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1. INTRODUCTION 3. EXPERIMENTAL PROCEDURE (Catalyst Synthesis)

 Thermochemical conversion of biomass provides a viable pathway for renewable Hydrogen |
production.

 Biomass Gasification is an efficient route, but tar formation and low Hydrogen yield remains a major
problem.

* |Integration of catalysts is integral in cracking heavy tars into lighter hydrocarbons and improving

syngas quality and overall system efficiency. Metal Precursors
- Ni-based catalysts are widely used for reforming but face challenges such as sintering and carbon- | |  [Bfring (minseach
deposition. Poured over
 Incorporating tungsten as a promoter could enhance the thermal stability, resistance to coking thus SRPDOE VNt
enabling better tar cracking and increasing the Hydrogen yield. 5 f;x)lun;ina A
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» Since Pyrolysis is a key step of gasification, Py-GC/MS analysis provides critical insight into volatile | N
and tar precursor formation before and after catalytic upgrading. :

2. PURPOSE OF THIS STUDY
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 To synthesise and characterise a Tungsten-doped catalyst (Ni-W/Al,O;) to understand the 5 kIS
physicochemical characteristics of the catalyst for tar reduction and increased Hydrogen yield. . .. E
- To conduct Py-GC/MS of Willow Biomass with and without catalyst as a precursor study of | : Aggi“%(lh) Srindimng s~ Calc:“at"’“ ;
gasification to understand the catalytic effects on primary volatile composition. : i B8 20 :
 To assess how the catalyst modifies pyrolysis vapours, reducing oxygenates, phenolic compounds : :
(tar precursors) and promoting aromatics (Hydrocarbons). E
4. RESULTS (Catalyst Characterisation & Py-GC/MS)
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ot Py-GC/MS results
Elemental mapping showed uniform ¥, | a show reduceq

distribution of Al, O, Ni, and W, . ‘ oxygenates (acids,

confirming well-dispersed active o e aldehydes, phenols)
metals within the a-Al,O; matrix and ‘ and increased
strong metal-support interaction, s v h)./drcl)carbons,.

which enhances catalyst activity and Wl es ' confirming effective

stability during gasification. | deoxygenation and tar

‘ - cracking by the

Ni-W/AL,O; catalyst.

5. DISCUSSION

Characterisation results (XRD, BET, XPS, SEM, EDX,
TGA) indicated a well-dispersed Ni and W species,
iImproved surface area, strong metal-support interaction,
high thermal stability thus contributing to higher catalytic
activity.

6. PROPOSED REACTION
MECHANISM

Ni-W/AL, 0,
LIGNIN Catalyst

Degradation :

The catalyst lowered the overall activation energy (by
16kJ/mol) for volatile conversion facilitating cracking and
reforming.

HEMICELLULOSE
:  Water-Gas Shift Reaction: CO + H,0 - H,+ CO,

. . St Meth Ref ing: CH,+ H,O0 - 3H,+ CO
Py-GC/MS of raw Willow biomass revealed oxygenated ; Steam Methane Reforming: GHs* H, 2%

volatiles (acids, furans, phenolics) representing potential
tar precursors in gasification.

Boudouard Reaction: C + CO, = 2CO

Cracking

The Ni-W/AI,O; catalyst reduced the presence of
phenolic compounds (by almost 50%) and oxygenates
and enhanced the formation of hydrocarbons.

_ Dehydration

Ni-W/AlL,O,
Catalyst

Overall, using Tungsten as the promoter increased the
catalyst efficiency during thermochemical conversion of

7. CONCLUSION

The Ni-W/AI,O, catalyst showed strong potential for
tar reduction and H, enhancement as evidenced by
catalytic Py-GC/MS of willow.

The synergistic role of Ni & W promoted cracking,
reforming and deoxygenation thus shifting the products
towards increased Hydrocarbons.

These findings establish pyrolysis behaviour as a

predictive tool for gasification performance.
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8. FUTURE WORK

To conduct Catalytic Biomass Gasification experiments
to quantify the Hydrogen yield, assess the long-term
stability of catalyst and validate reaction pathways
under realistic conditions.

Air/O,/Steam

biomass. Catalyst Information BET Surface Area (m?/g) BJH Pore Diameter (nm) s o

Ni-W/AI,O4 24 .97 27.44

Primary (or in-situ) Secondary (or ex-situ)
Method Method
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