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Abstract:Theeffectsoftemperature, hydrogenpressureandcatalystadditiononsodiumborohydrideformationwereinvestigated.

HigherH2 pressureisofbenefittoNaBH4 formation.IncreasingreactiontemperaturecanimproveNaBH4 formationkineticproperty.

However, ifthetemperatureisnearthemeltingpointofMg, theNaBH4formationwasimpeded.Ni, FeandCoadditionintheH2 +

Mg+NaBO2systempromotedtheNaBH4 formation, butCuadditionshowedanegativeeffect.
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Recentlyborohydrideshavebeenattractedmore
attentionasahydrogenstoragemediumduetotheir
highhydrogenstoragecapability. NaBH4 contains
10.6% hydrogen.Furthermore, thehydrolysisofboro-
hydrideisofinterestinhydrogengenerationbecause
halfofthegeneratedhydrogenisfromtheborohydride
andtheotherhalfisfromwater.However, therewere
onlyfewresearchesrelatedtoborohydrideformation.It
wasreportedthatsodiumborohydridecanbeformedby
reactionofNaBO2 withMgandhydrogen( orMgH2 )

throughfollowingreactionaround450 ℃
[ 1-3]
:

NaBO2 +2Mg+2H2 =NaBH4 +2MgO ( 1)

OurpreviousresultshaveprovedthatNaBH4 can
beformedfromsodiummeta-borateandmagnesium
hydridethroughballmillingatroomtemperature

[ 4]
.It

wasthoughtthatreactionkineticissuewasimportantto
theNaBH4 synthesis.

Theinfluencesoftemperatureandhydrogenpres-
sureonsodiumborohydrideformationwereinvestiga-
ted.ItwasthoughtthatthekineticpropertyofNaBH4

formationmightbeimprovedbyaddingsomecatalysts
intheH2 +Mg+NaBO2 system.Weinvestigatedthe
effectofFe, Co, NiandCuadditionontheNaBH4 for-
mationkineticproperty.

1　Experimentaldetails

StoichiometricMgpowdersandNaBO2 powders

accordingtoreaction( 1) werewellmixedthenwere
putintoastainlesssteelreactorinwhichathermocou-

plewasplacedinthereactantbed.Thereactorwasde-
gassedduringheatingprocessbeforechargeofhydrogen
intothereactorat400℃.Thenthereactorwasheated
tothereactiontemperaturesataheatingrateof10 ℃/
min.NaBH4 formationkineticpropertieswereinvesti-
gatedunder1.0 ～ 3.0 MPaofhydrogenpressure, 500

～ 650 ℃ ofreactiontemperature.

2　Resultsanddiscussion

Fig.1showstheinfluenceofreactiontemperature
andhydrogenpressureontheNaBH4 formation.Itwas
foundthatwhenthereactiontemperatureswerelower
than600℃, NaBH4formationrateandyieldincreased

Fig.1　Temperatureandbydrogenpressure

effectsonNaBH4 formation.
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withincreasingreactiontemperature.However, when
thereactiontemperaturereachedupto650℃, NaBH4

formationrateandyieldweredecreased.At650 ℃,
localmeltingphenomenonofthereactionbedwouldoc-
cur, becausethereactiontemperaturewasclosetothe
meltingpointofMg( 651 ℃).ThemoltenMgwould
fillintothemicroholesinthereactionbed.Asare-
sult, thediffusionofthehydrogengastotheinterfaces
ofMgandsodiummeta-borateparticleswouldbeimpe-
ded.Therefore, NaBH4 formationrateandyieldwere
decreased.HigherH2 pressuregenerallywasofbenefit
toNaBH4 formationasshowninFig.1.Itcanbeseen
thathighH2 pressurecouldimprovetheNaBH4 forma-
tionevennearMgmeltingpoint.Alltheseresultscan
beattributedtothatthediffusionofthehydrogengasto
theinterfacesofMgandsodiummeta-borateparticles
canbeimprovedbyincreasingtheH2 pressureinthe
H2 +Mg+NaBO2 system.

Fig.2showseffectsofNi, Co, FeandCuaddition
ontheNaBH4 formationandkineticproperties.Ac-
cordingtoourperviousobservationtotheformationof
NaBH4 andMgO

[ 2-3]
, itwasfoundthattheformedlay-

erofNaBH4 andMgOfromreaction( 1) wassimilarto
theimageoftheMghydridelayerduringMghydrogen-
ation.WhenFewasintroducedintotheH2 +Mg+
NaBO2 system, notonlyNaBH4 formationtemperature
waslowered, butalsoNaBH4 yieldwasimproved.It
impliedthatFeadditionloweredthenucleationenergy
ofNaBH4formationsothatreaction( 1) couldoccurat
lowertemperature.Furthermore, Feadditionwould
promotegrowthoftheproductlayer(NaBH4 +MgO).
WhenNiwasintroducedintotheH2 +Mg+NaBO2 sys-
tem, NaBH4 formationtemperaturewasfurtherlow-
ered.ItimpliedthatNiadditioncanfurtherdecrease
thenucleationenergy, thoughtheNaBH4 yieldwasde-
creasedalittle.ItisbecauseNihashighercatalytical
propertythanFe.WhenCowasintroducedintotheH2

+Mg+NaBO2 system, NaBH4 formationratewasim-

proved, butNaBH4 formationtemperaturewaskeptthe
same.ItimpliedthatCoadditionimprovedthegrowth
oftheproductlayer(NaBH4 +MgO).

Fromaboveresults, itwasclearthatNi, Feand
CoadditionwereofbenefittoNaBH4 formationthough
itishardtotellthedetailedmechanismatrecentstage.
However, unlikeNi, FeandCoaddition, Cuaddition
impededtheNaBH4 formation.Itmightattributedto
thatCuislackofemptyoutd-electronorbitforelectron
exchangeduetoitsoutelectronorbit3d
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4　Conclusions

HigherH2 pressureisofbenefittoNaBH4 forma-

tion.Increasingreactiontemperaturecan improve
NaBH4 formation.However, ifthetemperatureisnear
themeltingpointofMg, theNaBH4 formationwillbe
impeded.Ni, FeandCoadditionintheH2 +Mg+
NaBO2 systemcanpromotetheNaBH4 formation, but
Cuadditionshowsanegativeeffect.
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偏硼酸钠与镁和氢反应的硼氢化钠生成
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(浙江大学材料与化学工程学院, 浙江 杭州 310027)

摘　要:高的氢压和反应温度有利于片硼酸钠与镁和氢反应生成硼氢化钠, 但温度接近镁的熔点时不利于硼氢化钠的生

成。在反应物中添加铁 、 镍和钴将加速硼氢化钠的生成, 而铜的加入却阻碍硼氢化钠的生成。
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