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1. Experimental conditions for preparation graphene using the two-steps method
Table S1. Experimental conditions for preparation of graphene

Step 2:
Stepl: Ball Products
Materials Hydrothermal Results
milling label
treatment
No OBPs
Expanded Easy to coagulate in NMP (Figure 6)
nanoparticle -
graphite 20g AFM:32.69~263.00nm(Figure S5a).
Time :6h
No BHPs
Expanded 180°C 3 h with Easier to coagulate in NMP (Figure 6)
nanoparticle
graphite 20g 30 mL HNO; AFM:15.74~82.60 nm( Figure S5b).
Time :6h
Expanded OHPs
180°C 3 h with Bulk graphite.
graphite No
30 mL HNO; No effective exfoliated .
0.5g
Heavy sediment after 7th days. (Figure 6). BFPs
25g Fe304
Expanded Few-layer graphene (Figure S1). AFM:~5.02 nm
nanoparticles --
graphite 20g (Figure S5c)(after standing on the magnet holder and
Time : 6h
being centrifuged at 3000rpm)
2.5g Fe304 highly stable for over 30™ days. FLG
Expanded 180°C 3 h with
nanoparticles AFM: 100% less than 6 nm and 92% less than 3.5 nm
graphite 20g 30 mL HNO;
Time : 6h (without centrifuged).

2. A comparison between different methods of producing few-layered graphene.
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Table S2. A comparison between different ball-milling and hydrothermal treatment methods of producing few-layered graphene in terms of the production
yield and/or the amount of graphite/graphene, using the data available in the literature

Amount of raw Ref
Methods Times Product and Yield Advantages / Disadvantages
materials
Low-cost, eco-friendly/ long time, less raw materials, low efficiency, no !
300mg Wet ball-milling 16h 0.29mg/ml graphene nanosheets /--
height information and exfoliation efficiency
Few-layer graphene/ about 95% <5 layers(thickness 2
High efficiency/ long time, less raw materials, argon shield, only counted by
0.6g Ball-milling 20h distribution obtained by HRTEM counting the layers at the
HRTEM
edges of 80 platelets.)
GO >650 m2 g—1/ the carbon-based yields ranged from 86 to No harsh chemicals, low cost/ long time, no height information and 3
1.49¢g/1.40¢g Ball-milling 24h
97% exfoliation efficiency
Mass ration=1: 4 (no Plasma-assisted Eco-friendly/high voltage, no exfoliation efficiency, no flakes thickness 4
8h Few-layer graphene< 10 layers/--
mass information) ball milling distribution
Few-layer graphene thickness less than 10 nm, corresponding Less time/ DY50 easily induced to explode, less raw materials, no flakes 3
75mg Ball-milling 2.5h
to 7-24 layers/ Production yield ~100% thickness distribution
Eco-friendly/ long time, argon shield, no exfoliation efficiency, no flakes 6
S5g Ball-milling 45h Multi-layer graphene(<10 layers)/--
thickness distribution
Eco-friendly/ long time, no exfoliation efficiency, no flakes thickness 7
0.2g Ball-milling 30h Few-layer graphene 1.5 ~3 nm/--
distribution
Eco-friendly/ long time, no exfoliation efficiency, no flakes thickness 8
2.0g Ball-milling 24h Few-layer graphene ~1.0nm/--
distribution, complex operation (10 min pause every 20 min)
The estimated average number of layers per graphene= 4.4/ o
10 mg mL—1 Wet ball-milling 6h Less time/low exfoliation efficiency, no flakes thickness distribution
The corresponding graphene yield is about 26%.
Low-cost, less time/ less raw materials, no exfoliation efficiency, no flakes 10
0.8g Wet ball-milling 10h Few-layer graphene < 10 layer/ 0.0085mg/ml-h

thickness distribution
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Amount of raw Ref
Methods Times Product and Yield Advantages / Disadvantages
materials
Eco-friendly/ long time, no exfoliation efficiency, no flakes thickness 1
8g Ball-milling 24h Few-layer graphene/--
distribution
some (no mass Low-cost, eco-friendly/ long time, no exfoliation efficiency, no flakes
Ball-milling 24h Few-layer graphene 2~10layers/-- 12
information) thickness distribution, complex operation (every 2 h opening the jar)
Low-cost, eco-friendly/ long time, no exfoliation efficiency, no flakes
25g Ball-milling 24h Graphene nanosheets: HRTEM < Slayers, AFM< 2nm/-- 13
thickness distribution
Low-cost, eco-friendly/ long time, no exfoliation efficiency, no flakes
Sg Ball-milling 48h Multi-layers graphene/-- 14
thickness distribution
Low-cost, eco-friendly/ long time, no exfoliation efficiency, no flakes
Ig Ball-milling 48h Few graphene/-- 15
thickness distribution
Eco-friendly/ long time, no exfoliation efficiency, no flakes thickness
0.01 gmL/L Ball milling, 30h Few-layer graphene sheets<<5 layers /-- 16
distribution
Hydrothermal Low-cost, eco-friendly/ low yield, no exfoliation efficiency, no flakes
1.9¢g 4-10h single- or few-layer graphene/ quantitative yields ~10 wt% 17
reaction+ stirred thickness distribution
Hydrothermal
0.25¢g 24h single- or few-layer graphene/ yields ~8.2 wt% Low-cost, environmentally friendly/ long time, low yield 18
reaction
Hydrothermal Easier economical/ long time, no exfoliation efficiency, no flakes thickness
0.08 mol/L 12h Few-layer graphene(8—12 single-layer graphitic nanosheet)/-- 19
reaction distribution
Hydrothermal The obtained ultrathin graphite nanostructure :2-10 layers, Easier economical/ complex for sample pre-preparation, no exfoliation
0.5g 10h 20
reaction AFM : about 5 nm/-- efficiency, no flakes thickness distribution
Ball-milling 6h +
Few-layer graphene/ AFM: 92% <3.5 nm. HRTEM: 92% <10 High exfoliation efficiency (up to 92% <10 layers), high output rate (up to This
20g Hydrothermal %h
layers. 85.26%), less ball milling time (6h) and amounts of raw materials work

reaction 3h
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3. Characterizations of the obtained products at different experiment conditions
The obtained powders by resonant ball milling with Fe;O4 nanoparticles(BFPs) were
dispersed in NMP with the concentration of 0.Img/ml. After standing on the magnet
holder for 24 hours, the solution was centrifuged at 3000 rpm, and the supernatant was
collected for TEM and AFM characterization. As shown in Figure S1, S2 and Figure
S5c, we found that the edge sizes were 2-10 layers and the height of sample was less

than 5.02 nm.

Figure S1. TEM and HRTEM images of the BFPs.
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Figure S2. a:AFM images of the BFPs
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Figure S3. SEM images of the powders; a: the OBPs, b: the BHPs, c: the BFPs, d: the FLG
nanosheets, e: the analysis of the image d by the nanomeasure software, f: the lateral
dimension distribution of image e measured by nanomeasure software, g: image of the FLG

nanosheets in NMP with the concentration of 0.1 mg/ml after 30" days.
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Figure S4. a: TEM images of the OBPs, b: TEM images of the BHPs, ¢: TEM images of the

BFPs, d: TEM images of the FLG nanosheets.
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Figure S5. AFM image of the obtained products; a: the OBPs, b: the BHPs, c: the BFPs, d:
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Figure S6. Flake thickness distribution measured using AFM analysis of the FLG nanosheets.
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Figure S7. Image of the FLG nanosheets in pure water with the concentration of 20 mg/ml to

0.04 mg/ml.

4. Using Raman spectroscopy to measure flake thickness

The Ng (number of layers) of the FLG nanosheets were obtained by the additional

Raman analysis. It is well known that the shapes of the 2D Raman bands (around

2700 cm'?) reflect the thickness of the FLG. According to the formula obtained by
Coleman and col.® %, we calculated the Ng in our samples. The number layers of the
prepared FLG nanosheets by two-steps method with FezO4 nanoparticles was
calculated from comparison with the Raman spectrum of the initially expanded
graphite material. We applied the following equation:

Ng = 1(00-84M+0.45M2 1)

Where M is equal to:

_ Iz2pene(W=wp 2pite)/I2Dene(W=Ws 2pite) (2)

Izpite(W=Wp 2pite)/I2Dite(W=Ws2Dite)

Where l2pene and lopite correspond with the intensity of 2D band for graphene and
graphite, respectively. At least 20 individual Raman spectra of few-layer graphene

nanosheets that were measured under the same test conditions were used to analyze
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the calculations. The Raman results show that the FLG nanosheets had an average

thickness of 7-8 layers.

Table S3. Number of layers (NG) for FLG

Sample Band@2730.80cm’* Band@2700.72cm™* Relation M Ng
L2pwp! 2D,
(120, wp) (120, ws)
Graphite 0.32 0.22 1.45 1
Graphene 0.32 0.29 1.09 0.76 7.94

5.Procedures for Depositing FLG nanosheets Coatings on Various Substrates

(1) Deposition of FLG nanosheets films on PTFE membranes by filtration (see Figure
8a-b)

0.3ml of 10 mg/mL auxiliary grinding (Fe3O4 nanoparticles) ball milling powders and
FLG nanosheets aqueous solution was diluted with water to form 30 mL solution and
filtrated on a PTFE membrane with diameter of 50 mm and pore size of 0.1 um. The
resulting FLG nanosheets coated PTFE film was dried at ambient conditions and its
sheet resistance was measured with a four-point probe sheet resistance tester (M3,

China).

(2) Deposition of FLG nanosheets conductive traces by hand drawing (see Figure 8c

and 8e-g)

A liner dye brush was used for painting FLG nanosheets conductive traces on plastic
pipe (Figure 8c), A4papers (Figure 8e), plant leaves (Figure 8f) and copper wire (Figure
8g) using the 10 mg/mL FLG nanosheets solution in ethanol as the ink. The wet FLG

nanosheets traces were then dried at ambient conditions for further tests.

(3) Deposition of FLG nanosheets coatings on PET film by spin coating (see Figure.
8d)

150 puL of 10 mg/mL FLG nanosheets ink in ethanol was spread on a 3 cm x 3 cm PET
film with 1000 ml pipette, and spin coated at 400 rpm for 30 s and then 2000 rpm for

30s. This spin coating process was repeated several times to obtain FLG nanosheets
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coated PET film with average sheet resistance of about 51.80 ohm/sq, which was

measured 5 times by M3 four-point probe sheet resistance tester.

Figure S8. SEM images of the powders; a-b: A4 paper, e-f: PET, c-d: PTFE with the BFPs, g-
h: PTFE with the FLG nanosheets.

Table S4. Sheet resistance of the PTFE and PET film measured by M3.

PTFE 1 4410.00 4580.00 4190.00 4210.00 4360.00 4350.00
PTFE 2 597.00 550.00 628.00 621.00 657.00 610.60
PET 57.30 47.50 48.50 52.20 53.50 51.80
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