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S1 Electrochemical Performance Measurements  

For the electrochemical characterization, the working electrodes were fabricated by 

mixing active materials, carbon black, styrene butadiene rubber, and sodium 

carboxymethyl cellulose at a mass ratio of 96:1:1.5:1.5 for MPCF@VG@SiNDs/C and 

80:10:5:5 for SiNDs/C and VG@SiNDs/C, which was then uniformly coated on the 

copper foil and dried at 80 ℃ for 12 h under vacuum. Obviously, the slurry ratio in the 

preparation of MPCF@VG@SiNDs/C electrode is different from those of SiNDs/C and 

VG@SiNDs/C electrodes due to their different specific surface area. As shown in Fig. 

2g, the specific surface areas of SiNDs/C and VG@SiNDs/C are far higher than that of 

MPCF@VG@SiNDs/C. Generally, larger specific surface areas need more binder to 

ensure the slurries coat on Cu foil. We once tried to prepare SiNDs/C and 

VG@SiNDs/C electrodes with the same binder as MPCF@VG@SiNDs/C, but it failed 

to form an electrode film. Besides, larger specific surface areas need more conductive 

agents to construct good electrode connectivity, thus ensuring the more fully reaction 

of Li+ and active materials. We once tried to prepare SiNDs/C and VG@SiNDs/C 

electrodes with the same conductive agent as MPCF@VG@SiNDs/C, but their 

capacity and rate capability are poor, which does not make useful performance 

comparisons with MPCF@VG@SiNDs/C. Based on these results, we choose the 

different slurry ratios for these electrodes.  
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S2 Supplementary Figures and Tables 

 

Fig. S1 Static sealed box furnace for the production of the SiNDs/C 

 

Fig. S2 Rotary sealed box furnace for growing VG on the SiNDs/C 

 

Fig. S3 Carbonization furnace for high-temperature carbonization 
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Fig. S4 Airflow crusher for sample crushing 

 

Fig. S5 Photos of the MPCF@VG@SiNDs/C material prepared by the kilogram. 

The electronic platform scale has been peeled, i.e., the mass of the glass container 

has been deducted. That is, the total amount of MPCF@VG@SiNDs/C obtained after 

one preparations is 4.9 kg. 
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Fig. S6 SEM images of the SiNDs/C nanospheres 

 

Fig. S7 (a-c) TEM and (d-f) AC-TEM images of the SiNDs/C nanospheres 

 

Fig. S8 a SEM image, b Nitrogen adsorption/desorption isotherms, and c pore size 

distribution of the SiNDs/C after NaOH etching  
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Fig. S9 SEM images of the VG@SiNDs/C 

 

 

Fig. S10 SEM images of the MPCF@VG@SiNDs/C 

 

Table S1 Particle size distribution (Unit: μm) 

Samples Dmin D10 D50 D90 Dmax 

MPCF@VG@SiNDs/C 9.16 12.33  20.04  33.56  59.17  
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Fig. S11 SEM images of MPCF@VG@SiNDs/C with acetic acid/chitosan ratio of (a, 

b) 0 L/2.5 kg, (c, d) 2.5 L/2.5 kg, and (e, f) 7.5 L/2.5 kg during the granulatio 

 

 

 

Fig. S12 a SEM image and b, c the corresponding EDS elemental mapping images of 

MPCF@VG@SiNDs/C 
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Fig. S13 a HAADF image and corresponding EDS images of b Si and c C of 

MPCF@VG@SiNDs/C. Before testing, the MPCF@VG@SiNDs/C is crushed with a 

mortar in order to reduce the size to observe  

 

Fig. S14 High-resolution XPS spectra for C 1s for the SiNDs/C 

 

Fig. S15 High-resolution XPS spectrum for Si 2p for the pyrolysis product at 1000 °C 

under Ar atmosphere without H2 reduction 
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Fig. S16 a High-resolution XPS spectrum for C 1s and b XRD pattern of the pyrolysis 

product at 1000 °C with an OMCTS/H2 flow ratio of 1/8 

 

Fig. S17 High-resolution XPS spectrum for Si 2p of the pyrolysis product at 800 °C 

with an OMCTS/H2 flow ratio of 1/4 

Table S2 The tap density and electrode compaction density of the obtained samples 

Samples Tap density (g cm-3) Electrode compaction density (g cm-3) 

SiNDs/C 0.24 0.44 

VG@SiNDs/C  0.22 0.47 

MPCF@VG@SiNDs/C  0.82 1.38 

Table S3 The first CE (%), reversible capacity (mAh g-1), and capacity retention (%) 

after 100 cycles of the obtained samples 

Samples First CE First capacity Final capacity Capacity retention 

SiNDs/C 78.1 2134.6 1908.1 89.4 

VG@SiNDs/C  71.7 1794.6 1716.8 95.7 

MPCF@VG@SiNDs/C  88.6 1512.2 1541.0 102.0 
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Fig. S18 Top-view SEM images of the SiNDs/C electrodes a before and b after 100 

cycles at 0.1 A g-1. Side-view SEM images of the SiNDs/C electrodes c before and d 

after 100 cycles at 0.1 A g-1 

 

Fig. S19 Top-view SEM images of the VG@SiNDs/C electrodes a before and b after 

100 cycles at 0.1 A g-1. Side-view SEM images of the VG@SiNDs/C electrodes c before 

and d after 100 cycles at 0.1 A g-1 

 

Fig. S20 Top-view SEM images of the MPCF@VG@SiNDs/C electrodes a before and 

b after 100 cycles at 0.1 A g-1. Side-view SEM images of the MPCF@VG@SiNDs/C 

electrodes c before and d after 100 cycles at 0.1 A g-1 
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Fig. S21 The fitted circuits of EIS spectra in Figs. 3g-i. a before cycling, b after cycling 

Table S4 Rs, Rct, Rf, and the slop of the sloping line of electrodes in low-frequency 

region before cycling and after cycling. The data are from the fitted circuit of EIS 

spectra in the manuscript in Figs. 3g-i 

Samples Rs Rct Rf slope 

SiNDs/C, before cycling 2.5 122.6 0 2.0 

VG@SiNDs/C, before cycling 2.2 91.4 0 3.9 

MPCF@VG@SiNDs/C, before cycling 1.7 56.2 0 7.5 

SiNDs/C, after the 1st cycling 3.9 76.9 13.8 1.3 

VG@SiNDs/C, after the 1st cycling 2.7 47.4 7.4 1.8 

MPCF@VG@SiNDs/C, after the 1st cycling 2.0 33.4 5.2 4.0 

SiNDs/C, after testing rate cycling 5.5 33.6 15.6 1.0 

VG@SiNDs/C, after testing rate cycling 3.5 20.1 8.1 1.6 

MPCF@VG@SiNDs/C, after testing rate 

cycling 

2.5 13.2 5.7 3.3 

 

Fig. S22 The electrochemical kinetic analysis of SiNDs/C: a CV curves at different 

sweep rates, b Log ip against Log v at marked peaks, c The percentages of 

pseudocapacitive contribution at different sweep rates 

http://springer.com/journal/40820


Nano-Micro Letters 

S11/S20 

 

Fig. S23 The electrochemical kinetic analysis of VG@SiNDs/C: a CV curves at 

different sweep rates, b Log ip against Log v at marked peaks, c The percentages of 

pseudocapacitive contribution at different sweep rates 

Table S5 Comparison of electrochemical performances of MPCF@VG@SiNDs/C 

with previously reported Si/C composites for LIBs anodes under industrial electrode 

conditions in open reports. CC-final charge capacity (mAh g-1), ICE-initial Coulombic 

efficiency (%), CR-capacity retention (%), ML-mass loading (mg cm-2), Ac-areal 

capacity (mAh cm-2), J-current density (A g-1), NC-cycle number, NA-not available 

Samples CC ICE CR ML Ac J NC References 

MPCF@VG@SiNDs/C 1541.0 88.6 102.0 2.52 3.81 0.1 100 This work 

MPCF@VG@SiNDs/C 1301.4 88.3 96.3 2.52 3.81 1 1000 This work 

MPCF@VG@SiNDs/C 975.6 88.0 82.6 2.52 3.81 5 1000 This work 

SN-MCB ~1500 ~ 80 80 1.5 2.7 0.8 500 Nano Lett. 2019, 20, 

625-635 

CNT@Si@C 1595.7 75 90 1.88 3.0 ~ 

0.4  

100 Nature Commun. 

2020,11, 1-9 

CNT@Si@C-Gr 718 ~ 84 92 4 3.0 ~ 

0.2 

500 Nature Commun. 

2020,11, 1-9 

SGCpitch 523 90.9 96.9 7 3.9 0.5  50 Adv. Energy Mater. 

2019, 9, 1803121 

C/Si@MPC-G 665 90.9 95.6 / 3.6 0.5  50 Adv. Mater. 2020, 32, 

2003286 

Gt-SiNW 644 ~ 77 87 2.7 3.0 2 250 ACS Nano 2020, 14, 

12006-12015 

SGC 525 92 96 / 3.3 0.5  100 Nat. Energy, 2016, 1, 

16113 
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Table S6 Comparison of electrochemical performances of MPCF@VG@SiNDs/C 

with previously reported Si/C composites for LIBs anodes under non-industrial 

electrode conditions in open reports. CR1-capacity retention (%) in cycling 

performances, CR2-capacity retention (%) relative to capacity obtained at the lowest 

current density in rate performances, ML-mass loading (mg cm-2), Ac-areal capacity 

(mAh cm-2) calculated at low current density, J-current density (A g-1), NC-cycle 

number, NA-not available. 

Samples CR1 CR2 ML Ac J NC References 

MPCF@VG@SiNDs/

C 

102.0 / 2.52 3.81 0.

1 

100 This work 

MPCF@VG@SiNDs/

C 

96.3 89.2 2.52 3.81 1 1000 This work 

MPCF@VG@SiNDs/

C 

82.5 78.9 2.52 3.81 5 1000 This work 

MPCF@VG@SiNDs/

C 

/ 60.2 2.52 3.81 20 NA This work 

Si/C-CVD ~ 85 NA 1.25 NA 0.

1 

100 Energy Stor. Mater. 2023, 

102857 

Si/C-SD ~ 64 NA 1.25 NA 0.

1 

100 Energy Stor. Mater. 2023, 

102857 

Si/SiO2@Graphene ~ 94 NA 0.6  1 130 Adv. Funct. Mater. 2023, 

33, 2211648 

Si/SiO2@Graphene ~ 93 NA 0.6  4 130 Adv. Funct. Mater. 2023, 

33, 2211648 

Si/SiO2@Graphene ~ 78 NA 0.6  2 500 Adv. Funct. Mater. 2023, 

33, 2211648 

Si/SiO2@Graphene ~ 80 NA 3  0.

4 

80 Adv. Funct. Mater. 2023, 

33, 2211648 

D-Si@RF-CTP 80.3 NA 0.7 0.8 0.

5 

200 Energy Stor. Mater. 

2023,56, 40-49 

GSCT-c ~ 80 NA 1.07  1.

2 

200 Energy Stor. Mater. 

2023,56, 319-330 

GSCT-c ~ 50 NA 3.04  1.

2 

200 Energy Stor. Mater. 

2023,56, 319-330 

Gr@Si/C/TiO2 ~ 70 NA 1.2  1.

2 

1000 J. Energ. Chem. 2023, 77, 

348-358 

Si NDs⊂MDN  90.1 83.1 2 ~2.9 1 1000 Adv. Mater. 2022, 34, 

2200894 

PCSi-2 62.8 NA ~1 ~2 1 500 Adv. Mater. 2022, 34, 

2109658 

PCSi-2 NA 20.5 ~1 ~2 16

.5 

NA Adv. Mater. 2022, 34, 

2109658 
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Si@25-PU ~50  0.9 ~2.6 0.

8 

1000 Nano Energy 2022, 103, 

107829 

Si-NSs@rGO 50 ~85 NA NA 2 1000 Adv. Funct. Mater. 2022, 

32, 2110046 

Si-NSs@rGO NA 70 NA NA 10 NA Adv. Funct. Mater. 2022, 

32, 2110046 

HD-Si@Ti3C2Tx@G 63.1 37.8 1-2 ~3.4 1 800 ACS Nano 2022, 16, 

4642-4653 

Si nanotubes 53 55.8 1 ~2.9 1 1000 ACS Nano 2022, 16, 

7689-7700 

PCC nSi 83.7 ~74 1.3 2.6 1 1000 Energy Stor. Mater. 2021, 

34, 768-777 

Si@C-Ni ~55 NA NA NA 0.

2 

1000 Energy Stor. Mater. 2021, 

39, 1-10 

Sip-NS@TNSs 48 NA 1 ~2.2 1 2000 ACS Nano 2020, 14, 

5111-5120 

SHCM/NCF 86 NA 1 ~2 1 800 Adv. Funct. Mater. 2021, 

31, 2101487 

SGC 83.3 ~60 NA NA 2 380 Energy Stor. Mater. 31 

(2020) 36-43 

SGC NA 32.1 NA NA 20 NA Energy Stor. Mater. 31 

(2020) 36-43 

Si@void@C 73.5 59.1 1 ~2.4 2 1000 ACS Nano 2019, 13, 

12219-12229 

 

Fig. S24 The finite element model established for uniform distribution of 

crystalline/amorphous Si nanodots in amorphous carbon nanospheres 
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Fig. S25 a XRD patterns of SiNDs/C before and after the charge/discharge process. 

High-resolution XPS Si 2p spectra of SiNDs/C after b discharging to 0.01 V and c 

charging to 3 V 

 

Fig. S26 XPS spectra of MPCF@VG@SiNDs/C before and after cycling. a C 1s, b F 

1s, and c Li 1s  

 

Fig. S27 SEM images a-c and corresponding EDS images d-f of MPCF@SiNDs/C 
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Fig. S28 a Rate curve and b EIS spectra of MPCF@SiNDs/C 

According to Fig. S28a, the rate capacities of MPCF@SiNDs/C at 0.1, 0.2, 0.5, 1, 

2, 5, 10, and 20 A g-1 are 1430.6, 1321.4, 1252.7, 1183.6, 1054.1, 872.2, 756.1, and 

572.7 mAh g-1, respectively. By comparison with the rate performance of 

MPCF@VG@SiNDs/C in Fig. 3c, it can be concluded that the rate capacities of 

MPCF@VG@SiNDs/C are much higher than MPCF@SiNDs/C, demonstrating the 

important role of VG on Li-ion transport. Before cycling (Fig. S28b), the value of Rct 

of MPCF@SiNDs/C is larger than MPCF@VG@SiNDs/C, further confirming the 

significant advantages of MPCF@VG@SiNDs/C on charge transport capability.  

 

Fig. S29 The electrochemical kinetic analysis of MPCF@SiNDs/C: a CV curves at 

different sweep rates, b Log ip against Log v at marked peaks, c The percentages of 

pseudocapacitive contribution at different sweep rates  

To compare the Li+ storage kinetics in MPCF@SiNDs/C and 

MPCF@VG@SiNDs/C electrodes, we perform CV measurements on 

MPCF@SiNDs/C electrode with sweeping rates ranging from 0.1 to 20 mV s−1 (Fig. 
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S29a). For MPCF@SiNDs/C, b values are calculated to be 0.81 and 0.73 for peaks 1 

and 2, respectively (Fig. S29b), which are lower than those of MPCF@VG@SiNDs/C 

electrode (b values are calculated to be 0.91 and 0.84 for peaks 1 and 2, respectively, 

Fig. 4e). This result demonstrates that the MPCF@VG@SiNDs/C electrode has a 

higher capacitive contribution on capacity compared to MPCF@SiNDs/C electrode. As 

the scan rate increases from 0.1 to 20 mV s-1, the contribution of capacitance rises from 

44.1% to 82.6% for the MPCF@SiNDs/C electrode (Fig. S29c), which is much lower 

than MPCF@VG@SiNDs/C electrode (46.9 to 96.5%, Fig. 4f). The higher capacitive 

contribution is beneficial for obtaining higher capacity and better rate capability. These 

results indicate that MPCF@VG@SiNDs/C has a significant advantage over 

MPCF@SiNDs/C in promoting Li-ion transport. 

 

Fig. S30 a, b, c SEM images of the NCM811. d Galvanostatic charge/discharge voltage 

curves at 0.1 C, e cycling performance at 0.1 C, and f rate performance of the NCM811 

Table S7 The specific testing conditions in full cell. The full cells are charged to 4.2 V 

at a current density; afterward, a constant voltage is applied at 4.2 V with a cut-off 

relatively low current density. Then, after 5 min quiescence, the full cells are 

discharged to 2.8 V at a current density 

Testing current 

density  

Charging (Constant 

current) 

Charging (Constant 

voltage) 

Discharging 

(Constant current) 

0.1 C 0.1 C 0.01 C 0.1 C 

0.2 C 0.2 C 0.01 C 0.2 C 

0.5 C 0.5 C 0.01 C  0.3 C 

1.0 C 1.0 C 0.02 C 0.6 C 

2.0 C 2.0 C 0.02 C 1.2 C 

3.0 C 3.0 C 0.02 C 1.8 C 

The gravimetric energy density can be obtained according to Eq. S1 [S1, S2]. 
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Gravimetric energy density (Wh kg-1) =
( )










+



inactiveactive mm

VCc

                         (S1) 

Where V, Cc, mactive, and minactive represent the nominal voltage (3.46 V), cell capacity 

(2 Ah), active mass (cathode and anode, 11.48 g), and inactive mass (conductive agent, 

electrolyte, binder, separator, current collectors, external packing material, 10.00 g), 

respectively. 

The volumetric energy density of the full cell obeys Eq. S2 [S3]. 

Volumetric  energy density (Wh L-1) =
( )











+



inactiveactive tt

VCc

                  (S2)  

Where V, Cc, tactive, and tinactive represent the nominal voltage (3.46 V), cell capacity 

(89.7 mAh cm-2), the thickness of active mass (cathode and anode, 0.183 cm), and 

inactive mass (separator, and current collectors, 0.117 cm), respectively. 

Table S8 Fast-charging performances of various materials in full cells. CR-Capacity 

retention (%) compared with the pristine value obtained at 0.1 C, Cycle number-CN, J-

current density (C)  

Samples CR CN J References 

MPCF@VG@SiNDs/C 92.2 25 1 C This work 

MPCF@VG@SiNDs/C 88.6 30 2 C This work 

MPCF@VG@SiNDs/C 84.2 35 3 C This work 

Si/SiO2@G-S ~ 67 10 3 C Adv. Funct. Mater. 2023, 33, 2211648 

Si (7 μm)-WMG_H 56.8 20 2 C Energy Stor. Mater. 2022, 50, 234-242 

Si/G@C/TiN 77.0 25 2 C Energy Stor. Mater. 2020, 29, 367-376 

Si-C  73.0 15 3 C Nano Lett. 2020, 20, 625-635. 

C/Si/graphite 48.6 25 3 C J. Power Sources 2020, 457, 228021. 

SiOx/C 89.7 20 1 C Energy Stor. Mater. 2018, 112-118. 

Si/edge-plane activated graphite ~80.0 15 3 C Nat. Commun. 2017, 8, 812. 

Silicon-nanolayer-embedded 

graphite/carbon 

88.0 20 1 C Nat. Energy 2016, 1, 16113. 
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Table S9 Comparison of cycling stability of various materials under high current 

densities in full cells. CR-Capacity retention (%), Cycle mumber-NC, J-current density 

(C) 

Samples CR NC J References 

MPCF@VG@SiNDs/C 97.0 100 0.1 This work 

MPCF@VG@SiNDs/C 78.3 1000 1 This work 

D-Si@RF-CTP 70.6 200 0.5 Energy Stor. Mater. 2023,56, 40-49 

GSCT-c 60.4 300 1 Energy Stor. Mater. 2023,56, 319-330 

Gr@Si/C/TiO2 66.7 270 1 J. Energ. Chem. 2023, 77, 348-358 

Si/SiO2@G-S ~89 300 0.5 Adv. Funct. Mater. 2023, 33, 2211648 

GP-Si 89.6 50 0.5 Adv. Funct. Mater. 2022, 32, 2107897 

Micrometer-sized Si/C 80 450 0.5 Adv. Mater. 2021, 33, 2103095 

Si/GNs-0.33 67.4 400 0.3 Energy Stor. Mater. 2021, 34,  311-319 

PCC nSi 80.0 200 1 Energy Stor. Mater. 2021, 34, 768-777 

SGC-19/Gr 78.1 500 0.2 Energy Stor. Mater. 2021, 35, 317-326 

SN-MCB 80 500 1 Nano lett. 2020, 20, 625-635 

Gt−SiNW 70 300 0.2 ACS Nano 2020, 14, 12006-12015 

Si-C  83 300 1 Nano Energy 2020, 76, 105065 

Si/G@C/TiN 79.0 50 1 Energy Stor. Mater. 2020, 29, 367-376 

Table S10 Comparison of EV and EG of our full cells with previosuly reported full 

cells when Si/C composites as anode materials in LIBs based on industrial electrode 

conditions  

Samples EV, (Wh L-1) EG, (Wh kg-1) References 

MPCF@VG@SiNDs/C 1694.0 602.8 This work 

D-Si@RF-CTP / 329 Energy Stor. Mater. 2023,56, 40-49 

GSCT-c / 288.4 Energy Stor. Mater. 2023,56, 319-330 

EGS 623 220 Adv. Energy Mater. 2020, 10, 1903400 

graphite/SiN 412.2 / Energy Environ. Sci. 2020, 13, 1212-1221. 

SN-MCB / 340 Nano lett. 2020, 20, 625-635 

Si/G 912 474 Energy Environ. Sci. 2020, 13, 3723-3731 

Gt-SiNW / 414 ACS Nano 2020, 14, 12006-12015 

C/Si@MPC-G 932 333 Adv. Mater. 2020, 32, 2003286 

MGS 1205.6 / Nat. Commun. 2019, 10, 1-10 

Si/edge-plane activated graphite 1060 / Nat. Commun. 2017, 8, 812. 

Silicon-nanolayer-embedded 

graphite/carbon 

1043 474 Nat. Energy 2016, 1, 16113. 

http://springer.com/journal/40820


Nano-Micro Letters 

S19/S20 

Table S11 Comparison of EV and EG of our full cells with previosuly reported full cells 

when Si/C composites as anode materials in LIBs based on non-industrial electrode 

conditions  

Samples EV, (Wh L-1) EG, (Wh kg-1) References 

MPCF@VG@SiNDs/C 1694.0 602.8 This work 

Gr@Si/C/TiO2 / 489.3 J. Energ. Chem. 2023, 77, 348-358 

Si NDs⊂MDN / 366 Adv. Mater. 2022, 34, 2200894 

p-Si@C 

 

/ 361.6 Energy Stor. Mater. 2022, 46, 384-

393 

Si-Gr 

 

/ 390 Energy Stor. Mater. 2022, 49, 111-

121 

Si@25-PU / 453 Nano Energy 2022, 103, 107829 

PCC nSi / 466 Energy Stor. Mater. 2021, 34, 768-

777 

Si p-NS@TNSs 

 

/ 405 ACS Nano 2020, 14, 5111-5120 

Gt−SiNW / 414 ACS Nano 2020, 14, 12006-12015 

Si/G@C/TiN / 476 Energy Stor. Mater. 2020, 29, 367-

376 

 

Fig. 31 The drone powered by the prepared pouch full cell 
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