WI0HE #Wam i B O ¥ ¥ H Vol.10, No.3
1994 #£ 3 H ACTA  PHYSICO - CHIMICA  SINICA Mar., 1994

Wt Invar §8ANFERHT’

R ERS YRR
(FRdtks, R 110006)

ME #%TH L Invar(BK) 6% YFeo_, V, (2=1.6,2.0,2.4,2.8,3.2) #® SmFe;s_,
Ve (z=2.4,2.5} FHaaigE CaF, A VEHERE HNETRHBEAEGEPHE
BT MG B S IR. EARAIA G £ 480 % 920-1020K & 900-1000K.

k@A Wt Invar, MohEg®  ER AshE

AR RN, REAA Laves t04k4h. 4o NaZnl,” Nd,Fe B3 4 ThMnS ™ 4
it Invar A ENHLGETRTEAAKAME S HOHE. FF52 AR d
Ol @R T#HE Invar &4 La(Fe Al )13 89 N £REM, £ /AR &5 %R
K4k YFes Ve 84 54 SmFey; .V, 54 PHRNEHRK, URLSLTHLEA
oM. A e 4T

Mo | Y, YF3 | CaFy(# )| YF3, YFey .V, | Mo 42 Mo | Sm, SmF; | CaFq(#8)|
SmFj, SmFe;z_; V.| Mo £ ¥ ¥ g HH: RE g)-de+3F " =REF;F, Fop iR o RN
#: REFgr+3e=[RE] , , +3F~ ®a$ A H: RE(s)=[RE] .,

# + %4 RE f£44 REFei; .V, P04n*RA 5 6 M5 AGRe FTRLAK G B
F it AG, B

AGpg = AG = - 3FE
XF¥ F Ade ez, F Ak § (Faraday) Fi. B S84 20405, 0

ﬁﬁ[nﬁ] = RT].I[&[HE|, HRE] = CXP( -3FE-’;’RT:I
EW 4 2[RE] Akt Ak AL 4 REFe;, V., FHIEA.

1 ZBAHZE
1.1 JR¥

CaF, # M O FEMHFHELLT. £ENORALT 0.B% (AT, T
Bl). &&# &g 9095% H A& 1560 CERARTHAALR 10h. 2546 E ST
99.5% #H AR LAMFHREAYPRENT, LD FiELE.

1993-02-16 SCFA0HE. 1993-06-15 WM. BEL: ITES ¢ EFgoEsXsihmg

276



YF; #v SmFy 4 A& b 8 KT 00.95% & Yo04 #o Smy0; 5 NHHF2(AR) & TF &£
BFL A

RE204(s) + 6NH HF2(s) = 2REF3(s) + 6NH,F(s) + 3H,0(g)
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Fig.1 Apparatus used for emf mea- s geg';?[m o 16 20 24 1B 32
SUrements B2 YFe,  V,dYH®HITHESEE (a)
17 La, 2} Quartz tube. 3 Elee- RE5Af (b) BmXE
trades, 41 Reference cleckrodes 5 Fig.2 Activity of ¥ in YFe;n .V,
Single crystal CaF., 6) Alundum as a function of tempera-
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Stopper, 1Y) Electrode lead respectively
# | FEEEHERERE E(nV) fRRER
Table 1 Results of einf mneasurements
T/K
CAlleys 900920 9410 960 580 1000 1020
YFeipaVie 4.86 6.15 8.16 11.29 16.00 2334
YFe1aVao 5.54 7.66 10.02 13.30 18.79 27.57
YFea s Va g 10,88 17.53 25.40 33.45 44.30 60.13
YFea2Vos 12.92 18.34 27.36 40.78 53.91 67.94
¥ FessVao 6.30 §.18 12.51 17.49 23.68 34.39

SmFeg Vo g 233,40 224110 211,410 197.37 182.10 174.110)
SmFeg 2 Vaa 214.12 202,69 L88.48 176.39 164.63 155.23
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Hor=1.6 1,

E(mV) = 87110 + 1.7554((T — 970),/10] + 0.22067[(T — 970)/101

W AS=nF(OE/0T\P T4 AS=508107+13.2058{T-970)/10]
H 20

E(mV) = 12.1820 + 2.2087[(T - 970)/10] + 0.22987/(T — 970)/10)

AS = 63.9317 - 13.2958((T — 970}/ 10|
& 24 K,

E(mV) = 27.7716 + 4.5810](T — 970)/10] + 0.22967((T" ~ 970)/10}"

AS = 132.5988 + 13.2958[(T — 970)/10]
x=2.8 #f,

E(mV) = 35.1938 -+ 5.7788[{T — 970)/10] + 0.22967](T — 970)/10]°

AS = 167.2696 + 13.2958((T — 970)/10]
r=3.2 &,

E(mV) = 14.1646 + 2.7086[(T — 970)/10] + 0.22067(T — 970)/10)°

AT = 78.4014 + 13.2958((T — 970)/10

278 WULI HUAXUE XUEBAO {Acta Phys.-Cham. ) 1994



HAE AG=nFE,a=exp(-3FE/RT) % %, THE—LAHFBRAETHEE, BA
RO W Ao U A R A T AR B

B 2(a) # (b) A ATBA RSO EILH YFey V, Y EAHYHH MER
B &, EAXRRY. =24 =28 ¥ 5FARMK AL EANTHEM
HHE TV AGIEM, ZEARK, £ 28 LEWEAR D, LEMA X ¢im,
EASE Y S X £

@ 3(a) 4= (b) A ATRAPAS>HEBGER OB Foh, OO TRITHS
A AT A An .

B 4(a) 42 (b) 4 A AT YFeyy V., F Y HRARBERBA AL ZHELE A
#. BPREEHHRENE, 08 TR

-0 et
= x & B

L]
0 el D SO 1000 108G 16 L0 54 18 AE

3k, ml
Jg
MR
AR/ K" - mal”
£ o & B B B
'\\}\
-
AR - KT mal®

TR X m
B3 Yle,, [V, &Y RGETEHRSE
B (a) BoHEd (b) X% ww#:wm T T i T
Fig.3 Partial molor free energy of Y B4 YFen .V, & Y SEAETWSEE
—I I Fi BY

in YFe;-_ .V, as a funection of
temperature (a) and composi-
tion (b), respectively

(a) B54EK (b) %%
Partial molar entropy of Y in
YFe;, .V, as a function of tem-

Fig.4

perature {a) and composition
{b), respectively

WE 4P T L AS T HRERBMBA GG AP, Fe— ALK PH
FHUAS z 69380, L RARBF GRS, A H 26-28 ZHBEERK. HE
i 3 o & 4 6983 M P T AR

2.2 SmF*E‘u—:V:: %ﬂﬂﬂmlﬁi'—ﬁ

) a.n{ ) w15 - e L4 (b i
g 40 L4 3
* o " R a4 Sm SRR FLERL

54 Y 44X MmOHAELRE. FHH

G .
SO0 BRI B4l BE0 DEG 1000

B S R
OO0 020 44 060 SE0 1000
T/'K TiK

B5 (a) SmFe;z_,V, ¢ Sm #EE#E
He9%E (b) SmFey. .V, % Sm
WEET HOEIEEY=xE

{a) Activity of Sm in

SmFe;;_ .V, as a function of
temperature

Fig.5

{b) Partial molar free energy of
Sm in SmFe;; V. as a function
of temperature
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Investigation on the Thermodynamic Properties of Invar-type Alloys Containing Rare
Rarth Metals

Xu Jianming Wang Changzhen Sui Zhitong
{Northeastern University, Shenyang, 110006)

Abstract Theinvar-type alloys of YFey» .V, (2=1.6, 2.0, 2.4, 2.8, 3.2) and 5mFe;2_,V.,
(#=2.4,2.8) were prepared by melting elements in water cooled crucibles in a small arc
furnace with a magnetic stirring appratus. The activity and the relative partial molar
Gibbs free energy of the Yitrium and Samarium in the alloys were determined by the emf
method using the single crystal of CaF; as a solid electrolyte at temperatures of 920-1020K
and 900-1000K, respectively. The galvanic cell used can be expressed as

Mo | RE, REF; | CaFa: | REFs, REFeys V. | Mo

The overall cell reaction is RE(S) =RE (alloys). The relative partial molar free
energy of RE in alloy is equal to the free energy change of the cell reaction, ﬂE{I{E] —AG=-
3FE. If pure solid phase RE is chosen as the standard state, then AG grg)=RT Inarg),
I RE) =CIP(—3FEJ-"RT].

The experimental result shows that the activity of Y in alloys are larger than that
of 5m in alloys, the SmFe;5_, alloys are therefore more stable.

Keywords: Rare earth, Invar-type alloys, Thermodynamic properties, Activity,
Electromotive force method
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