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Supporting information 1: Scanning electron microscope images of (a) as-received Ge powders (100
meshes); (b) ball-milled Ge powders (8 hrs at 30 rpm); (c) transmission electron microscope image and (d)
size distribution of ball-milled Ge powders; (¢) transmission electron microscope image and (f) size
distribution of carbon black nanoparticles. Scale bars for b, ¢ and e are 1 um; scale bar for a is 100 um.
Note: because TEM only gives 2-D projected images of 3-D particles and these Ge powders are highly
=2/t
irregular in shape, we use Heywood diameter to represent the size of Ge powders ( ), where d, is
the equivalent diameter of the circle that has the same area as the projected area from TEM image and A

is the projected area of particle from TEM image.(Clark, 1984)
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Size distribtution of ground Ge powders
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f Size distribution of carbon black NPs
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Supporting information 2: SEM images of Ge asymmetric membranes. (a) 100 um thick before
carbonization (Ge 15WT100M, top view); (b) 100 um thick after carbonization at 800 °C for 2 hrs (Ge
15WT100M, top view); (c) 250 um thick before carbonization (Ge 15WT250M, top view); (d) 250 um
thick after carbonization at 800 °C for 2 hrs (Ge 15WT250M, top view); (e) top view and (f) cross-section
view of polysulfone/carbon black membranes (PS/CB 15WT250M) before carbonization; (g) top view
and (h) cross-section view of polysulfone/carbon black membranes (PS/CB 15WT250M) after
carbonization at 800 °C for 2 hrs.
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Supporting information 3: dg/dv vs. voltage curve for Ge asymmetric membrane of 100 um wet
thickness that were carbonized at 800 °C for 2 hrs during the first three formation cycles.

157 _ - 1stcycle [

104 « 2ndcycle i

. + 3rdcycle I

5] - I
S o ; !
% 54 ¥ i
% ] ) Ge asymmetric membrane -
3 -10 4 ) (100 um, 800 °C, 2 hrs) B
© 5] -
-20 - B

-25 - ] B

— 1 rr T r T - T r T T 71 7
00 02 04 06 08 10 12 14 16
Voltage vs. Li+/Li (V)



