Effect of catalysts on combustion of
paper mill sludge, paulownia wood
and micro algae
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Background

» Combustion is the thermal decomposition of biomass in
presence of excess air or oxygen

» Rate determined by monitoring the weight loss versus
temperature

» Biomass combustion reaction can be modeled by the rate
law (lyer and Rao, 2002; Maiti et al, 2007)
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Arrhenius rate equation

'k’ can be replaced by Arrhenius parameters, E and A

da__dW A

da _ _ A BRr i n
ar gt

Assuming n=1

ln(d—aj = ln(é] _= +In(l-a)
dT pB) RT

E = Activation energy, which plays significant role in the
decomposition reaction,
A = pre-exponential factor, f= heating rate



Previous studies: Catalytic effects on
thermal conversion

» Metal catalysts Ni, Pt, Rh, Ru have been commonly used
iIn biomass pyrolyis and gasification (Sutton et al, 2001).

Demerits: Catalyst poisoning and expensive

» K, Ca and Mg have been reported to catalyze the pyrolysis
and gasification (Raveendran et al, 1995)

» Kaolin has been used as a fluid catalytic cracking catalyst



Hypothesis

« Calcium, Kaolin and Char can catalyze
the biomass combustion process by
reducing the activation energy (E)



Material and Methods

» Feed stocks:
— Paper mill sludge (PMS)
— Paulownia wood chips
— A commercially available micro algae (C. vulgaris)

» Catalysts used:
— Ca (Ca3(POy,),),
— Kaolin (Al,Si,O5(0OH),),
— Char (from palm oil shell pyrolyzed at 500°C, 30 min)

» Inherent minerals of biomass have a substantial effect on
its thermal decomposition (Raveendran et al., 1995)



Experimental Methods

_ Feed stock
Treatments taken in

the study : DM feed

Dried, and ground to 1mm
stock (Control) 3
levels, Catalysts (3

levels) impregnated at

5% & 10% levels of Washing, filtering

(10% HCI, 48hours,
constant stirring)

loadings, 18 (total), Provximate
with 2 replications Ultimate and DM Feed stock
each 3x3x2 design Structural
analysis
Catalyst (Wet impregnation
impregnation method)
. Combustion 50 1/min air, 25-
Analysis study in TGA éoo"c 20°C/min)
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Results and Discussions

Table 3. Structural composition analysis (%)

Elements PMS Paulownia
Cellulose 30.21+2.74 37.02+0.77
Hemicellulose 7.23 +2.83 5.79+0.84
Lignin 6.80 £ 0.57 17.49 £ 0.44
Elements Algae
Protein 59.30
Fat 0.43
Ash 6.76
Carbohydrates 32.03
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Activation energy (E) was calculated taking the second stage decomposition (as
suggested in literatures)



Conclusions

» Among the 3 catalysts taken in the study, Ca was found to
have a significantly lower activation energy for the second
stage decomposition, for PMS and paulownia wood.

» For algae, decomposition pattern remained unaffected
irrespective of catalysts possibly due to protein and lipids
(Peng etal.2001)

» There was no significant difference between 5% and 10%
loadings on the process in most cases
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Table 1. Proximate analysis (wt% dry)

Elements PMS Paulownia wood Algae
Ash 14.43 3.27 6.76
Volatiles 73.96 79.58 80.82
Fixed Carbon 13.0 19.03 9.54
Table 2. Ultimate analysis (wt% dry)
Elements PMS Paulownia wood Algae
C 40.05 47 .41 48.51
H 5.60 6.29 6.95
N 0.80 0.81 9.54
S 0.046 0.08 0.65

*All values are average of 3 replications
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