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RenewableEnergyfromNature—HydrogenProduction
fromBio-ethanolSteamReforming
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Abstract:Ethanolandethanol-watermixturewereconverteddirectlyintoH2with～ 60% selectivityand～ 100% conversionbya

catalyticreformingonnicklelanthanideoxidecatalysts.Thecatalystswereoptimizedandtherefromingreactionwereperformedattem-

peraturessufficientlylowthatthewatergasshift(WGS) reactioncanbecombinedtodecreaseCO.Thisprocesshasgreatpotential

forlow-costH2generationinfuelcellsforsmallportableapplicationswhilewhereliquidfuelstorageisessentialandwheresystemsmust

besmall, simple, androbust.
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Inorderforhydrogenfuelcellstohavealargeim-
pactonreducinggreenhousegasemissions, thehydro-
genneedstobederivedfromsunlight, eitherdirectlyor
indirectlyfrom biomassthroughphotosynthesis.The
useofhydrogenfuelcellsinvehiclesorinportable
powerplantswillrequirelightweightH2 storageor
“ on-board” reformingofhydrogen-containingcom-
poundsintoH2

[ 1]
.Promotingtheuseofbio-fuelsis

animportantChineseobjective.Bio-ethanol, derived
frombiomassmaybethebestalternativetoachievethe
integrationofrenewablesourcesintheenergymix.In-
troductionofbio-ethanolasarenewablefuel, inassoci-
ationwithhydrogenandfuelcells, alsowilleasethe
demandoffossilfuelssincethisfuelisalreadypro-
ducedinEurope, AmericaandChinaandcanbepro-
ducedatmuchhigherrates.Currently, largequantities
ofethanolareproducedinBrazilandtheU.S.from
grainssuchascorn, wheatandsugarcane.Thecostof
productionofaqueousethanol, asrequiredinthehy-
drogenproductionprocess, issignificantlylowerthan
thecostofanhydrousethanolwhichisrequiredininter-
nalcombustionengines.Inthereformationofethanol
forhydrogenproduction, alargefractionofthehydro-
genfueloriginatesfromwater, thuswaterisfunctioning
asahydrogensource.

1　Experimentalresultsanddiscussions

Perfectreactionofethanolsteamreformingshoud
be:

C2H5OH+3H2O※2CO2 +6H2, ΔHR +180kJ/mol

( 1)

whichcouldbeseentobecombinedbysteamreforming

reaction:

C2H5OH+H2O※2CO+4H2, ΔHR +260kJ/mol

( 2)

andwatergasshiftreaction:

CO+H2O※CO2 +H2, ΔHR -40kJ/mol ( 3)

WehaveusedNi, andothertransitionmetalswith
additivesofY2O3, Al2O3, La2O3, CeO2 ascatalystsfor

thesereactions
[ 2 -3]

.Weshowhereonlyresultsfrom

Ni/Y2O3 becauseitwasmorestableandgavegreater

WGSactivity.

Thecatalystsactivityandselectivityofsteamrefor-

mingofethanolwasconductedwithafixed-bedreactor

fittedinaprogrammableovenwiththreeheatsections,

withanoperatingrangeupto300℃, 700℃ and

1000℃, respectively.Theflowrateofethanol-water

solutionwascontrolledbyapump.Thecomponentsof

theeffluentwerethroughacondenser, thenwereintro-

ducedtoagaschromatograph(GC).

TypicalresultsofethanolsteamreformingonNi-

Y2O3 areshowninFig.1 andTable1.Fig.1 shows

thatforcatalystNi/Y2O3, inthetemperaturerangeof

250 ～ 350℃, Theselectivitiescurvesindicatthatthe

WGSreactionofCOhasoccurredintherangeof250 ～

280℃.Whentemperatureincreasedto300℃, thede-
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compositionofethanolatlowtemperature
C2H5OH※CO+CH4 +H2, ΔHR +49kJ/mol ( 4)

occurredsoastomaketheincreasingoftheselectivity
ofH2 andCO

[ 4]
.Whentemperatureincreasedto

320℃, therelativefraction
[ 5]
ofWGSreactionin-

creasedsoastodecreasetheselectivityofCOandkeep
theincreasingtheselectivityofH2.Theconversionof
ethanolhasreachedto95.3% at320℃.Thishighre-
sultmeansverygoodactivityoftheNi/Y2O3 catalyst.
So, accordingtothedistributionofselectivities, inthis
reactionsystemthepredominantreactionsaretherefor-
mingreactionofethanolandwater.Asthetemperature
increases, however, theWGSreactionandthedecom-
positionofethanolbecomethedominantreactions.

ThermodynamicsclaimedwhenT>200℃, the
decompositionofethanol(reaction( 4) ) , willbefa-
vored.However, whenT>530℃, themethanation
willbeavoided.Ifthemethanationcouldbeavoided
theloseof3molH2 toformoneCH4 wouldbepreven-
ted.Butthehightemperaturewillcausethesinterof
catalystsandcokeformation.Thereisonecouplecon-
tradiction.TheWGSreactioncandecreaseCOandin-
creaseH2, itwasfavoredattemperaturerange200 ～
400℃.So, wehopetocombinedtheWGSreaction
andthereformingreactionatanappropriatetempera-
ture.Intheprocessofheattreatment, thesurfacearea
changeofactiveparticles(suchasmetal) mostlydue
tothechangeofcrystalgrainandtype, but, generally,
itwasthechangeofgrainsizethatleadtothechangeof
surfacearea.Throughheattreatmentwegetmoreac-
tiveandstablesample.

Fig.1Effectofreactiontemperature( 250 ～ 350℃ ) onconver-
sionofethanol(CEtOH ) andonselectivityofhydrogen(SH2 ),

carbonmonoxide ( SCO ) , carbondioxide (SCO2 ), methane

(SCH4 ) andacetaldehyde(SCH3CHO), obtainedovertheNi/Y2O3

catalystsamplereducedbyhydrogenfor2hat450°C.Experi-
mentalconditions:massofcatalyst4g, particlesize0.5 ～ 1mm,

H2O/EtOHmolratio3∶1, liquidflowrate0.05cm3· min-1, P
=1atm.

Thetestresultsintable1 showthatthemodifiedsam-
pletreatedat500℃withNiOgrainsizeof13.3nmand
Y2O3 of76nmismoregreaterforethanolreforming,
Duringthe79htestat350℃, thesampleisstable, and
noCOdetectivemeasuredinthefirst49h.Themean
selectivityofH2 isabout65.0%, theoutputgasflow
rateisstable.

2　Conclusion

Thesesimpleexperimentsdemonstratethatethanol
canbeconvertedintoH2 simplyandwithhighefficien-
cy.Fastandefficientrenewablefuelreformingisoneof
thecriticalstepsinproducingH2 forfuelcellsandthe

“hydrogeneconomy, ”
[ 1]
andethanolisnowthemost

availableandeconomicalrenewablefuel.Thisprocess
justrealizestheidealof“Energyfromnature, makethe
usageofenergymoreharmoniuoswithnature”.

Tab.1 Ethanolsteamreformingovermodifiedsample
Ni/Y2O3at350°C
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stabilizationwerediscussedinthepaper.Heavymetal
absorptionaddedwithbentoniteisinfluencedbythe
surfacepropertiesofthisadsorptivematerial, whilesul-
fidehaschemicalreactionswithheavymetalionsto
forminsolublesubstances.

( 2) Bentonitehasexcellentadsorptiveproperties
onheavymetalslikeCdandNiinneutralcircum-
stance.ThismethodisrestrictedinlowerpHcircum-
stance.

( 3) Heavymetalstabilizationwithsulfideisa
kindofeffectivemethod, bydecreasingtheleaching
concentrationofheavymetalstomeetthestandardof
sludgeutilizationinagriculture.When10 ～ 15 gramof
reagentwasused, leachingconcentrationofZnwas3 ～
4mg/Lonly.theratiooftheunsteadyspeciationof
heavymetalsinsludgereducesgreatlywhilethatofsta-
blespeciationincreasesafterstabilization.
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利用膨润土及硫化物对污泥中重金属的稳定化研究

孙　颖, 许　冉, 钱光人
(上海大学环境与化学工程学院环境工程系, 上海 200072)

摘　要:分别采用膨润土及硫化物对污泥中重金属进行了稳定化研究, 通过重金属形态分析及浸出毒性实验, 研究了两

种物质吸附及稳定化污泥中重金属的作用, 从而为污泥农用中重金属的处理提供一个有效的方法。 结果表明, 经过处理

后, 污泥中重金属的浸出毒性减少, 可以满足污泥农用标准, 重金属不稳定形态含量显著减少。 其中, 膨润土对重金属

Cd、 Ni具有较好的吸附效果, pH值是影响吸附的重要因素;而硫化物对重金属 Zn、 Cu和 Cd具有较好的稳定化效果, 当

加入 10%的药剂时, Zn的浸出浓度仅为 4.96mg/L, 同时污泥中重金属不稳定形态的比例减少了约 50% ～ 60%。

关键词:污泥, 重金属, 膨润土, 硫化物
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来自自然界的可再生能源 — 生物质乙醇重整制氢
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摘　要:在镧系金属氧化物载镍催化剂上通过催化重整乙醇和乙醇水溶液可以直接转化为 H2
, H

2
的选择性达到 60%, 乙

醇的转化率达到 100%。优化催化剂及降低重整反应的温度以使水汽转化反应同时发生来降低产物气中 CO的含量。该过程

对于生产小型燃料电池的低成本燃料 H2, 以及便携燃料电池系统需要液态燃料存储的应用具有巨大的潜在价值。

关键词:制氢;生物质乙醇;水蒸汽重整;催化剂;系统
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