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One of the most promising methods of improving the strength of magnesium alloys is the use of rare- 
earth metals (REM) as alloying additions [1-3]. A - detailed study of magnesium alloys with four REM of the 
lanthanum series was made - lanthanum, cerium, praseodymium, and neodymium, and also gadolinium. A1- 
Ioys of magnesium with other REM have been investigated only from the viewpoint of rare-earth metals [4]. 
It was shown in [5] that the addition of erbium (up to 25%) increases the strength of magnesium at room and 
elevated temperatures. In contrast to other alloys of magnesium with REM, the ductility of this alloy remains 
at a fairly high level. 

We investigated the structure of magnesium-rich alloys with erbium. 

The original materials were 99.95% pure magnesium (MG95) and two grades of erbium - 99.83% and 
99.68% pure, respectively. Erbium contained the following impurities (no more than): 0.1-0.2% REM (Dy, Ho, 
Tin, Yb, Y), 0.01-0.02% Fe, 0.01-0.03% Ca, 0.03-0.05% Cu, and 0.02% Ta or Mo. 

Thermal analysis was conducted with the NTR-70 instrument with photorecording of cooling curves. 
The cooling rate was ~ 2 deg/min. The alloys were prepared for thermal analysis directly in the furnace of 
the instrument. Erbium was added in pure form and in the form of a master alloy containing ~ 50% Er. We 
used a corundum crucible, corundum dome, and Chromel-Alumel thermocouples. Melting was conducted under 
flux consisting of 50% KC1 and 50% LiCl. 

Thermal analysis and examination of the microstructure of the ingots showed that alloys of magnesium 
with erbium are characterized by a broad range of solid solutions based on magnesium. The eutectie trans- 
formation was observed at 584 ±2°C. The typical microstructure of the ingot with euteetic is shown in Fig. la. 
The phase in equilibrium with the magnesium solid solution has a gray color. From the data in [6] it can be 

assumed that it is Mg24Er 5. 

Alloys for determining the solubility of erbium in magnesium in the solid state were melted under the 
same conditions as in the thermal analysis, but to obtain denser ingots we used flux VI2 [38-46% MgCl2, 32- 
40% KCI, 5-8% BaCI 2, 1.5% MgO, - 8% (NaCl+ CaCl2)]. The ingots were hot extruded to bars 6.5 mm indiam- 
eter with 90% reduction. The temperature of the ingot before extrusion was 410-430 °, the temperature of the 
container 380-400 ° . The composition of the alloys was determined by chemical analysis. Samples were 
quenched after  annealing at 615 ° for  2 h, 580 ° for 3.5 h, 540 ° for  4 h, 500 ° for  5 h, 400 ° for  8 h, 300 ° for  24 h, 
and 200 ° for 200 h. Annealing at 400, 300, and 200 ° was preceded by annealing at 500, 400, and 300 °, r e spec -  
tively. 

Alloys quenched f rom tempera tures  below the eutectic had a s ingle-phase a o r  biphase a + Mg2tEr 5 
s t ruc ture  (Fig. lb). After  quenching f rom 615 ° the e rb ium-r ich  alloys showed signs of melting, indicating that 
quenching was conducted f rom the biphase region L+ a.  The resul ts  of examining the mic ros t ruc tu re  of s am-  
ples used for  determining the solubility and the data f rom thermal  analysis  a re  shown in Fig. 2. Liquidus and 
solidus lines and the boundary of the magnesium solid solution were constructed on the basis of these data. 
After  annealing at 200 ° the precipi tates of e rb ium- r i ch  phase are  very  dispersed and their  p resence  in smal l  
quantities is impossible to determine with any degree of reliabili ty by metal lographic analysis.  

The x - r a y  analysis  was conducted with the URS-50I di f f ractometer ,  with use of KaCu radiation. 

We determined the change in the interplanar  distance (213) in relat ion to composition. The results  of the 
measurements  for s ingle-phase  and biphase are  shownin Fig. 3. With solution of erbium the interplanar d is -  
tance increases ,  s ince the atomic d iameter  of erbium (3.48 ~) is l a rge r  than that of magnesium (3.21 A) [7]. 
The resul ts  of determining the solubility of erbium in solid magnesium at 500, 400; and 300 ° f rom the change 
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Fig. 1. Microstructure of M g - E r  alloys, a) Mg+42.5% Er, 
as-cas t  (200×); b) Mg+ 36.3% Er, annealed at500 ° for 5 h 
(400 x). 
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Fig. 2. Phase diagram of the M g - E r  system on the basis of data 
from thermal (X) and metallographic (©, O, I )  analysis. 

Fig. 3. Variation of the interplanar distance (213) of the crystal  
lattice of the magnesium solid solution with composition. ©) Single 
phase alloys; 0) biphase alloys annealed at different temperatures  
(given on the curves). 
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Fig. 4. Specific electrical re-  
sistivity of M g - E r  alloys in 
relation to composition. ©) An- 
nealing at 540°; X) 500°; D) 400°; 
A) 300°; O) 200 ° . 
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in the in te rp lanar  d is tance  match the resu l t s  f rom m i c r o s t r u c t u r a l  ana lys i s .  At 200 ° the in te rp lanar  dis tance 
(213) of the sa tu ra ted  solid solution coincides with the in te rp lanar  dis tance at 300 ° within the l imi ts  of the 
e r r o r  in the m e a s u r e m e n t s .  

The solubil i ty of e rb ium in the solid s ta te  de te rmined  by x - r a y  and meta l lographic  analysis  is given 
below. 

T e m p e r a t u r e ,  °C Er ,  wt.%, in solid solution 

584 32.7 (6.56) 
540 30.5 (5.99) 
590 28.3 (5.42) 
400 23.0 (4.15) 
300 18.5 (3.17) 

Note. 1) The e rb ium concentra t ion  in a tomic  pe rcen t  is g iv -  
en in pa ren theses .  2) The  solubil i ty of e rb ium a t  eu~ectic 
t e m p e r a t u r e  (584 ° ) was de te rmined  by extrapolat ion.  

F igure  4 shows the resu l t s  of measu r ing  the spec i f i c  e lec t r ica l  r e s i s t iv i ty  of al loys quenched a f te r  an-  
nealing. It should be noted that the e l ec t r i ca l  r e s i s t iv i ty  i nc rea se s  cons iderably  in the range  of solid solut ions.  
The inflection on the cu rves  c o r r e s p o n d s  to the change f rom the s ing le -phase  to the biphase region. The values  
of the solubility of erbium in solid magnes ium de t e rmined  f rom the inflection on the r e s i s t iv i ty  curves  a r e  
somewhat  h igher  than the values  de te rmined  by meta l lographic  and x - r a y  analys is  but a re  in s a t i s f ac to ry  a g r e e -  
ment  with them.  The lower r e s i s t iv i ty  of e r b i u m - r i c h  al loys a f t e r  annealing at 200 ° in compar i son  with an-  
nealing at  300 ° indicates a reduction of the solubil i ty of e rb ium in magnes ium when the t e m p e r a t u r e  is lowered 
f rom 300 to 200 °, which cannot be es tabl ished by meta t lographic  or  x - r a y  analys is .  The mechanica l  p r o p e r -  
t ies  of hot extruded ba r s  of the M g - E r  alloy were  given in [5]. 

Magnesium al loys with > 10% E r  have high s t rength c h a r a c t e r i s t i c s  at 250 ° - crb = 22-24.5 k g f / m m  2 and 
%.2 = 15.5-17.5 k g f / m m  2 - and the re fo re  can be cons idered  as the bas is  for  the development  of magnes ium a l -  
loys intended for  h i g h - t e m p e r a t u r e  appl icat ions.  The high solubil i ty of erbium in solid magnes ium is r e spon-  
s ible  for  the high ductil i ty of the alloys at room t e m p e r a t u r e  (6 = 9-12%). For  this reason ,  the danger  of b r i t -  
tle f r a c t u r e  i n c r e a s e s  negligibly even with the addition of l a rge  quanti t ies  of e rb ium.  
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