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Abstract：Rare earth oxide doped molybdenum powders were prepared by the reduction of rare earth

nitrites doped M003．The effect of rare earth oxide on the reduction behavior of molybdenum oxide

had been studied by means of Temperature Programmed Reduction(TPR)，thermal analysis，X-ray

diffraction．Doping rare earth oxide in the powder could lower the reduction temperature of molyb‘

denum oxide and decrease the particle size(】f molybdenum．The mechanism for the effects had been

discussed in this paper．
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1 Introduction

Magnetron tubes have a wide application in the fields of communication，medical treatment，heat appa—

ratus and military uses．The cathodes in the nlagnetron tubes should have better secondary emission prop—

erty．the capabilities of working at high temperature，anti—bombing insentivity and long life‘“．Among

them，secondary emission property is the most important factor for the application of this kind of cathode．

Our former studies on rare earth oxide(RE203 in brief)doped molybdenum cathodes showed Ihat the see—

ondary emission coeffieient increased with the decrease of grain size of the cathode materia】and increase of

the cathode density[2‘“．It is well known that the grain size and density of the cathode are correlated with

the particle size of the raw material．In order tO obtain the optimum reduction technique for the preparation

of rare earth oxide doped molybdenum powder with small grain size，the reduction property of rare earth

oxide doped molybdenum oxide has been studied in this paper．

2 Experimental method

Either a single rare earth oxide or a mixture of rare earth oxides of La20s，Y20a or Gd203(the total

conteot is 25％，mass fraction)has been added in the molybdenum oxide in the form of rare earth nitrites．

L8203，La203一Y203(mass ratio of 1．az03：Y203 is 1 2 3)CO—doped and La203一Y203 Gd203(mass ratio of

La2 03：Y2 03：Gd2 03 is 1：2：1)CO—doped molybdenum oxide could be assigned to Sample l，Sample 2
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and Sample 3．respectively．The thermal analysis was carried out on STA 449一Jupiter thermal analysis ap

paratus．The reduction property of the powder was done by Temperature Programmed Reduction(TPR)

method．In this experiment，the mixed gas of 95％(volume fraction)argon and 5％(volume fraction)hy—

drogen was introduced into the apparatus with an effective heating rate of 1 0 K,／min and the exhausted gas

was dehydrated using Mg(CIq，z，The composition and morphology of the powder was analyzed by D／

MAX一3C X—ray diffraction apparatus and Hitachi scanning electron microscope．

3 Results and discussion

After heating the mixture of Mo()2 powder and water solution of La(N03)±，Y(N01)3 in water bath

ng，the main compositions of the powder are MoO￡，two rare earth nitrites shown above and several kinds

of rare earth molybdate．Since there are a lot of nitrites in the

sample，the doped powder should be decomposed in air to remove

N(-h(the deeomposition product of nitrites produced during the

reduction process)beforc the reduction treatment．In order to de—

termine the appropriate decomposition temperature．ToDTA a—

nalysis was carried out in the experiment，and the result is shown

in Fig．1．In Fig．1，an obvious change was found in the DTA and

TG curves．In three stages A，B，C，exothermal reactions took

place，accompanied hy the weight loss of the sample．When the

temperature was lower than 200’C(stage A)，1．a(N(工)3·

6H20．Y(Nn)x-6H20 and other substance gradually lost the

absorbed water，leading to the weight loss，In the temperature

，
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Fig．i Thermal analys s testdi"of I a<N()=)

Y(NOH)，co-doped M002 powder

rang(,200 310℃(stage动，Il(N(1)3·6H20，Y(N03)3·6HzO and other products lost the crystai water．’Fhe

weight loss in TG curve and endothermal peak in the DTA curve in stage C(400—540’C)could be assigned to the

nitrite decomposition-When the tenlperature was higher than 550℃，1710 weight loss was found in the TG curxte，

indicating Ihat nitrites had decomposed completdy．Therefore，the maximum decomposition temperature could be

assigned as 550℃．When the temperature was higher than 550℃，several endothermal peaks appeared in the D'I、A

Curve，indicating that the chemical reactions between rare earth oxides and Moq migbt take place to form rare

earth molybdates．

Fig．2 depicts the XRD patterns of the powders decom—

posed at 550'(、．It showed that molybdenum existed as

M003，the oxidation product of the raw material MoO。．On

the other hand，1antbanum and yttrium existed as rare earth

oxides，La2 M04 015 and Y2 M005 which are the reaction prod—

ucts of La203，M003 and Y203，M003．

The effect of rare earth oxide oil the reduction property

of the molybdenum oxide was studied by temperature pro—

grammed reduction method．Fig，3 shows the TPR spectra of

pure M003(a)，lanthanum nitrite doped molybdenum oxide

powder decomposed at 550℃(b)，1anthanum nitrite。yttrium

nitrite co—doped MoO，decomposed at 550℃(c)and lanthanum

co doped MoO∑(c)decomposed at 550℃(d)．
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Fjg．2 XRD patterns of La<NOa)3，Y(Nfh)3

co—doped M002 decomposed at 551)℃

nitrite，yttrium nitrite，gadolinium nitrite

 万方数据万方数据



818 JOURNAL OF GUANGT)()NG NON FERROUS METALS 2 0 0 5

7 0E+04

6 0E+0 4

5 0E+04

占4 0E+04

童3．0E+04
—2 0E+04

1 0E+04

O 0E+04

7 0E+04

6 0E+0 4

5 0E+04

名4．0E+04

喜3 0E+04
—2 0E+04

1 0E+04

0 0E+04

400 600 800 1000 1200 400 600 800 {000

Tempcmturc／K

400 600 800 1000 1200

Temt删ure／K

Temperature／K

Fig,3 The TPR spectra of different samples

(a)一pure M003；(b)一Sample 1；(c)一Sample 2；(d)

Tcmperatum／K

It showed that doping rare earth oxide has a remarkable influence oil the reduction behavior of the

powders．Only one peak of hydrogen consumed appeared in the TPR spectra of pure M003 at the tempera—

ture of 1123K，see Fig．3(a)，indicating that the peaks of hydrogen consumed involved in the two steps re—

duction of M06+一M04+一Moo merged into one peak．On the other hand，it showed dearly in Fig．2(b)一
(d)that the reduction process of doped M003 had divided into two stages．In each stage，there are several

peaks of hydrogen consumed corresponding to the oxygen active centers and the TPR peaks shift to the

lower temperature side．The evident change in the peak area of hydrogen consumed(the peak area is pro—

portional to the number of oxygen active centers)could be ascribed to the effect of different kinds of rare

earth oxide in the samples．It is clear to see the effect of La2 Q on the reduction behavior of M003 by corn—

paring curves in Fig．2(b)一(d)，in which adding La203 in the sample was favorable for the formation of oxy—

gen active center with high activation energy and low consumed hydrogen peak temperature．Decreasing the

content of La203 from 25％(mass fraction)(b)to 6．25％(mass fraction)(c)，no change in the peak tern—

perature of the samples in the low temperature range was found，indicating that the species of the oxygen

active center formed in these two samples are the same，However，the peak area of Sample 2 was much

smaller than that of Sample 1．Although Sample 2 and Sample 3 had the same content of La2 03(6．25％，

mass fraction)in the raw material，the peak of hydrogen consumed of Sample 3 in the low temperature

range almost disappeared，see Fig．3(d)．By combination with XRD analysis result of Sample 3(see Fig．4)

in which La203 patterns were not detected in the spectra，it confirmed that the oxygen active centers in the

low temperature range were formed by the addition of La2 Os．In this sample，La went into the crystal 1at—

tice of Gdl 26Yo“Os compound and formed substitutional solid solution(which will be introduced in another

paper)since La“．Y”and Gd”have nearly the same ionic radius．resulting in the decrease in the forms—

tion probability of oxygen active centers．The phenomenon on the smaller peak area of sample 2 described

above could also be explained by the effect of La203．Fig．5 shows the XRD patterns of La203，Y203 co-

量-8DBf
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doped Mo prepared(Sample 2)．LaY03 diffraction peaks were observed．In Sample 2，apart from the lower

content of Laz03(6．25“，mass fraction)in the original design，the reaction product LaY03 also caused the

consumption of Lazn．As a result，only a certain number of oxygen active centers could be formed．On the

other hand，the doped M003 exhibited different reduction behavior in the high temperature range compared

with pure M005．The strong interactions between rare earth ions and molybdenum ions in the samples led

to the changes in the chemieal environment of molybdenum and Mo一0 bonds．As a consequence。different

oxygen active centers were formed and，thus the continuous reduction process split up and the peak temper—

ature of hydrogen consumed shifted to the Iower temperature side“J，see Fig．3．

I·Mo

i▲{Gd，。Y。。) )3

L—i．U乙U一 ‘■■_·■■■ ■■

0 20 30 40 50 60 70 90

20／(。)

Fig,4 XRD patterns of L＆O，，Y20§，Gd203 co-

doped Mo prepared
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XRD patterns of La2Q，Y2()3 co-doped

Mo prepared

It is evident from Fig．3 that the addition of rare earth oxide could decrease the reduction temperature

in the high temperature range．As we know，the reduction at low temperature can avoid the growth of the

particles．So，we could deduce that this kind of reduced powder would have smaller particle size than those

prepared from pure M003．Moreover，the particle size of the powder varied with the amount of rare earth

oxide，Figs．6(a)and(b)show the morphology of La203 and Y2()3 co-doped Mo powder with the total con—

tent of 10％and 30％(mass fraction)(the ratio of La203 and Y203 is kept at l：3)，respectively．As shown

in Fig．8(a)，when the content of rare earth oxide is low(10％，mass fraction)，the particles have polygon

shape with larger size and distributed in a wide size range．We also found that some small particles attached

to the large particles．EDS result shows that these small particles contain the elements of La and Y，indica—

ting that these particles can be assigned to rare earth oxide particles，Increasing the content of rare earth

oxide to 30％(mass fraction)，the particle size decreased greatly and the particles distributed in a narrow

size range．Rare earth oxide changed the chemical environment of molybdenum and Mo O bands in MoOs，

resulting in the decrease of the content of Mo魄taken in the reduction reaction and，thus the evaporation

rate of M003 at high temperature slowed down．As a result，the vapor transfer during the reduction

process could be hampered and the particle size of molybdenum was smallc”，In addition，the tiny rare

earth oxide particles that attached to the surface of molybdenum hindered the growth of molybdenum parti—

cles．The more the Content of rare earth oxide，the finer the particles and the more uniform the particle

size．

4 COnCIusiOnS

(1)MoOa，La2 03，Y2 03，La2 M04 015 and Y2 M005 existed in：the sample prepared by heating the mix
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F嘻6 Morphology of REz03 doped molybdenum powder with the content of RE20s

10％(a)and 30％(b)

ture of M002 powder and water solution of La(N03)3，Y(N03)3 in water bathing followed by decompos

lionjn air at 550℃．

(2)Temperature programmed reductiota(TPR)results show that the reduction behavior of rare earth

oxide doped M003 is different from that of pure M003．The reduction peak shifts to the lower temperature

side．

(3)Doping Fare earth oxide in the powder could decrease the particle size of molybdenum．The more

the content of rare earlh oxide，the finer the particle size of molybdenum．
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