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Abstract：On the basis of the Ag-Pd Gd，Ag-R1卜Gd and Pd—Ru Gd ternary systems，the partial phase dia—

gram of Pd—Ag-Ru-Gd(Gd<25％atom fraction)quaternary system has been studied by means of X-ray

diffraction analysis，differential thermal analysis，electron probe microanalysis and optical microscopy．

The 700℃isothrmal sectioas of the Ag-Pd-5Ru-Gd，Ag—Pd-20RmGd and A口Pd-50Ru-Gd(Gd≤25靳

atom fraction)phase diagrams were determined respectively．And the 700℃isothermal section of the Pd—

A口Ru—Gd(Gd≤25％atorll fraction)quaternary system phase diagram was finally inferred The section

consists of four single phase regions：zolid solution Pd(Ag)，(Ru)，Pd3Gdand Ag‘l Gd．；five two-phase

regions：Pd(Ag)+(Ru)，PdfAgl+A95 L Gdl4，(Ru)+A95l Gdl4，Pd(Ag)}Pd3Gd and(Ru)+

P凼Gd；three three-phase regions：Pd(Ag)+P也Gd+(Ru)，Pd(Ag)+A晷JGd-。+(Ru)and(Ru)十

A95 JGdl4+PdaGd；onefour-phase regionPdfAg)+(Ru)+A95lGdl{+Pd3Gd．No aew quaternaryin—

termetallic phase is found．
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1 IntrodUction

The Pd Ag—Ru—Gd quaternary system is directly related tO the six binary systems，Ag—Pd，Ag—Gd，Ag—

Ru，Pd Gd，Pd—Ru，and Gd—Ru，The phase diagrams of these binary systems have already been studied，

Many paper on the Ag Pd binary system were published formerly．There is an Ag—Pd binary isomor—

phous．phase diagram in the referenceEl]．The equilibrium phases of the Ag-Pd system include the liquid，

L，and the fcc continuous solid solution(Ag，Pd)．

The Ag-Gd binary system has already been studied by some authors[2一“．Recently Gschneidner and

Calderwood[6]summed up the previous works and obtained a more complete Ag_Gd binary system phase di—

agram with three intermetallic compounds：A951 Gdl4，A92 Gd and AgGd．

Loebieh and Raub[7]studied the Pd Gd binary system comprehensively．They reported a complete Pd—

Gd binary phase diagram witb seven intermetallic compounds：GdPd3，GdPdz，Gd2Pd3，Gd4Pd5，GdPd，

Gd3 Pd2 and Gd5 Pd2．They also studied and reported the Gd Ru binary system phase diagram with four in—

termetallics：GdRu2，Gdz Ru，Gd73 Ru27 and Gd3 RuL“．

Karakaya and Thompson[”published the assessed Ag-rich part(Ru<i0％，atom fraction)of the Ag—Ru bina—

ry system phase diagram．The Ag—rich part of Ag—Ru system is characterized by liquid-phase immisdbility and a eu—
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tectic reaction at 3．1％Ru(atom fraction)and 920℃in which the last Ag-rich liquid solidifies．

The P小Ru system phase diagram has been studied by Darling and Yorke[⋯．Obrowski and Zwing—

mann[11]：and Kleykamp[1“．They all agreed that the phase diagram is of a simple peritectic form．The

phase diagram of the peritectic form was also found by Rudnitskii and Polyakova。”I．but they suggested

that there is an intermediate phase(8)in the system．However，no other investigation has confirmed the

existence of the intermediate phase(B)．Gurlero“o has reported a computer assessment of the Pd-Ru sys—

tem．The assessed Pd—Ru phase diagram agrees with the phase diagram obtained in references[10--12]．

The Pd-Ag-Ru-Gd quatermlry system has relation to the four ternary systems：Ag—Pd-Gd，Pd Ru-Gd，

Ag-Pd-Ru and Ag—Ru-Gd．Zhang and Chell““，and Zhang et a1．M reported the room temperature，750"C and

700℃isothermal sections of the Ag—Pd—Gd(Gd≤25％atom fraction)phase diagram．They all consist of three sin—

gle_phase regions：Pd(Ag)，Pd^Gd and A95lGdlt；three two-phase regions：Pd(Ag)+PdsGd，Pd(Ag)+A＆1

Gdl4 and AgslGd】4+P也Gd；one three-phase region：Pd(Ag)+AgslGdJ4+Pd3Gel，respectively．

Zhang and Chen‘1“also published the partial 700“C isothermal section of the Pd—Ru—Gd system phase

diagram．The section consists of seven single-phase regions：(Ru)，(Pd)，GdPd3，GdPd2，Gd‘Pd5，GdPd

and the new ternary intermetallic compound Pd2RuGdz；eleven two—phase regions：(Pd)+(Ru)，(Pd)+

GdPd3，GdPd。+GdPd2，GdPd2+Gd4Pd5，G山Pd5+GdPd，GdPd+Pd?RuGdz Gd4Pd5+Pd2RuGd2，GdPd2

+Pd2RuGd2，GdPd3+Pd2RuGd2，GdPd3+(Ru)and(Ru)+Pd2RuGd2；fivethree-phase regions：GdPd+

G也Pd5+P也RuGdz，Gd。Pds+GdPd：+P出RuGd2，GdPd。+GdPd2+PdzRuGd2，GdPd3+(Pd)+(Ru)and

(Ru)+GdPd3+Pd2RuGd2．

Zhang et a1．[173 studied the Ag-Pd—Ru ternary system and reported the 700’|C isothermal section of the

phase diagram．It was found that on this section there are a single phase region(Ag or Pd)along the Ag—Pd

side，a small single-phase region(Ru)and a wide two phase region Ag+Ru between these single-phase re—

gions．The alloys in the Ag—Ru—rich range of the Ag—Pd Ru ternary system are difficult to be homogenized

after solidifying because the liquid alloys exhibit immiscibility．

Xu et a1．Ll扪，published the 700℃isothermal section of the Ag—Ru Gd(Gd<33．3％，atom fraction)

ternary phase diagram．The section consists of five single phase regions：(Ag>，(Ru)，A95lGd“，A92Gd

and GdRu2；seven two—phase regions：(Ag)+(Ru)，(Ag)+A95i Gdl4，A95l Gdl4+A92Gd，

AgzGd+GdRu2，GdRu2+(Ru)，A95lGd“+(Ru)and A95lGdl4+GdRu2；threethree—phase regions：Agsl

Gd¨+A92Gd+GdRu2，Ags，Gdlt+(Ru)+GdRu2 and(Ag)+(Ru)+Ag。。Gdl。．

On the basis of the published partial phase diagrams of the Ag Pd-Gd，P&RwGd，Ag—Pd-Ru and Ag-Ru-Gd

ternary system，Zhang etal．[”l studied the 700"C isothermal section of the Pd_Ag-5Ru—Gd(Gd≤25％，atom frae—

tion)quaternary system phase diagram．In this paper，we further report our results on the 700℃isothermal section

of the PfAg-20Ru-Gd and Pd-Ag-50Ru Gd phase diagram，and then infer the 700"C isothermal section of the P士

AgRu’Gd(Gd≤5％，atom fraction)quaternary phase diagrarm

2 Experimental details

All the a110ys were prepared from palladium(99．99％putty)，silver(99．99％purity)，ruthenium(99．99％

purity)and gadolinium(99．9％purity)using an induction furnace．For degassing．stoichiometric mixtures of pal—

ladium，silver and ruthenium were refined in vacuum．Corresponding amounts of gadolinium were then added．The

alloys were melted in boron nitride crucibles under a pure argon atmosphere．After remehing，the melts were cooled

quickly，and homogeneOus lUnlpS of the alloys were obtained．All the specimens were sealed in§ilica tubes filled

with argon．To determine the isothermal section at 700’C，the spedmens were homogenized at 700℃for 20 days。
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and then brine quenched．It was determined by chemical analysis that the weight losses of the alloy dements are

less than 0．5％for both palladium and ruthenium，and 1‘5％for both silver and gadolinium during melting and

heat tr白tment The experiments were corrected accordingly,

The structure of the specimens was determined by X ray diffraction analysis and was examined also by

metallograph．The X—ray diffraction experiments were performed in a Rigaku(RV--200 model)diffractom—

eter．using Cu Kd radiation(x一0．15405 nm)．Difffaction data were aajusted with silicon powder as an in—

ternal standard．The element distribution in a part of the alloy specimens wss determined in an electro—

probe microanalyser(EPMA一8705Q model)．

3 Results and discusSjOn

3．1 Four ternary system phase diagrams relating to the Pd-Ag--Ru-Gd quaternary system

For the convenience of observation，the 700"C isothermal sections of the Ag-Pd-Gd(Gd≤25％，atom

fraction)E1⋯，Pd—Ru—Gd(Gd≤25％，atom fraction)[1“，Ag-Pd—Ru‘173 and Ag—Ru—Gd‘183(Gd≤33．3％，atom

fraction)have been shown together in Fig．1．It was also found，that the solid solubility of silver in Pd^Gd

at 700℃is about 24％atom fraction[19]；of ruthenium 7．5蹦(atom fraction)‘1引，and the solid solubility of

Fig．1 The 700 X2isothermal sections oftheAg—Pd-Gd(Gd≤25“)，Pd-Ru-Gd(Gd≤25“)t Ag-Pd-Ru andAg—Ru_Gd(Gd≤

33．3“)ternary system phase diagrams
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palladium in A951 GdJ4 at 700℃is about 9％atom fractionFl”；of ruthenium 1％atom fraction‘”．

3．2 The 700 4C isothermal sections of the Pd-Ag-5Ru—Gd，Pd-Ag-20Ru—Gd and Pd-Ag_50RwGd

(Gd≤25％，atom fration)quaternary phase diagram

The 700℃isotherma】section of the Pd Ag-5Ru—Gd(Gd≤25％，atom fraction)phase diagram was re—

ported in reference[19]．As shown in Fig．4(c)，the section consists of the following two single-phase re—

gions：solid solution Pd(Ag)and PdRGd；four two—phase regions：Pd(Ag)+(Ru)，Pd3Gd+(Ru)，Pd3Gd

+Pd(Ag)andA95JGdl4+(Ru)；threethree-phase regions：Pd3Gd+AgslGdld+(Ru)，AgslGdll+Pd(Ag)

+(Ru)and Pd3Gd+Pd(Ag)+(Ru)；one four phase region：Pd3Gd+A95】Gdl4+Pd(Ag)+(Ru)．

In this work，the 700℃isotherma J sections of the Pd—Ag 50Ru Gd and Pd—Ag一20Ru-Gd(Gd≤25％at一

01711 fraction)quaternary phase diagram have been studied by the X。。ray diffraction disappearing‘。phase meth—’

od，and checked by metallography．The compositions of the specimens are represented by the symbols，

such as O，△and◆，in Fig．2 and Fig．3．The experiments confirm that there is a wide two phase region，

80Pd

20RU

80Ag

20Ru

Ag anml fraction m—

Fig．2 Phase fields in 700℃isothcrmal section of Pd-Ag-20Ru Gd(Gd≤25％)quaternary system phase diagram examined by

X ray diffraction disappearing-phase method

o biⅡary phase；z垒--ternary phasel◆--quaternary phase
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Fig．3 Phase fields in 700℃isothermal section of Pd Ag一50Ru—Gd(Od≈<95％)quaternary system phase diagram examined by

X-ray diffractioa disappearing phase method

O binary phase；△一ternary phase；◆--quaternary phase
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Pd(Ag)+(Ru)，along the palladium-silver—ruthenium—rich side of the 700’C isothermal section of the Pd-

Ag—Ru-Gd quaternary phase diagram，and there is not any single_phase region in either of the partial sec—

tions．According tO the experiment results from the X—ray diffraction analysis and microscopic metallogra—

phy，both sections are obtained as is shown in Fig．4(a)and(b)respectively．To sum up，the 700℃is

F培4 The several 700V isothermal sections of the Pd-Ag-xRu—Gd(Gd<25“)quaternary system
phase diagrams：(a)x--50，(b)z=20，(c)z一5，(d)3／7--0
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othermal section of either the Pd—Ag-50Ru—Gd or Pd-Ag一20Ru-Gd(Gd≤25％atom fraction)quaternary

phase diagram all consists of three two-phase regions：Pd(Ag)+(Ru)．P也Gd+(Ru)and A95l Gdl4+

(Ru)；three three-phase regions；Pd(Ag)+Pd3Gd+(Ru)，Pd3Gd+A95】GdH+(Ru)and A951GdH+(Ru)

+Pd(Ag)；one four-phase region Pd(Ag)+Pd3Gd+(Ru)+A95lGdl{．Both the sections resemble each oth—

er in form，and no new quaternary intermetallic pbaae was found．The】imits of the two—phase regions，

(Pd3Gd+(Ru))，(Pd(Ag)+(Ru))and(A951GdH+(Ru))，are almostinversely proportionaltothe ruthe—

nium content on the 700。C isothermal sections of Pd-Ag 5Ru—Gd，Pd—Ag-20Ru—Gd and Pd—Ag-50Ru—Gd(Gd

≤25％atom fraction)quaternary phase diagram．

3．3 The 700。C isothermal section of the Pd—Ag-Ru-Gd(Gd≤25％)quaternary system phase diagram

According to Fig．4，the 700℃isotherma}section of the Pd—Ag-Ru—Gd(Gd≤25％atom fraction)qua-

ternary phase diagram can be inferred．As shown in Fig．5，the isothermal section is a partial tetrahedron．

It consists of four single-phase regions：solid solution Pd(Ag)(polyhedron MLSTUM in Fig．5)，Pd3Gd

(EFKHGNE)，A95lGdl4(UORQPI)and(Ru)(ABCDVA)；five two-phase regions：Pd(Ag)+(Ru)

(LSUL-(Ru))，Pd3Gd+(Ru)(EFKNE’(Ru))，A95lGdl4+(Ru)(UORI-(Ru))，Pd(Ag)+Pd。Gd

(ENULMGE)and PdfAg)+A95iGd】l(UQROU)；three three-phase regions：Pd(Ag)+Pd3Gd+(Ru)

Ru

T

F培5 The 700"(2 isothermal section of the Pd-Ag-Ru-Gd quaternary system phase diagram

(ELUNE-(Ru))，Pd(Ag)+A95JGdlt+(Ru)(ROUR一(Ru))and PdsGd+Ags，Gd】4中(Ru)(JKNOJ“

(Ru))；onefour—phase region，Pd(Ag)+Pd3Gd+Ag¨Gdl4+(Ru)(ONUO-(Ru))．The solid solubility of
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palladium in Agsi Gd．，silver in Pd3 Gd and gadolinium in Pd(Ag)decreases steeply with increasing ruthe—

nium content．No new Pd—Ag-Ru-Gd quaternary intermetallic phase has been found in this work．
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