
CATALYTIC THERMOCONVERSION OF CELLULOSE TO FUmS 
IN AQUEOUS MEDIUM 

BABUL K. DAITA 
Ayartmnt of  Chemikal Engineering 

Columbia CJniwrsiq in the City of  New York 
NYIooZ7, USA 

AB!mtAcT 
Catalytic thermochemical liquefaction in aqueous medium was studied for conversion of cellulose to liquid 

fuels, There are 8 reactions were done by two different co-catalysts, (alkaline & acidic) with 5% WA1203 in 
presence of 35 bar CO and H2 as a reducing gas. at 300 c. The duration of reaction time was 2 hours. 
During the reactions, catalysts and reaction time affected the process most dramatically. While the initial 
liquefadion (depolymerisation) of the cellulose is thermally controlled (pyrolysis), the subsequent conversion 
of the "Proto+il" to liquid oils (deoxygenation) is mainly catalytically influenced. Some of the catalysts 
exhibitad effsctive deoxygenation which resulted in the umvesion of "!%ataoi!" io a iuw oxygen content 
prdilL?. in run 7, conversion, oil production, H/C atomic ratio, calorific value is higher than others. 
INTRODUCTION 
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The amversion of cellulose to liquid fuels has been the subject of intensive studies during the last years IJ. 

The key problem in the liquefaction of biomass is the poor control of desired reactions. In pyrolytic 
liquefaction processes, the reactions are non selective, involving homolytic cleavage and free-radical 
reactions. In direct liquefaction, which uses CO, H2, and water as reagent and catalysts, there is a complex 
sequence of reactions which probably starts out with the thermal breakdown of lignocellulosic materials and 
continues through the rearrangement, the reduction, the dehydration, the decarboxylation and other reactions 
to give a host of reactive compounds. These compounds can go further during the severe conditions of 
liquefaction process to lead to the polymerized. polymerisable and acidic compounds responsible of the poor 
yield and quality of the cellulose derived oil. 

The crystalline regions in the cellulosic material make heterogeneous reactions occur slowly, as the close 
packing of the cellulose chains does not permit ease penetration by reagent molecules4. The use of 
homogeneous catalysts in these cases eliminates additional problems arising from the lack of efictive contact 
between two solid phases, namely a heterogeneous catalyst and the biomass feedstock. Lindemuth 5 believed 
that HCOO ion is the active species in a complex sequence of reactions that leads to oil formation. 

The objective is to develop a consistant, quantified description of the liquefaction of cellulose, to examine 
the effect of co-catalysts with 5% WAl,O, in CO and Hz atmosphere, quality of produced oils, and different 
types of water soluble components. 
EXPERIMENTAL: 

One liter capacity stainless steel autoclave ( with rocker system) was used for each reaction with Ig 
different catalysts, 400g distilled water, 35 bar hydrogen gas and 300 'c temperature. All reactions were 
done for 2 hours. ARer cooling the autoclave, gasses were vented to the gas measurement system and 
collected samples for analysis in IR, GC. Then opened the autoclave for decant the aqueous layer and the rest 
of solid part was dissolved in acetone and refluxed for 3 hours, then filtered with vacuum pressure.After 
filtration, the solid part was char and catalyst; and the filtrate was rotaevaporated to separate acetone and oil. 
The remaining oil wa separated by different solvents, such as Heptane and Toluene. The separated parts are 

called lights, waxes, asphaltenes and resins. 
The aqueous phase contains a significant amount of readve compounds. resulting from the breakdown of 

the cellulose. To understand of the nature of this complex, water soluble fraction, group separation was 
necessory before any identification was attempted. This was possible by solvent extradon. Prior to group 
separation , resinous substances from the water soluble were first precipitated with di-ethyl ether. Tbe 
resulting ethereal soluble fraction was subsequently fractionated into four basic groups, namely; a) Carboxalic 
acids, (separated by 10% aqueous Nag03). b) Carbonyl compounds, (separated by 5% NaHSOJ. c) 
Phenolic cumpounds, (separated by 10% NaOH) and d) Solubilized/ Neutral hydrocarbons. 
The four groups were identified by IR Spectroscopy. 
IR - Perkin - Elmer IR Spectrophotometer (model 157) with range of 600 -4ooo cm-l was used. 
Gaq Chromatography - Pye Unicam G. C. (Series 204) fitted with dual deteaor system and coupled to a 
data processing computer (Hewlett - Packard - Data Dynamics 390) was used. 
Calalysts - Johnson - Malthey Co. Cellulose - Powered pure cellulose (Solkailock Brown Co., N. Y.). 
Swpension medium w a l a  -Distilled water. Reducing gases - Electrolytic hydrogen and Carbon-monoxide, 
BOC commercial grade-99.5%. 
RESULTS AND DISCUSSIONS: 

Table I ,  lists the different reaction inputs, operating parameters and product distribution for ~ l l s  1-8. 
K2C03 and Snc12 were used as a Co-catalysts with 5%WA& fur conversion of cellulose (Solka- floc) at 
300°C and 35 bar of CO and H2 as a reducing gas with 400 g water. In case of Sncl2 in H, atmosphere, the 
amount of H a  formation is larger than with K2COI and CO atmospheres due to the dehydrdtion and catalytic 
deoxygenation of crilulose. Here Snf2 plays an important role which enters into the complex scheme of 
reaction to reduce cellulose fragments and liberate 0 2 ,  which reacts with H2 from atmosphere or (from 
solvent H2O) to form H20. Wis homogeneous hydrogenation of acidic catalyst contributes to dehydration of 
cellulose and leads to produce unsaturated substances that polymerise easily to form char. This effect, is 
direcdy pruponional to the acidity of the medium. On the other hand, K&Ol with CO atmosphere, CO 
ream with H20 ( from solvent) to form C02 and HZ ( water gas shii reaction) instead of produce H20. 
Hence, Snclz with H2 produces large amounts of H20 . 
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Momver, Snclz with H, ahnosphere, maximum amount of water-soluble compounds were formed due to 
the Strong hydrolytic action of the acidic catalyst. But in case of K$03 in presence of CO atmosphere, is 
reverse due to the neutralization of the organic acid compounds, higher conversion to gasification and 
decarboxylation (loss of C o d  of water soluble fractions and cellulose fractions. CO probably has an 
additiod role which inhibits the polymerisation of unsaturated compounds to form char. 

The product gas recovery, shown that the gas formation is greater in presence of KzCO3 with CO 
=actions, which is probably due to CO took part in the water-ga shift reaction as well as K2C03 + CO + 
H2O can form intermediate compound, possibly a potassium formate, which produces hydrogen, pmhahly as 
W r i e d  ion. 'Ihis ion reacts with the substrate (cellulose fragments), to remove oxygen as C% and 

to the formation of oil also. 

KzC03 + HzO + ZCO --f PHC-OOK + C@ 

2HC-OOK ---i H2 + CO + K2CO3 

Net reaction: H20 + CO < -> HZ + CO, 
Table 2 shows the elemental analysis of the f d s ,  char and oil of run (from 1-8). 
The HIC atomic ratio is higher ( 1.26) with 5% WAI2O3 + K2C03 + CO atmosphere in run 7, which may 
be due to elemination of higher amount of oxygen as a COz by water-gas shift reaction. That means one 
carbon atom can elimindtes two oxygen atoms as C 0 2  from the reaaion mixture. Rut in case of Snclz with 
Hz, rduction occurs by the elimination of only one oxygen atom (as H,O) with two hydmgen atoms. The 
total elemination of oxygen ( reduction ) is douhle in case of K2C03 + CO than SncI, + H,, Moreover, the 
produced hydried (H)  ion, from potassium formate is more active reducing agent than normal hydrogen 
atmosphere. So, it can easily more reduced the cellulose fragments for prcxluction of high amount and high 
quality of oils. Hence, the H/C atomic ratio and calorific value of the run 7 is greater than ltln 6 and others. 
is also high. 

AAer solvent analysis, high amount of lights was formed than asphaltenes (in run 7) which was probably 
due to higher conversion of asphaltenes, resins and water-sohhle fractions in presence of CO atmosphere into 
ligh& as well as gases (as CO,, CO and hydrocarbon gases) Which is shown in rahle 3. 

From tahle 4, it is seen that when conversion increases, the prcxluction of water soluhle fraction decreus  
and production of gases and oils increases. Moreover, ether soluble fractions from water soluhle parts were 
also decreases on the same way which may due to the conversion of water soluble fractions into gases and 
oils. 7he ether soluble fractions were further separated by different solutions into different funLrional groups 
as carboxalic acid, carbonyl, phenolic and neutral hydrocarbons and identified by IR spectrum (shown in 
figure I A  to 2A). 

gases are brmd greater than the run with Sncl2 in presence of Hz which may prohahly due to water-gas shift 
reaction. The low concentration of hydrogen gases produced indicated that the hydrogen from the water-gas 
shift reaction h very reactive and reacts instantly with the cellulose fragments. The gasa were identified hy 
IR spectrum and GC chromatograms of run 5 to 8 and shown in fibwre3~ to 6 ~ .  
CONCLUSION 
I )  In terms of conversion of cellulose, oil yield, quality of oil, calorific value of oil are higher in mn 7. ( 
K$03 + 5% PtlA1203 with CO atmosphere) in comparison with others. 
2) The aqueous phase contains a significant amount of reactive ampuunds, resulting h i m  the breakdown 
of the cellulose. The acidity of the aqueous phaw is high ( 3) due to the presence of carhoxalic acids. 
After reaction, when it was decanted from the autoclave, it looks as white after some while it hecames brown 
in color due to oxidation. After analysis of the water soluble fractions. it is seen that it contains carhoxalic 
acids, carhonyl compunds. phenolic compounds and neutral hydrocahon u)mpounds,Tahle 5. 
3) Using K2C03 as a mcatalyst with 5 %  Pt/Alz03 in presence of CO atmosphere, increaed the yield of 
gaseous products at the expense of char and water soluble fraction. The improvement in the conversion has 
an reflection on the quantity and quality of the desired product. 
4) The use of K&03 with S%WAl& in preserice of CO atmospheres had an enhanced effecr on the 
catalytic conversion of cellulose. 
5) Economically, 5%WA1203 + Snc12 in presence of H2 atmosphere is a viahle catalyst for liquefaction of 
cellulose, hecaw CO is more expensive than HI. 
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From tahle 5 ,  the G.C. analysis shown that K2C03 in presence of CO atmosphere, CO,, CO 
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96 TOTALRECENED 196.8 196.76 196.56 197.4 196.6 196.56 197.76 97.4 

% CONVERSION p5.64 189.59 192.28 p8.9 p8.68 193.73 196.94 81.44 

Table2. Elemc 
Run 

Feedstock 
analysis 
R C  
% H  
96 0' 
% Ash 

Char analysis 
R C  
%H 
% 0' 
% Ash 

Oil analysis 
% C  
% n  
96 0' 

nic 
Ib Ash 

O K  

Calorific vahm 
(Kcah) 

tal anal 
1 

41.5 
6. I 
52.4 

- 
53.2 
4.9 
28.0 
13.9 - 
- 
75.6 
6.5 
17.9 

I .02 
0.177 

7.5320 

- 
- 
- 

I I I I J 
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A - Carboaalic acids ( earnled by queuus 10% N%C03 solution). 
B - l h v y  carboxalic acid 
C - CRrboiiyl compounds ( extmccled by nquwus 5% NnHSO, a)lution). 
D - Plienulic compounds ( exlracled by aq'teous IO% NaOH solution). 
E - Neiihl hydrocarhoia ( ethereal soluble compuu~ids). 
* WSP - Water soluble fraction 
** All percentages are wVwt of ether wluble fmtiuii 
*+* 9s uf ethcr soluble f,duns were ublnind fmio Water wluble fmtion by "ling wilh dielliyl eUier. 
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