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Figure S1. (a) Digital-camera photos of 3D current collectors after different 

treatments and top view SEM images of the pristine 3D current collectors (b) 

and the ones after500 ℃ annealing under N2 atmosphere for 2 hours (c), 

soaking in DEC solution (d) and cycling for 20 cycles (e). 

 

To demonstrate the mechanical durability of the prepared 3D Cu samples, the 

samples were treated by 500 ℃ annealing for 2h, DEC soaking for 2h and 
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cycling for 20 times, prospectively. Then we compared the digital-camera 

images and SEM images among original sample and treated samples. The 

Figure S1a shows that no geometrical or copper color change was observed 

after annealing, soaking or cycling, indicating the strong mechanical robustness 

of the coated copper on the fiber. The SEM images in Figures S1 b-e show that 

the porous inner structure of samples stays the same after treatments.  

 

 

 

 

 

Figure S2. Pore-size distributions of polycarbonate and its corresponding PDA 

coated and Cu coated structures. 



Figure S3. High magnification SEM image of copper coated glass fiber, 

showing that copper is well coated on the fiber.   
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Figure S4. XPS characterization of polydopamine-coated and copper coated 

surfaces in the polycarbonate frameworks. 

 

 

 

 

 

 

 

 

 



 

 

Figure S5. The 2D simulation performed on COMSOL Multiphysics using the 

“Tertiary Current Distribution, Nernst-Planck (tcdee)” module. The data shown 

here used D = 5x10
-6

 cm
2
/s as the Li

+
 ion diffusivity in the electrolyte, which is 

close to the experimental value (on the order of 10
-6

 cm
2
/s). The electrolyte 

concentration, temperature and average current density are all the corresponding 

experimental values. (a) The geometry of the simulation cell with the length 

expressed in meters. The nuclei of Li (at the bottom) has a width of 1.5µm and 

height of 2.75µm for the center one and 1.75µm for the other four. Circles 

above the nuclei represent the 2D sections of the 3D copper wire network. For 

simplicity we assume the section is perpendicular to the wire direction. 

According to the SEM pictures in Fig. 2 the 3D copper network has a diameter 

distribution around 1µm. Thus, the diameters of the large and small circles are 

chosen as 1µm and 0.6µm, and the positions of these circles are randomly 

chosen. Note that the observed phenomena remain largely unchanged for 



different directions and sizes of the 3D copper wire. (b) Configuration of the 

battery, with the top blue line standing for the cathode in a real battery, and the 

remaining surface in blue are the anode. We consider the 3D copper wires are 

connected to the actual current collector on anode. According to the SEM 

figures, the deposition of Li to the 3D copper network has a limited thickness. 

Thus, for simplicity, in the simulation here the deposition is set to happen on the 

bottom current collector and the Li metal nuclei, but not on the 3D copper 

wires.  

 

 

Figure S6. Significantly reduced Li
+
 current density “hot spots” with 3D copper 

structure. (a)-(c) Current density distribution without 3D copper structure after t 

= 0, 100, and 200s of simulation. (d)-(f) Current density with 3D copper 

structure at the corresponding simulation times.  

 



 

Figure S7. SEM images of the morphology after the deposited Li stripping out 

of the composites. 



Figure S8. SEM images of the morphology of Li deposited on 2D and 3D 

current collectors with current density of 1 and 2 mA cm
-2

 for a total of 1 mAh 

cm
-2

 of Li after 20 cycles. Top view SEM images of the 20th Li plating on 2D 

current collectors (a) (c), and 3D frameworks (c) (d) at 1 mA cm
-2

. Top view 

SEM images of the 20th Li plating on 2D current collectors (e) (g), and 3D 
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frameworks (f) (h) at 2 mA cm
-2

. 

 

The benefits of 3D framework can be directly seen from the high rate lithium 

plaiting. A much more even distribution of lithium metal was observed in the 

3D current collector than the 2D counterpart, while dendritic Li appeared 

obviously on the 2D planar after high current density cycling. In the 3D 

framework, lithium metal was hosted by the copper coated fiber and prevent the 

formation of dendritic lithium particles. In contrast, the accumulation of 

extremely inhomogeneous lithium deposition can be observed from the 2D 

copper foil after lithium plating.   

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S9. (a) SEM image of the 50th Li stripping of the commercial Ni foam 

coated with Cu at current density of 0.5 mA cm
-2

 for a total of 1 mAh cm
-2

 of 

Li. (b) the SEM images of the polycarbonate objects with too small pore size 

(100 to 200 nm) under the same test condition. 

 

 


