
　
第 46卷　增　刊

2007年　6月

中山大学学报 (自然科学版 )

ACTA　SCIENTIARUM　NATURALIUM　UNIVERSITATIS　SUNYATSENI
Vol.46　Sup.
Jun.　2007

　

Benzene-thermalSynthesisofEnvironmentalCatalytic
MaterialofIronNitrideNanoparticle

①

YINYong-quan, LIUXiang, ZHENGYan, CUIZhao-jie

( SchoolofEnvironmentalScienceandEngineering, ShandongUniversity, Jinan250100, China)

Abstract:EnvironmentalcatalyticmaterialofironnitridenanoparticlewassynthesizedbyBenzene-thermalmethod.Inhigh-pressure

reactionkettle, anhydrousFeCl3 andLi3Nwerereactedinbenzenewithnitrogen-flowat450 ～ 500℃ andstirredformorethan30 h.

XRDshowedthatFe4Nwasthemainproductandtheaveragecrystallinesizewasabout10nm.Theabovereactionconditionswereeasy

tocontrol.
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Ironnitrideshavethepropertiesofhardness, re-
flectance, abrasive-resistant, durable-refractoryand
catalyticactivity, whicharethemostpromisingmateri-
alsinwideningapplicationinmagnetic, electronicand
catalyticfields

[ 1 -2]
.Metalnitridesaretraditionally

synthesizedbydirectreactionofthemetalpowder, or
metalhydridewithnitrogenorammoniaatelevated-
temperature( >1000℃) forextendedtimeperiod

[ 3]
.

Nowmanyothersyntheticmethodsweredeveloped, for
example, chemicalvapordeposition( CVD), solid-
statemetathesis( SSM) andbenzene-thermalreac-
tion

[ 4]
.Ironnitrideparticleswerepreparedbydifferent

methods, suchasmechanicalalloying
[ 5]

, nitrifyingi-
roninNH3 gasflow

[ 6]
, andchemicalsynthesisfrom

Fe(CO) 5 andagaseousmixtureofNH3 andH2
[ 7]
.In

thispaper, nanoparticleironnitridewaspreparedby
benzene-thermalliquid-solidreactionofFeCl3 andLi3N
at450 ～ 500℃.

1　Experimental

Alloftheexperimentalmanipulationswerecarried
outinanitrogen-flowingglovebox.Anappropriatea-
mountofanhydrousFeCl3 andLi3Nwereputintothe
high-pressurereactionkettle, andthenthekettlewas
filledwithbenzeneupto50% ofthetotalvolume.The
kettlewasheatedto450 ～ 500℃ andstirredforabout
30h.Aftercoolednaturallytoroomtemperature, the
kettlewaswashedwithbenzenetoremoveorganicsub-
stancesandwashedwithdeoxygenatedwatertoremove
solubleimpuritiesforseveraltimes, theproductswere

collectedanddriedinavacuumdrierat60 ～ 80℃ for
2 h.

PowderX-raydiffraction( XRD) wasperformed
onaRigakuγAX-raydiffractometerusingCuKαradi-
ation(λ=1.54178  ).Thecrystalsizewascalcu-
latedwithScherrersformula.

2　Resultsanddiscussion

Thecompositionandstructureoftheproductswere
identifiedbyXRD.AtypicalXRDpatternofthesam-
plewasshowninfigure1.Thetwostrongpeaksin-
dexedascandewereFe4N, whichwasthesameas

foundintheliteratures
[ 9, 11]

, thebroadeningofthe
peaksindicatedthattheas-preparedproductswere
composedofverysmallparticles.Thefoursmallpeaks
indexedasa, b, dandfwerepeaksofimpurity
Li2Fe3O5.Thecrystallinesizeofthesamplewasabout
10nm, ascalculatedusingScherrersformulafromthe
full-widthathalf-maximum (FWHM) ofthediffraction
peaks.

SynthesisofnanoparticleFe4Nbybenzene-ther-
malreactioncouldbealiquid-solidreaction, because
anhydrousFeCl3 couldbeslightlydissolvedinbenzene:

FeCl3 +Li3N※ Fe4N+LiCl
Amongtheexperiments, impuritieswerefound

tobeamorphouscarbon, Fe2O3, Fe3O4, FeCl3 and
Li2Fe3O5, etc.Whenthereactiontemperaturewaslow
( <400 ℃) , theoutputandtheamountofcrystalline
Fe4Ndecreased.Whenthereactiontemperaturewas
rising, theamountofcrystallineFe4Nincreasedand
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Fig.1　X-raydiffractionoftheproductpowders

Li2Fe3O5 wastheprimaryimpurity.However, the
amorphouscarbonappearedandthesizeofFe4Npow-
dersincreasedalongwiththeincreasingofthereaction
temperature( >450 ℃) andreactiontime( >10 h).

3　Conclusions

NanoparticleFe4Nwassynthesizedthroughben-

zene-thermalreactionofanhydrousFeCl3 withLi3N.
Theoptimumconditionforthesynthesisofnanoparticle
Fe4Nwasstirredatthetemperaturerangeof450 ～ 500

℃ formorethan30 h.Theaveragecrystallinesizeof
Fe4Nwasabout10nm.Thereactionconditionswere
easytocontrol.

References:

[ 1] 　BAILARJC, EMELEUSHJ, NYHOLMR.Compre-

hensiveInorganicChemistry[ M] .Oxford:Pergamon

Press, 1973:12.

[ 2] 　WANGLJ, HAOZX, YINGPL.Preparationandani-

linehydrogenationperformanceofironnitridecatalysts

[ J] .ChineseJCatal, 1998, 19 ( 6):554-558.

[ 3] 　ROSSCB, WADET, CROOKSRM.Electrochemical

synthesisofmetalnitrideceramicprecursorsinliquid

ammoniaelectrolytesolutions[ J] .ChemMater, 1991 3

( 5):768-771.

[ 4] 　BONNEAUPR, JARVISRF, KANERRB.Solid-

statemetathesisasaquickroutetotransition-metal

mixeddichalcogenides[ J] .InorgChem, 1990, 31

( 11) :2127-2132.

[ 5] 　CHENY, HALSTEADT, WILLIAMSJS.Influenceof

millingtemperatureandatmosphereonthesynthesisofi-

ronnitridesbyballmilling[ J] .MaterSciEng, 1996,

206 ( 1):24-29.

[ 6] 　YAMAGUCHIT, SAKITAM, NAKAMURAM.Synthe-

sisandcharacteristicsofFe4Npowdersandthinfilms

[ J] .JMagnMagnMater[ J] , 2000, 215:529-531.

[ 7] 　KOLTYPINY, CAOX, PROZOROVR.Sonochemical

synthesisofironnitridenanoparticles[ J] .JMater

Chem, 1997, 7 ( 12):2453-2456.

苯热法合成环境催化材料纳米氮化铁

殷永泉, 刘　翔, 郑　艳, 崔兆杰
(山东大学环境科学与工程学院, 山东 济南 250100)

摘　要:采用苯热法合成环境催化材料纳米氮化铁。在高压反应釜内, 无水 FeCl3与 Li3N在通氮气的苯溶液和 450 ～ 500

℃条件下反应 30h, XRD结果表明主要产物为 Fe4N, 晶体的平均直径约为 10nm。该反应条件容易控制。

关键词:氮化铁;苯热合成;纳米材料;合成
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V
5+
、 Ho

3+
共掺杂 TiO2 光降解甲基橙

石建稳, 郑经堂, 陈姣霞, 赵玉翠
(中国石油大学 (华东 ) 重质油国家重点实验室, 山东 东营 257061)

摘　要:采用溶胶 -凝胶法制备了不掺 、 单掺和共掺杂纳米 TiO2, 对样品进行了XRD和 UV-Vis吸收光谱分析, 并以甲基

橙的光脱色反应考察了样品的光催化性能。结果发现 V5+拓宽了 TiO2光谱响应范围, 提高了光的利用率, 产生更多的电子

-空穴对;Ho3+的掺杂抑制了 TiO
2
粒径的长大, 引起了晶格的畸变和膨胀, 延缓了光生载流子的复合;V5+、 Ho3+共掺杂

时, 由于两种掺杂物的共同作用, 可进一步提高 TiO2的光催化性能。
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中图分类号:TG146

20


