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Introduction  

Hydroformylation is a relevant industrial homogeneously catalyzed reaction, largely 

applied in industry for production of aldehydes and other bulk chemical platforms. 

The most common catalysts used at industrial scale are homogeneous cobalt and 

rhodium complexes, especially those with phosphorus ligands, which further require 

severe separation processes [1]. Therefore, the heterogenization of these catalysts 

leads to a cost-efficient and environmentally friendly process, even more convenient 

when biomass residues are used as renewable carbon-based catalyst supports.  

The objective of the present work is to use P-containing activated carbon materials 

prepared from lignin, a co-product from the paper-making industry,  as the catalysts 

support for Rh catalysts for the hydroformylation of 1-octene. The  influence of 

different P/Rh molar ratios, as well as the presence of Mg on the carbon precursor 

and the catalyst recyclability was studied. 

Experimental 

The activated carbons were prepared by physical activation of olive stone with H2O at 

800 ºC (AC, without P and Mg) and by chemical activation of two residual lignins 

(Hansa, HNa, and Lignex, LMg) with H₃PO₄ (H₃PO₄:lignin ratio of 3) at 800 ºC under 

N₂. Rh2(OOCCH3)4 was deposited on the carbon supports by incipient wetness 

impregnation, using different P/Rh molar ratios (5, 10, 15 and 20). For AC, 1 wt% of 

Rh was added. All samples were submitted to a reduction step under 10% H₂ at 250 

ºC. The hydroformylation experiments were carried out in a batch setup under 

constant syngas pressure (semi-batch conditions), with a H₂/CO molar ratio of 1, a 1-

octene/Rh molar ratio of 9800, at 70 ºC, 40 bar and up to 8 h. LMgC-x and HC-x 

correspond to the activated carbons prepared from LMg and H lignins, respectively, 

where x is the P/Rh molar ratio. 

Results and discussion 



LMgC and HC activated carbons exhibit relatively high BET surface areas of 305 and 

1490 m2/g, respectively, along with mesopore volumes of 0.29 m3/g for LMgC and 

1.33 cm3/g for HC. XPS analysis reveals that the surface concentrations of P and Mg 

in LMgC are 5.9 and 0.6 wt%, respectively, while in HC, they are 2.5 and 0.0 wt%.  

a) 

Catalyst 
X 1-

octene 
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S 
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S 
olefins(%) 

l/b 

Rh/AC 13.38 23.20 54.04 13.71 2.33 

Rh/HC-15 36.20 24.73 57.89 16.54 2.34 

Rh/LMgC-5 24.01 24.21 57.09 18.07 2.36 

Rh/LMgC-15 53.11 23.49 51.72 24.05 2.20 

Rh/LMgC-20 34.19 24.79 57.79 17.05 2.33 
 

 

Figure 1. Hydroformylation of 1-octene a) using different catalysts after 4 h of reaction; b) as a function of 
reaction time for Rh/LMgC-15. 

1-Octene conversion and selectivities towards major reaction products are presented 

in Figure 1. The major reaction products are nonanal, methyl octanal and olefinic C8 

isomers. The presence of P and Mg on the activated carbon support leads to higher 

conversions of 1-octene, whereas the linear-to-branch (l/b) aldehydes ratio remains 

constant. The l/b aldehyde ratio shows a value of 2.2-2.3 for all the catalysts after 4 h 

of reaction, which is similar to that obtained for the homogeneous phase catalyst 

RhH(CO)(PPh₃)₃ at iso-conversion conditions [1]. 

 The highest conversion of 1-octene is obtained for Rh/LMgC-15 at any reaction time, 

with a maximum value of 86 % after 8 h of reaction and a yield to nonanal of 35 %. 

On the other hand, the l/b aldehyde ratio decreases with long reaction times (Figure 

1b), since olefinic C8 isomers are converted into branched aldehydes.  

In summary, the use of renewable carbon-based supports has been studied for the 

hydroformylation of 1-octene. The presence P and Mg on the activated carbons 

produces higher conversions, while maintaining a high selectivity to aldehydes. 
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