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Tough sheets of nanowires produced floating in
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Comparison of growth rates for SINWs grown by CVD, including

FCCVD
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Figure S1: Reported SINW growth rates for gold-catalysed low pressure CVD (<40mbar)!
and atmospheric pressure CVD7 using SiH, as precursor.



Macroscopic aggregates formed in the gas-phase

Figure S2: Observation of macroscopic aggregates of SINWs at the exit of the FCCVD
reactor a) Scheme indicating location of samples and where the photograph was taken. b)
Photograph showing widespread small macroscopic aggregates floating in the gas phase. c)
Higher magnification image of b).



Additional electron micrograph of SiINWs

SiINW diameter distributions were obtained by image analysis of scanning electron micro-
graphs at a magnification of 50k. Figure S3 shows an examples of a typical micrograph

used.

Figure S3: Example of a typical SEM micrograph used for determination of SINW diameters.



SiNW diameter vs aspect ratio & SiNW diameter vs length
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Figure S4: Plots of SINW diameter versus aspect ratio (a) and length (b), showing that
aspect ratio of FCCVD-grown SiNWs is independent of SINW diameter.



Contact between SiNWs

Small diameter SINWs can form contact areas, which are effectively domains over which
they can transfer stress in shear. Some examples are shown in the electron micrographs in

Figure S5.

Figure S5: Electron micrographs showing SiNWs forming bundles. The large contact area
give rise to high tensile fracture energy in the macroscopic SINW sheet.



Tensile tests and mechanical data

Table S1: Comparison of tensile properties of 1D nanomaterial ensembles and other porous
materials

Composition Relative density Density Fracture Strength Fracture Reference
0/ Ptheory (g/cm®) energy (J/g) (MPa/SG) strain (%)

SiNW sheet 0.061 0.128 0.18 + 0.1 12.1 £3 2.75 + 0.7 (this work)
CNT-buckypaper 0.28 0.53 0.27 11.9 0.7 8

CNT-fibre 0.5 0.5 13 1444 4 9
BNNT-buckypaper 0.2 0.4 0.56 7 8 10

NF of PAN, SiO,  0.005 0.008 0.02 0.5 7 1

NF of SiOq 0.002 0.005 0.01 0.8 3.5 12

SiO5 aerogel 0.028 0.075 0.001 0.13 ~ 2 13

As an example of bulk Si we consider a Si wafer. Tensile strain-to-break (0.06%) and
tensile fracture energy (0.03X10°J/m?) are calculated from experimental values of tensile
strength (102 MPa)'* and assuming linear elastic behaviour with the modulus of crystalline
Si (165.6 GPa).'® Specific tensile fracture energy comes out as 0.014.J/g. Mechanical data
for Si-based electrodes is obtained from reference.' For CNT-free electrodes: strength =
0.25M Pa, strain-to-break = 0.35% and tensile fracture energy = 2.5210%J/m? (0.003.J/g).
Composite electrodes with 7.5 wt.% carbon nanotubes showing near theoretical capacity
have strength = 4.5M Pa, strain-to-break = 5% and tensile fracture energy = 0.15210°J /m?

(0.217/g).

Comparison of methods for synthesis of 1D inorganic nanostruc-

tures

For BNNT, we take an average length of 0.2m and average diameter of 6.5nm,'" continu-
ous throughput of 20mg/h estimated from TEM observations!® and particle concentration
calculated from flow rates for sample N in reference.!” For CNT fibres, data are from in-
house samples produced using IMDEA’s FCCVD system under synthesis conditions reported

previously. ' For CNT thin films, data are from reference.?°
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