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Introduction: 

 
Activated Carbon Monoliths (ACM) were developed by Applied Catalysts in the late 

1980’s [1] for adsorption and catalytic applications.  The major volume use for the 

monoliths is the adsorption and desorption of gasoline in hybrid vehicles.  It is estimated 

that greater than 10,000 tons of gasoline per day are recycled back to the automobile 

instead of lost to the atmosphere as “bleed” emissions by ACM materials.  The 

advantages of the ACM over powder and granular carbon is the low pressure drop, 

attrition resistance, and high efficiency of adsorption/ desorption.    

 

ACM has similar advantages as a catalyst support material in continuous fixed bed 

reactor processes.  Low pressure drop, low attrition, high activity, high selectivity, and 

better heat transfer are each advantages that can be realized depending on the process 

design and process chemistry.  ACM catalysts, or ACMC, have been shown to be 

excellent for hydrogenation reactions.  The focus of this report is to describe results for 

ACMC-Pd as a hydrogenation catalyst used in a continuous hydrogenation process. 

 

Since hydrogenations are highly exothermic, it is envisioned that multi-tubular reactors 

will be used for commercial installations.  In such systems, shell and tube reactors are 

used to allow for heat removal from the catalyst.  Further, small diameter tubes (e.g. 1” to 

2”) are used to enable heat removal and minimization of the temperature rise across the 

reactor.  Reactor tubes of 10 to 20 feet in length may be used to completely convert the 

substrate in a single pass of the reactor.  For chemistry that is equilibrium limited, 

multiple reactors with separation would be used to isolate converted and unconverted 

product. 

 

The mass flows, pressure, and temperature, and reactor length needs to be determined for 

each chemistry.  Batch reactor data can help guide the initial targets.   

 

 

Experimental 
 

The hydrogenation performance was measured using a fixed bed reactor system that has 

been described in detail previously [2], see Figure 1.   The reactor system is comprised of 

a 3 ft by 1” I.D. reactor that is feed liquid using an HPLC pump and gases using Brooks 

Mass Flow controllers.  The reactor is pressurized by pumping against a back-pressure 

regulator that located after a knock-out pot to collect the hydrogenated liquid.  This unit 

was designed by Applied Catalysts with the assistance of Parr Instruments Inc., who now 

sells similar lab test reactor systems. 
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Figure 1.  Lab Hydrogenation Test reactor system. 

 

 
 

 

The catalyst preparation was done using standard techniques such as incipient wetness 

impregnation and deposition precipitation.  The details are proprietary and will not be 

disclosed further here. 

 

 

Catalyst Performance Testing to Model Commercial Fixed bed 

reactor Performance 
 

The catalyst performance in a long tube (10-20 foot) in a commercial reactor was 

modeled using a 3 foot reactor with a 1 foot catalyst bed by passing material through the 

reactor multiple times.  The number of times required for complete conversion is an 

indication of the reactor length needed in the commercial reactor.  This determination is 

complicated by the ability to remove heat from the reactor.  The reactor used here is an 

unjacketed reactor tube heated with a clam shell furnace with three temperature zones.   

Since there was no cooling applied to the reactor, the outlet temperature of the liquid 

relative to the inlet temperature gave an indication of the exothermicity of the reaction.  

The tests were usually designed such that the increase in temperature at the outlet was 

kept to 20 to 40 °C.  This was managed by adjusting the reactor pressure and temperature 

for a liquid flow rate of 26 mL/minute to have a single pass conversion of ~5-10% or 

less.  Further the reactor was run with limited heat applied to the second and third heated 

zones to minimize the exotherm observed. 
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As an example of using multiple passes to simulate the reactor length needed for 

complete conversion, a test reaction, nitrobenzene hydrogenation in isopropanol (10 wt% 

nitrobenzene), was used.  The cumulative conversion of nitrobenzene with each reactor 

pass is given in Figure 1.  The reactor conditions were 60 °C inlet temperature and 50 psi.  

The liquid flow rate was 26 mL/min and the gas flow rate was 0.8 sL/min.  The data 

shows greater than 99% conversion after 18 passes.  This suggests that a bed length of 

~20 ft should be sufficient for the catalyst bed length for tubes in a commercial reactor.   

The total residence time in the reactor was ~2 hrs corresponding to an LHSV of 0.5 hr-1. 

 

 

Figure 2.  Cumulative Nitrobenzene conversion for ACMC-Pd-115-101H at 60 °C 

and 50 psi. 
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Estimate of rate constant at zero conversion or initial rate constant 
 

 

An initial rate constant can be determined from the data in Figure 1, see Table 1.  This 

number was calculated by plotting: 

 

-ra =Fa*delta X/ delta V   

 

where: 

-ra is the instantaneous rate constant 

Fa is the flow rate of organic in moles/ s 
X is the conversion 

V is the Volume of the catalyst bed. 

 

 

The calculated quantities are given in a table in Appendix 1, and a plot showing the fit to 

the determine the extrapolated initial rate constant is in Figure 2.   

 

 

 

Table 1.  Parameters used for initial rate constant calculation 

 

extrapolated initial rate 
constant 0.022 mol NB/L s 

temperature 60 °C 

pressure 50 psi 

Catalyst ACMC-Pd-115-101H 400 CPSI 

liquid flow 26 mL/min 

Hydrogen flow 800 sccm 
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Figure 3.  Determination of the initial rate constant 

 

 

 

 
 

 

 

 

 

Catalyst Performance at 75 C versus 60 C. 
 

The catalyst performance discussed above is representative.  The reaction conditions of 

temperature, pressure and flow rate can impact the reactor length required.  As an 

example of this, we compare the conversion with reactor length data for a Nitrobenzene 

hydrogenation run as above, where the average temperature in the reactor was ~15 C 

higher.  The data shows that a markedly shorter bed length can be used.   



 
Advanced Technology  ♦  Superior Performance 

5555 Pleasantdale Road    Doraville, GA 30340 

Telephone: (678) 735-4931   www.appliedcatalysts.com  

 

 

 

Figure 4.  Cumulative Nitrobenzene conversion for ACMC-Pd-115-101H at 60 °C, 76 °C 

and 50 psi. 
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Comments 
 

As shown in the data above, the ACMC-Pd-115-101H has sufficient activity to achieve 

>99% conversion of the 10% Nitrobenzene solution to Aniline in 4 to 18 reaction passes.  

This suggests that a reactor with a catalyst bed with a 5 to 20 ft length will fully convert 

the solution.  Similarly, a multi-tubular reactor comprised of 5 to 20 ft reactor tubes will 

convert n times the material, where n is the number of tubes.  Use of higher pressures and 

temperatures will enable higher flow rates of nitrobenzene solution to be converted in the  

same length of reactor tube, or shorter reactor tubes to be used.  The chemistry was not 

run to higher conversion here to prevent exotherms as the reactor had no heat removal. In 

a commercial plant, a shell and tube (multi-tube) reactor would be used, such that the 

heat could be taken from the reactor to keep the outlet solution temperature below 

temperatures at which lower selectivity to product would result.   

 

The test reaction above was presented as a non-proprietary example.  Many different 

hydrogenation chemistries have been run over this same catalyst, including neat reactants 

(no solvent) and aqueous solutions, with similar results to those shown here. 

 

Applied Catalysts would be pleased to run your test chemistry to show that similar results 

will be achieved.  Also, Applied Catalysts would be pleased to provide ACMC material 

to your catalysis needs for continuous process chemistry.  ACMC-Pd is one of numerous 

catalysts that can be provided for a variety of chemistries, including one or more of the 

following metals: Pt, Rh, Ni, Cu, Mn, Co, Mo, etc.  An example of ACMC-Pt for 

oxidation of BTX 
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Appendix 1: Rate constant data from multi-pass reactor run in Figure 1. 

 

pass 

Cumulative 

Nitrobenzene 

Conversion delta V (L) delta X Fa (mole/ s) -ra (mol/L s) 

0 0.0 0 0 0.0000000 

 1 9.1 0.154 9.10 0.0002935 0.01729475 

2 22.2 0.154 13.13 0.0002668 0.022690015 

3 30.8 0.154 8.56 0.0002283 0.01265071 

4 39.8 0.154 9.01 0.0002032 0.011846489 

5 48.9 0.154 9.12 0.0001767 0.010439191 

6 59.3 0.154 10.34 0.0001499 0.01004146 

7 68.2 0.154 8.92 0.0001196 0.006907954 

8 73.5 0.154 5.36 0.0000934 0.003240337 

9 76.7 0.154 3.21 0.0000777 0.001612071 

10 81.8 0.154 5.01 0.0000683 0.002215594 

11 86.7 0.154 4.92 0.0000535 0.001704872 

12 90.5 0.154 3.80 0.0000391 0.000962139 

13 93.7 0.154 3.21 0.0000279 0.000580409 

14 94.3 0.154 0.57 0.0000185 6.80755E-05 

15 96.1 0.154 1.88 0.0000169 0.000205777 

16 97.5 0.154 1.38 0.0000113 0.000101002 

17 98.5 0.154 0.97 0.0000073 4.568E-05 

18 99.0 0.154 0.57 0.0000045 1.63421E-05 

19 99.4 0.154 0.40 0.0000028 7.18351E-06 

20 99.8 0.154 0.38 0.0000016 3.99411E-06 
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