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Figure S1. The XRD spectrum of cellulose

                                    (S1)
𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒𝑐𝑟𝑦𝑠𝑟𝑎𝑙𝑙𝑖𝑛𝑖𝑡𝑦 =

𝐼002 ‒ 𝐼𝑎𝑚
𝐼002

Here, I002 is the diffraction intensity of 002 crystal face, Iam is the diffraction intensity of the 

amorphous part.
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average particle size = 65.3 um

Figure S2. SEM images of cellulose

Here, we take the length of the cellulose particle as the benchmark and measure one hundred 

units to obtain the data in the Figure S2.
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Figure S3. H2-TPD profiles of Co@C catalyst samples.
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Figure S4. NH3-TPD profiles of Co@C catalyst samples.
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Table S1. Acid mount of Co@C catalysts determined by NH3-TPD.

Ctalyst Co@C-600 Co@C-700 Co@C-800

Acid amount 

(mmol/g)
0.034 0.027 0.019

Table S2. Reaction time to the gas phase distribution of Co@C-700 catalyst for cellulose 

hydrogenolysis.

Tim

e (h)

Conversio

n

(%)

Gas 

phase 

yield

(C-

mol%)

CH4

Selectivit

y

(%)

C2H6

Selectivit

y

(%)

C3H8

Selectivit

y

(%)

C4H10

Selectivit

y

(%)

n-C6H14

Selectivit

y

(%)

CO2

Selectivit

y

(%)

2 57 2.2 53.5 0 0 0 2.0 44.5

2.5 99 4.4 50.5 0 0 2.8 7.0 39.7

3 100 4.3 56.5 0 1.5 2.0 1.9 38.1

3.5 100 6.3 53.4 0 0 1.7 3.3 41.6

4 100 5.7 53.1 1.5 2.0 2.2 2.5 38.7

Reaction conditions: 210 °C, 0.1 g cellulose, 50 mg Co@C-700, 5.5 MPa H2, 5 ml 0.06 M H3PO4, 800 rpm.
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Table S3. The CHN elemental analysis of Co@C catalysts via two parallel tests.

Catalyst Run C (%) H (%) N (%)

Co@C-600 1 21.00 0.84 0.20

2 21.19 0.86 0.19

Co@C-700 1 22.89 0.74 0.14

2 22.47 0.73 0.15

Co@C-800 1 58.44 0.50 0.14

2 62.89 0.34 0.14

Table S4. Ethanol conversion over Co@C-700 catalyst in H3PO4

Gas products 

selectivityEntry Ethanol dosage (g)
Reaction 

time
Conversion

Gas phase 

yield

(C-mol%)
CH4 C2H6 CO2

1 0.1007 0.5 h 3.2% 2.23 53.4 0.5 46.1

2 0.1003 1.0 h 5.9% 3.74 51.4 3.2 45.4

Reaction conditions: 210°C, 50 mg Co@C-700, 5.5 MPa H2, 5 ml 0.06 M H3PO4, 800 rpm.
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Figure S5. O1s XPS spectra of Co@C catalysts at different calcination temperature
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Figure S6. C1s XPS spectra of Co@C catalysts at different calcination temperature
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Figure S7. TEM images and statistical distribution of Co@C-700 particle size after 5 runs
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Figure S8. TG-MS analysis of Co@C-700 catalyst.

The experiment was conducted at the heating rate of 10 °C/min under 100 ml/min N2 flow. The 

outlet gases from the decomposition was monitored by H2O (m/z=18), CO (m/z=28), CO2 

(m/z=44). Two main weight losses of about 2.5% and 3.5% were observed in the range of 50 °C -

250 °C and 300 °C -600 °C during the decomposition, respectively. Based on the MS 

measurements, the weight losses (below 210 °C) were mainly ascribed to the H2O desorption of 

Co@C-700 catalyst


