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3. Experimental procedure

Fig.1. TEM micrograph after  
the first DSC peak showing 
the Mg17 RE2 nanocr ystals.

Fig.8 X RD at the end of the DS C.

The  additi on of Ni, Y  and RE ele ments in certai n pr opor tions to pure magnesi um 
permi ts to sta bilize the a mor phous s truc ture when i t is c oole d quickl y enough.  
The c ost of the alloys could be re duce d by replaci n g pure RE with misc hmetal
(MM). Cr ys tallizati on of the ini tiall y amorphous ri bbons takes place in sev eral 
stages i nv olv ing the forma ti on of inter me diate phas e s. A long peri od or dered 
struc ture cr ys tallizes whe n Ce MM is s ubs tituted by yt trium.

Mg80Ni10Ce MM10 (at. % )

Mg80Ni10Y5Ce MM5 (at. % )

Charac terization techniques for cr ys tallizati on stu dies :

-Dif ferential Sca nni ng Cal orime tr y ( DS C). 

-Scanning elec tron microsc opy ( SE M) with a n e nergy dis persiv e
X-ra y anal ysi s ( EDX), X -ra y di ffrac tion ( XRD) and tra nsmi ssion 
electron mi crosc opy ( TE M) .

-Vickers mi crohardness tests ( HV).

Alloys:

Mel t-s pinni ng

Ma gne sium is use d for automotiv e and aeros pace c omp one nts  
due  to i ts high s peci fic s trength. There is  an incr easing i nterest 
to study Mg-base d amor phous alloys be cause their me cha nical  
properties are hi gher tha n those c orresponding to c r ystall ine  
alloys wi th the sa me compositi on. The se amorphous a lloys are  
also pr omis ing as hydroge n storage ma terials.

Ce MM (5 3 wt. %  Ce, 26 wt. %  La, 
16 wt. % Nd, 5 wt. % Pr).

- Ribbon s:

Mg80Ni10Ce MM10

1mm x 0.0364mm

Mg80Ni10Y5Ce MM5

1.96mm x 0.0311mm

Fig.6. a) TEM micr ogr aph 
showing Mg17 RE2 nanocrysta ls  
and b) X RD after the first DS C
peak.

5. Conclusions

-Cr ystallizati on of the two all oys takes place i n s ev eral ste ps. 

-Cr ystallizati on of both all oys  giv es rise  to a na no cr ys talli ne
matrix of Mg 17RE2 e mbe ddi ng other i nter metall ics phases.

-The subs tituti on of Ce MM by Y s hif ts the cr ystalliza tion 
temperature to hi gher te mpera ture s. Therefore Y sta bilizes the  
amor phous pha se.

-During the cr ys tallizati on of the alloy contai ning yttrium, the  
supersa tura te d ma gnesi um na nocr ys tals a dopt the  
configurati on of a  LPS O str ucture.

-The  ori gin of the phase trans for mations tha t occur  during the  
heati ng is the  prese nce of  phas es s upersa tura te d i n di ffere nt 
alloying ele ments.

6. Glossary

The author is grateful to MEC for financial suport for this work under project MAT2003-02845. S. González is indebted to MEC for theFPI grant BES-2004-50 61.

Mel t-s pinni ng : A rapid solidification technique which consists of a copper wheel rotating at high 
velocity. This configuration acts as an efficient heat sink for the injected melted alloy, so cooling 
rates 104 to 107 K/s can be achieve d.

LPSO (Long -period stacking orde red structu re): It  is the structure with th e atoms in a stacking 
sequence of closely packed planes.

Inter metalli cs (i nter metallic compounds):  Two or more chemical elements (e xcept o xygen, 
halides and noble gases) with a crystal structure diffe rent than th at of its constituent elements. It has 
a long range o rde r and possesses a characteristic  specific composition or a narro w composition 
range.

Misc hmetal : From German : Mischmetall-”mixed metals”. Alloy consisting of the mixtu re of rare -
earth elements in various natu rally-occurring pro portions.

Crys tallizat ion : The formation of crystals fro m the initially metastable amorp hous alloy whe n the 
heating is enough to pro vide sufficient atomic mobility.

Nanocr ystal s : Crystalline materials with grain sizes smaller than 1 00 nm.
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Fig.7. a) Backsc attered SE M and b)  
TEM microgr aphs at the end of the
DSC.T he big and sm al l triangular
particles c orres pond to RE3(Mg, Ni)
and Ni3RE, res pectively. The matrix  
correspond to Mg17RE2.

Mg17RE2
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Fig.4. TEM microgr aph at the end 
of the DSC c urve s howing 
Mg17RE 2 and Ni3RE partic les  
embedded in the M g17RE 2 matrix.

Fig.5. Bright fie ld TEM
micr ogr aph of t he lam el lar  
arrangem ent in the LP SO
phase at the end of the DSC 
curv e.
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Fig.3.X RD at the end of the DS C.
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Fig.2.X RD after the first DSC peak

4. Results
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