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Parametric Sensitivity in Chemical Systems
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Parametric Sensitivity in Fixed-Bed Reactors

CO OxidationVinyl Acetate Synthesis



Ç Selectivity/Yield Issues: 

Parallel or Consecutive Reactions

Ç Polymerization Reactions

Ç Sensitivity Analysis in Air Pollution

Ç Sensitivity Analysis in Metabolic Processes

Ç Sensitivity Analysis of Combustion Synthesis

Ç Model Reduction via Sensitivity Analysis

~20 original research papers and monograph:

A. Varma, M. Morbidelli and H. Wu, Cambridge University Press, (1999; 2005)

Other Topics Investigated



A recent example: 

Low-temperature oxidation of methanol

40% methanol used for formaldehyde production

ÅMo-Fe: 

250-400 ǓC, S=95%, X=98%

ÅAg: 

560-600 ǓC, S=70%, X=90%

ÅOther catalysts: 

VO
x
, Cr-Mo, MoO

3
, etc. T=300-500 ǓC

Industrial Processes

S = selectivity to formaldehyde

X = methanol conversion

Å High selectivity ( S > 90-95% )  at low 

temp (<  b.p.).

Å Long catalyst lifetime

StabilityInitial test

Target

Y. Xiao, Y. Wang and A. Varma, J. Catal., 363 (2018), 144

70ǓC, 1 atm, 0.02 g catalyst, methanol feed rate 0.6 mL/h (liquid, at room temperature), 

preheated at 70 ǓC before entering the reactor, total gas flow rate 100 mL/min 

methanol b.p.= 65 ǓC



Effect of Bi addition

QBi addition to Pt [1]

Tune selectivity for alcohol oxidation, e.g. glycerol to 1,3-dihydroxyacetone

1. Y. Xiao et al., AIChE J., 63 (2017), 705

2. Y. Xiao, Y. Wang and A. Varma, J. Catal., 363 (2018), 144

Methanol conversion and selectivity toward formaldehyde over various catalytic materials, (a)ï(f) referring to 1% Pt-

y % Bi catalysts, when y = (a) 0, (b) 0.2, (c) 0.33, (d) 0.5, (e) 1, (f)2; (g) for 2% Bi and (h) for bulk Bi2O3. 

QEffects of Bi loading and Temperature [2]



Trend to Runway

Kinetics and thermodynamics 

�û�+5=-676 kJ/mol

Reactor configuration

Fits of kinetics

Side reaction: 

Å strong exothermic

Å runaway trend

Y. Xiao, and A. Varma, In preparation

�û�+1=-180 kJ/mol


