Nickel silicide nanowire anodes for microbial fuel cells to advance power
production and charge transfer efficiency in 3D configurations

The growing energy demands of the industrial world have driven advancements in green energy
technologies. Microbial fuel cells (MFCs), which harness power from microorganisms, show
promise for energy extraction from wastewater and sludge. However, challenges remain in
improving power output and sustaining performance under high-charge conditions. Incorporating
nanomaterials into 3D structures offers potential solutions, including miniaturized designs. This
study introduces nickel silicide nanowires as anode materials for MFCs. Synthesized on nickel
foam, these nanowires form a 3D nickel-based structure with semi-metal nanostructures. Tested in
a microfluidic MFC system with E. coli, this configuration achieved significant improvements,
including a peak power density of 323 mW m™ and a current density of 2.24 A m™, representing a
2.5-fold increase in power and a 4-fold boost in current compared to bare nickel foam. Nutrient
broth proved the most effective charge transfer medium, surpassing glucose and urea by 3 and 5
times, respectively. These results, supported by EIS and SEM analyses, highlight the role of
nanowires in enhancing charge transfer and sustaining high-current performance. The presented
3D nickel-based configuration anode offers advancements in microbial fuel cell technology,
providing a foundation for further enhancements and applications in energy harvesting systems.

Power density (mWi/m')

I I I S

Densi

‘ ' “ VI,
'L‘«x';.mm

Anode

S L 50 )b JUiil g ol gF (g (Pl St (29,500 (5 g S Ui 50 b S5 51 219950 51 ool

G A

1S (29,500 B g Sladn Sl 00l e (6551 slacs ol Sl esliiul )5 8 i cage Ol )0 51 Lol Al
5 o il b ol b yls ol 51 65,1 ads gl oVl Lol s o oolitl (65,0 aalss (6lys UpaslS s oo
sle tzle o olgegil 5l oolaiwl el oaile 3L 29,5 Jb dax 3l alizes Loyl oy o Sloe Laa> g (29,5 Glg5 Sgupe

Al S pl &8 oz o ol Wiy so (gaman



0ddh Jibw JS5 98 (595 p armsgil ol S so (2 yme MFCS (sl wiT oole gy | syluckins JS5 (slapamgils dalllas o
Syaslis Ko MFC s 5 5o 0l (sl i so Sd 6 3800 (gl it Lugil b S5 51 s (gompds Lo S5
2 Slssken YTV ey 5SLe plgs S8z ) ol (o0 a5 0lo i | ez BB 09 9 28,5 )15 (talojl 5,54E. cOli (g 251 L
S pgd s Cond 0y 50 620 T 5 OlF 50 6l YO Ll cod 4 &S cpesie el YYE by S8z 5 e yie

8,5 o Ll wms so Hlid 1) Gider e

9 3505 5 e 2l Vo go Shee g o aslis [b JWsl aawly o 5 590 oylgie 4 Nutrient broth ;i solacu! aalllas ol 5o

o3l o SLLs SaS (gums s (6 s (9, y2 0lgegil 3l oolaiul aS ols lid gt (pl 0,5 Lasin 1) YL lasl > 4o
el ails 6551 ad g



