3. 2+0. 3)° . HE i
£(18.520.9)° [ 7(B) 1. ItAh, XF CG-SPIRJATEEESL AL 5 R ERE AT Tk i 7(COAT I,
FE 1.0 kWmPRDEREGR R, U2 R IR T 5, I RAFRREAE87. 6 CLIE 7(C)HK ], 44200
UAEPRES , IR 2R R A 2%, HARTERE 2R R 7(D) |, RPIHR KA
A RE 5 KRR .

BEAE, 43 BEF T T 1000 YK A IR B B4 PR 005 R 300 U3 T A SR I L P Bk AR 40
S6 (A (WA S HEE BD R . Zad 1000 AL AT & 630 )5, CC-SPIRIZM CA BEA RIS,
1M SA B R [ S6(A), WASCZHRE 8 . TS IEH 5, 761, 0 kWi RER TR, W2 R R
FE AR Ze & S6 (B) (WA SCZHFE S s, Hofw i AL AT 34 89. 6 “CLIEI S6 (B, WA
ARG R ] BT R e R AN ] S6 (CO A (WA S HF B ) IR . 283 300 R I BRI S , T2
() CA BT TR AEARATI R F 150° [ S6(C) , WA SCZHEF R ] 76 1. 0 kW (G IR B, IR 23R
TR E AL IR ZE AN B S6 (D) (WA SCSZHEE B iR , oA AT i 1 85 “CLEIS6 (D), WA SC S+

HE L DLRZEREY ) REEL NI R A LS e KRR, RS R TERE .
XEELE TR /U BZ CG-SP B K YR 2 A sk A UAcRe e

Chem. J. Chinese Universities, 2025, 46(9), 20250086 20250086(147/149)



Jd E% s Ky g R

:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ﬁﬁ:\,i
(A) 160 B) 100

150 - <———J 1%
'li‘ﬁ789IOH|7|3|4|5|5|7\8\§202\22232! o 460 ~
S 140 =1
&} 440 g

130
: p / ] 20
‘p m'f‘” 12 13 14 15 16 17 18 19 20.2\ 2 120 1 L L L L 0
T SE———— 0 50 100 150 200

Abrasion cycles

100

Temperature/°C

30 -*

120s 600
20 1 1 1 1 1 1

0 120 240 360 480 600
Time/s

Fig. 7 Sandpaper abrasion resistance performance of the CG-SP coating
(A) Schematic of the sandpaper abrasion test for CG-SP coating; (B) CA and SA changes of abrasion test; (C) temperature
variation curves of CG-SP coating under 1 kW/m? light illumination after abrasion test; (D) macroscopic surface appearance

of CG-SP coating before and after abrasion for 200 cycles.
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