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List of pioneer works concerning hydrogenolysis of cellulose over heterogeneous catalysts 

Table S1 Recent advances on the catalytic conversion of cellulose into polyols on various heterogeneous catalyst* 

Entry Catalyst 

Reaction 

Condition* 

Cellulose 

(wt%) 

Conversion 

(%) 

Yield (%) 

References 

S M Ery Gly 1,2-P EG 

1 

2.5% Pt/Al2O3 

0.21 g 
463 K, 5 MPa H2, 24 h 

0.8 

(0.48g + H2O 60 mL) 
n.r. 25 6 n.r. n.r. n.r. n.r. 

1, 2 

2 
60% Ni/SiO2-Al2O3 

0.009 g 

463 K, 5 MPa H2, 24 h 
0.8 

(0.16g + H2O 50 mL) 

n.r. 2 n.r. n.r. n.r. n.r. n.r. 

3 
4 wt% Ru/C 

0.1 g (0.04 mmol ) 

518 K, 6 MPa H2, 0.5 h 
2 

(1g + H2O 50 mL) 

85.5 29.6 9.7 6.1 6.4 6.8 5.6 3 

4 

2% Ni-30% W2C/AC 

0.15 g 

518 K, 6 MPa H2, 0.5 h 

1 

(0.5 g + H2O 50 mL) 

100 3.9 1.9 2.3 n.r. 7.6 61.0 

4, 5 

5 

3% Ni/AC 

0.15 g 
518 K, 6 MPa H2, 0.5 h 

1 

(0.5 g + H2O 50 mL) 
69 3.8 1.2 0.7 n.r. 4.2 5.8 

6 

Ni5-W15/SBA-15 

0.3 g 
518 K, 6 MPa H2, 0.5 h 

1 

(1.0g + H2O 100 mL) 
100 5.8 2.2 6.0 n.r. 3.2 76.1 

6 

7 
20 wt% Ni/AC 

0.3 g 

518 K, 6 MPa H2, 0.5 h 
1 

(1.0g + H2O 100 mL) 

71.9 10.1 1.5 0 0 4.3 9.2 

8 
WCx/MC 

0.3 g 

518 K, 6 MPa H2, 0.5 h 
1 

(1.0g + H2O 100 mL) 

100 1.2 1.4 1.5 n.r. 5.1 72.9 7 

9 16%Ni2P/AC (1:2) 498 K, 6 MPa H2, 1.5 h 

1 

(0.5 g + H2O 50 mL) 

100 48.4 4.7 n.r. n.r. 1.2 8.2 8 
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10 

1% Ni/CNT 

0.05 g 
458 K, 5 MPa H2, 24h 

0.8 

0.16g + H2O 20 mL) 
n.r. 69 4.0r 5.0. 5.0 n.r. n.r. 9 

11 
3 wt% Ni/ Al2O3 

0.5 g 

503 K, 4 MPa H2,, 4 h 
2 

(1g + H2O 50 mL) 

78.0 4.7 1.2 1.5 0.0 1.3 12.3 

10 

12 
3 wt% Ni/AC 

0.5g 

503 K, 4 MPa H2, 4 h 
2 

(1g + H2O 50 mL) 

80.8 9.5 2.6 4.6 0.0 6.9 8.7 

13 

3 wt% Ni/CNF 

0.5 g 

503 K, 6 MPa H2, 4 h 

2 

(1g + H2O 50 mL) 

93.9 22.7 4.9 7.8 1.8 7.1 6.5 

14 

3 wt% Ni/CNF 

0.5 g 
463 K, 6 MPa H2, 24 h 

2 (ball-milled) 

(1g + H2O 50 mL) 
92.2 50.3 6.2 12.8 1.0 1.2 2.5 

15 

3 wt% Ni/CNF 

2.5 g 
463 K, 6 MPa H2, 24 h 

10 (ball-milled) 

(5g + H2O 50 mL) 
94.0 47.0 6.9 10.7 0.1 1.5 6.4 

16 

5 wt% Ru/C 0.1 g+ 

H2SO4 

433 K, 5MPa H2, 5h 

5 

(0.5 g + Acid 10 mL) 

74.0 11.7 n.r. 0.0 n.r. 5.7 0.0 11 

17 
5 wt% Ru/C 0.25g+ 

H4SiW12O40 

463 K, 9.5 MPa H2, 1 h 
2 (ball-milled) 

(5g + H2O 50 mL) 

100 85 (S+M) n.r. n.r. n.r. n.r. 

12 

18 

5 wt% Ru/C 2.5g+ 

H4SiW12O40 

463 K, 5 MPa H2, 24 h 

20 (ball-milled) 

(5g + H2O 50 mL) 

65 

38 

S+M 

n.r. n.r. n.r. n.r. n.r. 

19 

2 wt% Pt(N)/BP2000 

1 mg 

463 K, 5 MPa H2, 24 h 

0.8 (ball-milled) 

(0.324g + H2O 40 mL) 

101 52.7 12.1 n.r. 2.0 ( C2-C3 polyols ) 13 

20 
2 wt% Ru/AC(N) 

0.05 g 

463 K, 18 h 

0.8 (ball-milled) 

(0.324g + H2O 30 mL + 

2-propanol 10 mL) 

85.2 36.3 10.6 6.7 ( C2-C4 polyols ) 14 
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21 

Pt/H-ZSM-5(23) 

0.05 
518 K, 6 MPa H2, 2 h 

0.17 

(0.05g + H2O 30 mL) 
93 1.3 0.8 n.r. n.r. 21.0 7.2 15 

22 
2 wt% Ru/C ( 0.2 g), 

0.5 g Ca(OH)2 

473 K, 6 MPa H2, 0.5 h 
4 

(0.05g + H2O 50 mL) 

38.3 trace trace n.r. n.r. 5.5 6.7 16 

* Intial H2 pressure measured at room temperature; abbreviations:  n.r. = not reported, S = sorbitol; M = mannitol; Ery = erythritol; Gly = glycerol, 1,2-P = 1,2-propanediol, EG = ethylene glycol. 
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Results 

The qualitative results for liquid products from cellulose hydrogenolysis showed 

the product were very complex and included methanol, i-propanol, ethanol, 

n-propanol, n-butanol, 1,2-propanediol, ethylene glycol, 1,2-butanediol, 

1,2-hexanediol, glycerol, erythritol, sorbitol, mannitol, glucose and so on (Fig. S1). A 

set of typical GC and IC spectra of cellulose degradation products were shown in Fig. 

S2. 

 

Fig. S1 The qualitative results for liquid products from cellulose hydrogenolysis  

a 
Based on GC-MS analysis, 

b
 based on the IC retention time 
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Fig. S2 GC and HPLC spectra of cellulose degradation products over 20% Ni/ZnO 

catalyst. (1) GC, (2) IC, 
a
 standard samples, 

b
 cellulose degradation products 
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Fig. S3 Comparation of  the samples after reaction, reaction condition: 

microcrystalline cellulose (FMC PH-101, 20-100 mm, 83% crystallinity), 0.5 g; H2O, 

50 mL; temperature, 518 K; H2 pressure, 6 MPa at room temperature; 800RPM; a 

without a catalyst, reaction time, 2 h; b partially conversion of cellulose over Ni/ZnO 

(0.15 g), reaction time, 0.5 h; c complete conversion over Ni/ZnO, reaction time, 2 h 
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Fig S4 High-resolution ion chromatograms of degradation products of cellulose 
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Table S2 Results of cellulose conversion over supported catalysts
a
 

 

Entry 

 

Catalyst
b
 

Conv.
c
 

(%) 

Yield based on carbon
d
 (%) 

1,2-PD
e
 EG 1,2-BD 1,3-PD 1,2-HD Total

f
 

20 Ni/Al2O3 + ZnO 94 9.4 9.1 3.4 0.7 4.9 27.5 

21 Ni/kieselguhr + ZnO 96 12.9 11.7 1.4 0.6 5.4 32.0 

22 Ni/ZrO2 + ZnO 88 14.8 13.3 8.2 1.2 6.6 44.1 

23 20% Ni/ZnO-leaching 75 0.8 1.1 0.5 0.2 0.3 2.9 

24 NONE 68 - - - - - - 

a
 Reaction conditions: catalyst, 0.15 g; microcrystalline cellulose (FMC ph-101, 20-100 mm, 83% crystallinity), 0.5 g; H2O, 50 mL; temperature, 

518 K; H2 pressure, 6 MPa at room temperature; 800 RPM;  reaction time, 2 h. 
b
 Metal loadings are referred to nominal values of Ni loading on 

the support analysed by ICP. Entries 17-20: 0.15g Ni catalyst and 0.12 g ZnO; Entry 21: filtrate of 0.15g 20% Ni/ZnO treated in water without 

cellulose under reaction conditions  
c
 Cellulose conversions were calculated by the weight loss of cellulose in the reaction. 

d
 The yields of 

polyols were calculated using the equation: Yield (C%)=(moles of carbon in the products)/(moles of carbon in cellulose charged into the 

reactor)×100%. 
e
 Abbreviations: PD=propanediol, EG=ethylene glycol, BD=butanediol, HD=hexanediol; 

f
 sum of glycol yield. 
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Fig. S5 TEM images of ZnO and Ni/ZnO catalysts (a) ZnO, (b) 15% Ni/ZnO, (c) 20% 

Ni/ZnO, (d) 30% Ni/ZnO; (e) 40% Ni/ZnO, (f) 20% Ni/ZnO-IM 
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Fig. S6 TEM images of Ni 

catalysts Metal loading: 20wt% 

(a) Ni/AC, (b) Ni/Al2O3, 

(c) Ni/kieselguhr, (d) Ni/MgO, 

(e) Ni/SiO2, (f) Ni/TiO2,  

(g) Ni/ZrO2 
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Table S3 Nickel particle size calculated calculated by the Scherrer’s equation 

Entry Catalyst Particle Size 

1 20% Ni/Al2O3 17.0 

2 20% Ni/kieselguhr 23.9 

3 20% Ni/SiO2 27.0 

4 20% Ni/TiO2 19.2 

5 20% Ni/AC 18.3 

6 20% Ni/ZrO2 18.2 

7 20% Ni/MgO 9.5 
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Fig. S7 Comparison of the temperature-programmed reduction (TPR) profiles of Ni 

samples (a) NiOx (calcination of Ni(NO3)2 at 773 K for three hours), (b) 20% 

Ni/ZnO-IM, (c) 20% Ni/ZnO, (d) 20% Ni/Al2O3, (e) 20% Ni/kieselguhr, (f) 20% 

Ni/SiO2, (g) 20% Ni/AC, (h) 20% Ni/TiO2, (i) 20% Ni/ZrO2, (j) 20% Ni/MgO 
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