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Section S1 Experimental Methods

S1.1 Chemicals and materials

Chemicals including type 2 oil, hydrochloric acid (37 wt.%), Methyl Methacrylate Polymer 

(PMMA), and ethyl lactate were purchased from Sigma-Aldrich. Other chemicals including 

mineral oil, methylene blue trihydrate, oil red O, and acetone (> 99.5%) were purchased from 

Thermo Fisher Scientific. Nickel foam (Purity > 99.99%, porosity > 95%) with a thickness of 

1.6 mm and a surface density of 346 g m-2 was purchased from MTI Corporation. Teflon film 

with a thickness of around 80 μm was purchased from McMaster-Carr.

S1.2 Materials Fabrication

Fabrication of GPs/Ni. The GPs were synthesized by a customized inductively coupled plasma 

enhanced chemical vapor deposition (PECVD) system. In a typical procedure, a monolith of 

Ni foam substrate with a plane size of 1 cm × 10 cm was placed in a sealed cylindrical quartz 

tube, vacuumed to <10 Pa, and heated to 800 °C. A gas flow of CH4 (6 mL min–1) and H2 (6 

mL min–1) was then injected into sealed tubes to act as precursors of GPs, with the growth 

pressure maintained at ∼60 Pa. Subsequently, a radio frequency source of 300 W was coupled 

into the quartz tube. After growth for 2 h, the sample was cooled down under the protection of 

20 mL min–1 Ar flow to obtain the GPs/Ni sample.

Fabrication of GPF film. The GPs/Ni samples were immersed in PMMA solution (4 wt.% in 

ethyl lactate), and then baked at 180 °C for 30 min. The PMMA-protected GPs/Ni samples 

were then immersed in a 3 M HCl solution at 80 °C overnight to completely dissolve the nickel 

ligaments to obtain GPF/PMMA composite. Finally, free-standing GPF samples were obtained 

by dissolving the PMMA with hot acetone at 50 °C for three times. The free-standing GPF was 
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then protected by a thin Teflon film for further oil recovery tests.

S1.3 Materials Characterization

Scanning electron microscope (SUPRA40, Zeiss) was applied to characterize the morphology 

of the samples. An ultraviolet–visible–near-infrared spectrophotometer (Cary UV-Vis-NIR 

models 5000) with external diffuse reflectance accessories (DRA) 150 mm integrating sphere 

was used to measure the photonic transmittance (T) and reflectance (R). Photonic absorbance 

(A) was calculated by A = 1 – T – R. The oil recovery process is recovery by a digital camera. 

A solar simulator (Newport 94023) with a <3° collimated output was used as the light source. 

An optical filter was used to obtain a standard AM 1.5G spectrum. An optical power meter 

(S401C, Thorlabs) was used to detect the solar density. An infrared camera (A600, FLIR) was 

used to detect the surface temperature distribution of the GPF sample under solar irradiation of 

1 kW m-2. Oil viscosity was tested by a Discovery HR-2 hybrid rheometer from TA Instruments 

rigged with a DHR Jacket Peltier concentric cylinder and a TA Instrument Rotor conical/DIN 

SST Smart-Swap Bob (28.00 mm diameter). CANNON Instrument Company Standard S60 

samples were employed calibrate the rheometer before conducting viscosity tests. All tests 

were conducted at ambient temperature of ∼23 °C and atmospheric pressure of ∼0.1 MPa, with 

a humidity of ∼49%. Error analysis is conducted with multiple sets of repeatable tests.
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Section S2 Supplementary Figures

Figure S1. (a) and (b) SEM images of compressed Ni foam. 
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Figure S2. Optical images showing the oil recovery test by the Teflon substrate in dark 

condition at (a) 0 h and (b) 48 h. No oil is transferred from the left chamber to the right chamber 

during 48 h, indicating that the Teflon substrate exerts no influence on the oil recovery process.
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Figure S3. SEM images of (a) GPF and (b) GPs/Ni. GPs exhibit negligible structural changes 

during the etching of Ni foams.
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Figure S4. Schematic illustrating the light-trapped capability of GPs. 
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Figure S5. (a) Water contact angle measurement of the GPF skimmer after thermal reduction 

at 1000 ℃ in Ar environment for 2 h. (b) Volume evolutions of recovered oil by the GPF 

skimmers before and after the thermal reduction at 1 sun of solar illumination.
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Figure S6. Optical images of capillary rise of the mineral oil against gravity on (a) GPF and 

(b) GPs/Ni oil skimmers. The red liquid is mineral oil dyed by oil red. The upper surfaces of 

the mineral oil are indicated by yellow lines. The capillary rises can be verified by 

Supplementary Videos S3-4.
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Figure S7. Optical images showing the thickness of GPF. (a) Thickness of GPF protected by a 

Teflon film. (b) Thickness of the Teflon film. Thickness of the GPF can thus be calculated by 

0.14-0.08 mm = 0.06 mm.
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Figure S8. (a) and (b) SEM images of PECVD-grown GPF with a growth time of 40 min. (c) 

and (d) SEM images of GPF with a growth time of 80 min. (e) and (f) SEM images of GPF 

with a growth time of 120 min.
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Figure S9. (a) Viscosity evolution of type 2 oil as a function of temperature. (b) Volume 

evolutions of recovered type 2 oil by the GPF skimmer at 1 sun and under dark condition.
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Table S1 Comparison of oil recovery performance between the GPF oil skimmer and previous oil 

recovery devices

Year External consuming energy Solar irradiation Oil recovery rate Ref.

2016 Pump 580 L m-2 h-1 1

2017 Pump and heater - 672.8 kg m-2 h-1 2

2018 Pump - 3

2018 Pump 1.5 kW m-2 4

2017 Squeezer and Heater - 5

2017 Pump - 6

2019 - 1 kW m-2 123.3 L m-2 h-1 7

2019 Pump - 8

2019 Pump 1 kW m-2 315 kg m-2 h-1 9

2020 Squeezer - 10

2020 Pump 1 kW m-2 186.8 kg m-2 h-1 11

2021
Pump and external alternating 

magnetic field
- 330.5 kg m-2 h-1 12

2021 Pump 1 kW m-2 124 kg m-2 h-1 13

Our work - 1 kW m-2 318.8 L m-2 h-1 -
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