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Abstract This research focuses on the utilization of waste lubricant oil (WLO) from motor vehicles, machinery, and industrial sector. Usually, most WLO is still subjected to

incineration or landfill which led to environmental problems from air pollution to heavy metal contaminated water and soil. However, WLO can be recovered as renewable fuel
because of its exceptionally high carbon content. Its calorific value may be retrieved by thermochemical techniques i.e., catalytic steam reforming for synthesis gas production.
Here, steam reforming of WLO was performed in a micro fixed-bed reactor at atmospheric pressure with catalytic upgrading to improve the quality of product and hydrogen
yield. The effects of ER and metal (Ni and Fe) loadings on dolomite and olivine supported catalysts prepared by impregnation method were investigated. Results showed that
the product gas of high CH, and CO, was obtained for case of Fe and Ni/olivine. In contrast, 5%Ni/dolomite exhibited superior overall activity with the highest conversion and
hydrogen yield. In this case, hydrogen and carbon conversions were 65.71% and 66.38%, respectively while H, to CO molar ratio was 1.05 and the lower heating value was
6.76 MJ/m?3. It can thus be suggested that surface-active site of Ni on dolomite has high activity for C-C cleavage and water gas shift reaction. The conversion to H, and CO
was improved through methane and hydrocarbon steam reforming on the catalyst surface. Catalytic reforming of WLO not only enhanced synthesis gas and H, which can be
readily used as energy, and partial source of H,, but also as appealing sustainable and economic waste management option.
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Steam reforming Effect of equivalent ratio
o High temperature to convert carbonaceous raw materials into fuel gas
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m CO Co, C-CH, H-CH, H,
Ui o Upgraded product to syngas
o Low cost for hydrogen production %'; " 20s, 800°C, S/C 1:1 O Higher iIn ER from 0.88 to 1.40
. . = :
o PAHs = Aliphatic compounds = 40 o H, and CO conversions decreased
o Heavy metals = Ash, simpler to manage as solid phase. 5 o CH, conversion increased
e . . O 4
o 230 million liters per year in Thailand Catalytic Reforming Ni e o 3 o ER 0.88 is optimal for high C and H
o High hydrocarbon content, heating value o Highly effective % 2 -
: : : S conversions
o High viscosity, contaminated with heavy ° High resistance and low price | =z _
Hetals and PAHs o Enhance water-gas shift reaction and hydrogenation E 10 o C-Conversion 62.76%
. Q
o Degrade aromatic hydrocarbon structure @ 0 o H-Conversion 57.47%
Objective: Investigate the effects of ER and catalyst (Ni and Fe) loadings on dolomite and o i -

olivine supports to improve both quality and quantity of fuel gas from steam reforming of WLO.

Materials and methods

Effect of catalyst addition on steam reforming

B CO W CCO, CCH, = HCH, =m H, o Lower %Ni on dolomite from 10 to 5%
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i i ) o H, and CO conversions increased
Fresh and used oils analysis = 2 - _
Proximate Analysis (wt.%) mm Used oil heavy metals — 20 o Optimal at 5%Ni/dolomite
el e 0.25 0.10 Fe  mglkg 5.6 S 40 o CO-Conversion 48.78%
Ash 0.02 0.43 Ph B 0.28 < _ .
Volatile organic content 97.68 96.75 o . ' , S 30 o H,-Conversion 51.31%
Fixed carbon 1.88 2.72 r MY/Kg = o/ NI: o s 109N s -
LHV, (MJ/Kg) i T = ma/kg 5 § 5%Ni/dolomite > 10%Ni/dolomite> dolomite
Itiate Analysis (wt.%) ﬁﬂ Ni ma/kg 0.11 % .
aroon . .
Hydrogen 14.32 13.39 Zn %owt. 919 o Water-gas C +H,0 < CO +H,
Nitrogen 0.31 1.02 Mo % wit. 765 Non-catalyst dolomite  5%Ni/dolomite 10%Ni/dolomite Water-gas shift CO + H,0 « CO, + H,
Sulfur 0.21 0.49
Oxygen* 0.66 0.91 Boudouard C+CO,«+ 2CO
Experimental set-u m CO Co, C-CH, H-CH, H,
— WLO Water
P P g “ o Lower %Fe on dolomite from 10 to 5%
= 20s, 800°C, S/C 1:1 : :
Syringes Pump = o H, and CO conversions increased
S 40 o Higher %Fe on olivine from 5 to 10%
. Equivalent ratio (ER) Furnace Furnace G : _
o Contol S 30 o H, and CO conversions increased
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dolomit \ I | \ > o CO-Conversion 33.86%
or doiomite ,
Pre-heater Reactor Catalyst Holder 5 5 H2-Conversion 3415%

= 5%, 10% Ni on dolomite 0
N, || Os 5%Fe/dolomite 10%Fe/dolomite  Olivine 5%Fe/olivine  10%Fe/olivine 10% Fe/oIIVIne > 5% Fe/oIIVIne > OIIVIne
Gas Analyzer U m Catalyst

Filter Gas Cleaner LHV, Cold gas efficiency, H,/CO
Catalvets Non- | J .| 5%Ni/ | 10%Ni/ | 5%Fe/ | 10%Fe/ | .. | 5%Fel |10%Fe/
y Catalyst dolomite | dolomite | dolomite | dolomite olivine | olivine
Dore Before TGA After LHV (MJ/m?3) 5.65 6.45 6.76 5.42 6.45 5.45 5.65 6.28 6.57
diameter (S S o Cold gas
| | . . o 73.69 84.10 88.15 70.67 84.10 70.98 73.65 81.81 85.58
(nm) " N e 0 99 000! efficiency (%)
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