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Thermodynamics of melding and refining of magnesium alloys
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Abstract: T he diagrams showing relations of formation free energy of the oxide, chloride and flu-
oride against temperature related to foundry of magnesium alloys were presented according to the
thermo-dynamic data for magnesium alloying. On the physical and chemical background of mel-
ding and refining of magnesium alloys prepared by the flux treatment method, the thermodynami-
cal principles were analyzed for the theoretic foundation of choosing flux rationally. The existing
questions of preparing fluxes during melting, alloying and refining of the rare earth magnesium
alloys were particularly analyzed, and the solution was presented.
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Fig. 1 Plots of formation free energy of

metal chloride vs temperature
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Fig. 2 Plots of formation free energy of

metal fluoride vs temperature

1.4 SHYERBHEE

A B e (B 3) IR S, BR T S RI R
T IuFE S, HAbS R T I Bt Re th & n
2k z b o X U0 45 R R - B A AL D FE B b 2
FOEM, HIMAiES R oo, ARt
s IR AN MgO 1 IRBAF (X2 VF 2 18 7
Z0HAS B ISR . ASHEBR R E B AT BR T
1 I R 23 ¢ - = e o S I K P e
CaO oifi 2 4Y) R205 . XF MgO AJLF# 0 2%
A B BT IR, 4R WK 4 P
AL, MgO 55X ek + 8 AL P A i B i e 22 0 1R
K IIAHE 24 R2 05 BARAERR 22 e 2V AL,
HEFE TH 1, Bk, AZEERH MgO fEXG I . 4
DU 1 A 1= DA A0 1) e Ath 4 8 4 & SR, SR
MO TERSIFRZAE 1), (XL 4R At pt
BRI R (nEAL SR, BTbL, AR & B2 St
RoCRAAY), Bl & e E S A, X T,
Wi HAEMY R E ), RN e, AR
TN MO, A LA # 8 A RS I . 5 Bk
EBH, BT AR LT B BE IR AN 3G 17 5028



* 430 -

R EARRIER)

o537 %

-100

-125

-150

-175

-200

(AG/nYk)

—225
-250
275

-300

3
Fig. 3

~1.4F

i
in

AGT/(MJmol™)
|
o

-1.7

Fig. 4

Na

FeX

—C#"’// My

Na Cet

T

i 1 L 1 1
500 700 900 11006 1300

7/K
G ALY RE KA bR B IR R
Diagram of formation free energy of

metal oxide vs temperature

2Re(s)+3/20,(g)=Re,0(s)

.—Gd203c
al —L3203
‘"—CCZO3

v _Nd203

. —Gd203B
+—Dy,0;
*—Y,0,

o _SC203

1 1 1 | |

1000 1200 1400
T/K

]
400 600 800

4 HHHITTRAMHI LR A HREE

Plot of formation free energy of a few

of weight rare earth metal vs temperature

2 BRE SRR MRS

2.1 &5

H1 T B S Y BRI 2 PR SR R e, BRI A <

R EAERHLE

A« SR RIURE R SRR R ol ) A B T 9 . SR A
LR BEA S R LU 4 2 FRIE A ThRE, B
FHAA LR 1E RV R RS B . S50 R BH, FHIRLL
iR A RS DT R et <y B A AN EI Y S TR TN
FAMIERRIBR . A SRR 4N 3 AN
Bl IBHERE A AR, R E
T Ak B . AR 9 A4 FH RS 2 2 A A o A2 1
ANTE], TV 23 8 R R RS M50, AR U
AP OR A TR0 A0 8BRS AR PR R T e
P2, REAFH TR LR . AR T o i IR A 1)
(B, DCEERT 1 [ 285 0 3 A s TRk P A8 A4 F A Joe,
Rk, BRXHEE R A SRR R e, B —
SEMTRBI T, JEAEPS S I YE N BT viE 42 8,
RETEEEA 4 ASRIMY BT R I, 2%
JELLEEA S EAR(BASENEEN 1.7 g/ em’,
WABENBEERLAN 1.55 g/em’), WEKTESE
(BRI S5 BT 475 °C, S 15 o IR W i
VEFH o DINF e 9 750 1) 3 2 H 1R 2 e K PR gk
DAL IE B B A R, o mAn st g 5 G ¢
RS M AL BEAR TR R, R RESRAG I K10 & 8 A3
K,

It B PR IR 70 B4 2 R — A B R B+ 4
JEFAC PR A, W AFE MgCla; 17 ¥ 46 14 A
ORE MR R AR R R R il b, A& H—
SR A CaF,, MgFa, MgO, SiO, fil R20; %%, &
WHITE AR 2, ALY RS AL D 78 S 3G 10 571 . 4%
FIRIVE AR T2 i BRI 22 v, Rk, %08
YEFIE 53X 2 BRI R DA 5 3 # 0 ai &
IR T L

WL R, Ja IR M 1 F B 1 B2 )
] 285 R 5 2 4 e 2 T MR o DA S A 4 2 T b i ek T
R AR AR . e 7 o R IR FRAE F I
FIE T & MgCle . T H & MgCl #4877 R4
YEFIMLEE, E4 8RN ER K — EIEH H
FACD A S SE S B S AR 1 MgO 2
() &b 2 T BHL 1B 2SS B9 RE AR IA BB BR I H 1, &
W, WA R BES R BRI E N . X2 —
MRS MgClh BIJRIE . B4, &
CaCl, FIEFILE 750 CLA_E A BRI R AR+ 1H &,
T Mgl SRR O R, 1% B89 57038 B I
i LA 4.

B RS B R A P 2 B 2 Ak b 1 4 )
AIEEEASY) .. XL S AL RIS B A
1w wA) B FEI AR DL R Rk i L B
SR HRIE BT LK ) FEAE A 4 RV TR 4



5340 PR, 4 BEASEMRIIR - 431 -
K650 C), AR T M ABER# RN o A [ CaCl A1 CaO FYBHAR, "EA A U B8 550 2 (1

(25 B, X FE A B R TIE 78 R Ik 71480 44 44 3R T I,
R R PR 88 38 43 Rl B s A< o 10 R 2 TN B iR
H o TR MRS R, SR R AT K 1 2 1T 9K ) A
B, MRS LB R A R, HF HAE SR
KRS TR — 2 R B TL)Z 5 700 RS s B B
ST BV R e T A4 RN B 1 A 2 SRRk
FOOREL, e AT e Y V] AR R PR A b v ) AL AR A A
JEFRL -, DRI 28 BERE R, AR T U0 234 40
AL, S 5 A Hp R T ) B S B
(19, LERS AR N3 S5 7] ( BCLo) LA K a4 £ #8 2&
HETREANER . 56, fER RN w5 E —
B UTTE B (DT I TR) A0S PR B T )

R A B S AR F R A R, RS A LR 4 A
sy, CLERN B 5 PERE R FF 2, N ELRAE G d5 it
FEMIBARN AT . 8 T B ROE & T e 1 72 1 s 7
)2, WMALE N2 A LT M Re: ol s Ak
L7l S T NE= S I 2 7 N N NS o = I N K
Il UM TE; 0P AU Ay R AA
"MERT);, fE—wlR BN EA SN —3
PE o IX L ER T IRAT D B 1 414

R RN Z S R A0 DR TR b 5 i 14 90 7] 0
HFEIRR) o b T RAIE S 7P BRI 2k, A A
A3 R e — 8 B 2 T VA L B
MgO, CaF> Fll MgFa . Mgl A5 AL B IG R 45 0
7, CaF, HAEIL 5 & MgClh 1IXEh & W AR B
MgFs A Bk B9 I — 2tk 2K . i MgO %
AR ST MgCl, 1 HLBIIR K, XRS5
PR RN, K TR b5 ET B 52 AL B
T IRt a5 ) 7V T AR A B
2.2 HIBEEBTILALTE

I B H e B2 B LA, R ORS R
PEFIR I AN & MgCl Al MgO . R e I1& 5
s BIAE A, AR R A A R AR A A B
SRR R, LA L HERR, SEGE TR
B AL AN R e 2 . B LR S I B ]
A SIS A LB KB KCR o A& e B 8]
HaRER T ORI, RS M gCl BRI E M 1

ARSI . KR W, fE ik, B8 2
IEFERIE AT N TS B E AL, 5 Mgk
bO I ey AX L ISR iRl R P S P ) W sp vk
JRASE S . AL A B REEI AT L, CaO 52
AE ML) . AR M B A S, B IE
MgClo FRJEFE A B, RS MgCl 1

A, NAEM CaFa Fe0r et )E, FHREH L P& S
Hopwfe, A et te BRI B4 . 1B SRS
B MgCla 57 AT 7] 1673 B 15 < R e 2 e A Uy
Wk s g, L,

lnl ' ﬂ:’

Fave ) TR A R R

...’z Y

(a) & MgCL fJEH; (b) HA&MAS MgCl HIKE )
5 FHANTRVEE SR8 MR IR b R 20 Bk 15 < (K e S AR 3
Fig. 5 Morphologies of as-cast magnesium
alloys with the same ingredients melted

in different fluxes
3 4

aﬁﬁ%%Aﬁ%ﬁ%mAEE%m%ﬁ%ﬁ

e (= A =t = 11 =



+ 432 - R RS AR (A RBHEIR) 37 %

c. T HTEE4E84 A nEHE 4 tables of chemical thermodynamic properties ( Selected
Wi IR TR ) B T values for inorganic and C1 and C2 organic substances

in SI units) [M]. LIU Tiarrhe, ZHAO Meng yue,

5 % ik translates. Beijing: Thefhinese Standard Press,“l?98.

[7] Hit&Esi(Stark) J G, 3+ (Wallace) H G. L2
FMIM]. BEE, #. dbst BTl 1986.

Stark J G, Wallance H G. Chemistry data book [ M].

(11 & . WERBSs AL s L L 285 D].
Kb PR RZEMRR S TRBE, 2003.

YANG Houchang, translates. Beijing: Hydrocarbon
YU Kun. Study on microstructure and processing tech-

Processing Press, 1986.
nology of RE-containing wrought magnesium alloy
[8] Kipouros Georges J, Sadoway Donald R. A thermo-
[D]. Changsha: School of Materials Science and Engi-
dynamic analysis of the production of anhydrous MgClh
[J]. Journal of Light Metals, 2001, 1(2): 111~ 117.
(9] # #E, #ILH, THE. Wbt SoRp iy
B HAEABER IR M. et BE2E B4R, 1995.
DU Ting, HAN Qryong, WANG Chang-zhen. Phys

neering, Central South University, 2003.
[2] SR, BHEA, xR, 5. Wb e A ek L
R R[] . #iE, 2002, 51(2): 68~ 71.
GUO Xutao, LI Perjie, LIU Shuxun, et al. Develop-
ment states and prospect of heat resistant rare earth-
magnesium alloy [ J]. Foundry, 2002, 51(2): 68~ 71.
[3] Negishi Y, Nishimura T, Kiryuu M, et al. Phase dia

calchemistry and effect of rare earth, alkaline earth,
etc. element on metallic materials [ M]. Beijing: Seci-
ence Press, 1995.

[10] Taniike S, Kitaguchi Y, Kamado S, et al. Forge abil-

grams of magnesium-rice portion, aging characteristics
and tensile properties of Mg heavy rare earth metal
(Gd, Dy)-Nd alloys [J]. Journal of Japan Institute of
Light Metals, 1995, 45(2): 57 ~ 63.

ity of Mg-heavy rare earth metal alloys and aging char-
acteristics and tensile properties of their forged materi-
al [J]. Journal of Japan Institute of Light Metals,
1997, 47(5): 261 = 266.

[11] %, () [M]. db st ¥4 Dok AL,
1995.

[4] Anyanwu I A, Kamado S, Kojima Y. Creep properties
of MgGdY-Zr alloys [J]. Materials Transactions,
2001, 42(1): 1212~ 1218.

[5] i RF&BER. WA EHIM]. bt BE
Tk R A, 1978.

Department of Metals, Sun Yat-sen University. Phys-

XU Guang-xian. Rare earth ( middle) [M]. Beijing:
Metallurgy Industry Press, 1995.

[12] %9, skDW, HW ), & W EaESEs8nmT
ERMFAS =0T P ER LR, 1995, 13(2):
119 = 122.

LUO Zhtping, ZHANG Shao-qing, TANG Yali, et

ics and chemistry data of rare earths [M]. Beijing:
Metallurgy Industry Press, 1978.

[6] Wagman Donaid D, Evans William H, et al. NBS {L%
VR (ST B R R L B R C1 5 C2
AU BIERAE) [ M]. XERA, & H, #. b
AR AE tH AAE, 1998.

Wagman Donaid D, Evans William H, et al. The NBS

al. Thermochemical analysis of the effects of rare
earths in solution of magnesium alloys [ J]. Journal of

the Chinese Rare Earth, 1995, 13(2): 119~ 122.



