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Thermal behavior of metallic aluminum in a Container glass melt 
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The the rmal behavior o f metallic a luminum was studied in the t empe ra tu r e r änge of 1100 to 1500°C in a C o n t a i n e r glass mel t . T h e 
dissolut ion of the meta l was determined as a function of a luminum inpu t , glass volume, mel t ing t ime a n d the type of glass used . 
By analogy, melts conta in ing magnes ium cutt ings were also investigated. 

Wi th the aid of electron microscopy, it was possible to establish a reac t ion scheme of O x i d a t i o n a n d reduc t ion processes. On ly 2 
to 3 % of the a luminum int roduced causes the format ion of silicon spheres. T h e m a i n p a r t will be oxidized t h r o u g h reac t ions wi th 
oxygen, hydroxide and polyvalent ions in the melt . 

Thermisches Verhalten von Aluminium in einer Behälterglasschmelze 

D a s thermische Verhalten von Alumin iumspänen wurde in einer Behäl terglasschmelze im Tempera tu rbe re i ch von 1100 bis 1 5 0 0 ° C 
untersucht . Die Auflösung des Metal ls wurde in Abhängigkei t von der e ingebrach ten A l u m i n i u m m e n g e , d e m G l a s v o l u m e n , de r 
Schmelzzeit und dem Glas typ best immt. Z u m Vergleich wurden Schmelzen mi t M a g n e s i u m s p ä n e n durchgeführ t . 

Mi t Hilfe der Elekt ronenmikroskopie war es möglich, ein R e a k t i o n s s c h e m a für die ab laufenden Vorgänge in der G la s schme lze 
aufzustellen. N u r 2 bis 3 % des eingesetzten Alumin iums verursachen die Bi ldung von Si l ic iumkugeln. D e r Haup t t e i l des A l u m i n i u m s 
wird durch Wechselwirkung mit dem in der Schmelze gelösten Sauerstoff, den Hydrox id - u n d polyvalenten Ionen oxidiert . 

1. Introduction 
U p to now, reactions between metallic impurities and 
glass melts have been examined scarcely because in the 
past resulting problems were not serious. Wi th improve
ment of melting tanks, Installation of electric boosüng 
and bubbling, the temperatures at the b o t t o m were in
creased. If metals are present in the melt, b o t t o m cor
rosion is observed at higher temperatures [1]. 

Fur ther problems appeared through increased use of 
recycled cullet because metallic contaminat ions cannot 
be completely avoided. Metallic a luminum entering the 
furnace as foil, aluminized paper, caps and rings leads 
to the formation of spheres of elementary silicon pos
sessing a mean size of 1 mm. These inclusions cause 
stresses in the glass and the Container must be rejected 
[2 to 4]. To reduce product ion losses, information on re
actions occurring between metal and glass melt is neces
sary This paper reports on the reaction behavior of 
a luminum and magnesium cuttings in a Container glass 
melt and the silicon spheres formed. 

2. Oxidation and reaction behavior of 
aluminum 
The Oxidation of a luminum is a complicated process 
which e. g. depends on occurring impurities and coatings. 
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D u r i n g the Oxidation process at high tempera tures , first 
an a m o r p h o u s phase is formed. After long annea l ing 
t ime crystalline AI2O3, a- and y-phase, is observed 
[5 and 6]. T h e oxide layer grows due to diffusion of 
a l u m i n u m ions t h rough this layer. O n the surface the 
a l u m i n u m rapidly reacts with oxygen and hence, new 
a lumina is formed. T h e diffusion process is caused by a 
diffusion via lattice defects in the oxide layer. T h e 
formed thin oxide layer passivates the surface a n d the 
further growth of the layer will be diffusion-controlled 
and hence, follows a Square root law. If the oxide layer, 
however, is removed or scratched, the Oxidation is en
hanced . Alloying elements such as magnes ium, i ron, Sili
con, copper, zinc, manganese , calcium and beryl l ium ac
celerate the Oxidation process [7]. T h e oxide layers are 
gray-colored because metall ic inclusions are still p resent 
[8]. T h e layer will be white, if all metall ic par t ic les are 
completely oxidized. As shown in the phase d i a g r a m [9] 
(figure 1), small addi t ions of silicon decrease the mel t ing 
t empera tu re of a luminum. The alloy with the eutect ic 
compos i t ion has good processing proper t ies a n d is tech
nologically impor t an t . After c o o h n g the silicon is em
bedded in the a l u m i n u m matr ix phase in different crys
talline forms [6]. 

O n the basis of the El l ingham d iagram [10], a lumi 
n u m reduces many oxides such as Si02, F e 2 0 3 , M n O , 
Ti02, Sn02, Z n O , CU2O and C r 2 0 3 . N o t only Si02 bu t 
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Figure 1. Phase d i a g r a m of the S y s t e m a l u m i n u m - s i h c o n [9]. 

Table 1. Q u a n t i t y of fo rmed silicon spheres and color of glass 
as a funct ion of a l u m i n u m input 

a l u m i n u m quan t i t y of co lor of glass 
inpu t in g sihcon spheres 

ba tch w i thou t refining agent 

O.Ol 0 greenish 
0.02 3 greenish with brown cords 
0.03 n . d . b rown-b lack regions with 

bubbles 

ba tch wi th refining agent 

O.Ol 0 greenish with brown cords 
0.02 0 green with b rown cords 
0.03 7 greenish 

Exp lana t ions : n . d . = T h e spheres could no t be determined 
quant i ta t ively due to the s t rong b lack-colored glass. 
Expe r imen ta l cond i t ions : mel ted from raw mater ia ls , 118g batch. 
Mel t ing cond i t ions : hea t ing u p to 1550°C a n d annea l ing 4 h at 
1550°C, cool ing S t a r t s in a furnace at 560 °C. 

also mulli te will be reduced and metall ic silicon is 
formed according to [4, equa t ion (1)], 

2 (3AI2O3 · 2Si02) + 4A1 ^ 8 A I 2 O 3 + 3Si + Si02; (1) 

3Si02 + 4A1 2 A I 2 O 3 + 3Si; ( 2 ) 

3Si02 + 7A1 -> 2 A I 2 O 3 + 3AlSi; (3) 

3AI2O3 + 2Si02 3AI2O3 · 2Si02 . (4) 

Reaction (2) takes place at temperatures above 700 °C. 
Studies of mixtures of quar tz sand and a luminum 
showed that the reaction mechanism is more com
plicated and also a l u m i n u m - s i l i c o n alloys and mullite 
can be formed. The formation of mullite was solely ob
served at higher temperatures. Reaction (4) will be ac
celerated, however, by the qua r t z - c r i s toba l i t e phase 
t ransformadon. 

Shardakov [11] examined the reactions between an 
A l - F e alloy and a glass melt. He also observed silicon, 
AI2O3, mullite and as addit ional phase FE203 . Standage 
and Gan i [12] showed that the occurrence of bismuth 
and ant imony as alloying metals leads to the formation 
of an oxide layer on the surface, which accelerates the 
reduction of S I 0 2 by molten a luminum. 

The studies by Weiser, Petermöller, Wohlleben, Schu
macher, Wischnat and Roger [2 to 4 and 13 to 15] con
firmed that metallic a luminum impurities cause the for
mat ion of SILICON spheres in the Container glass melt. But 
an exact reaction mechanism was not given. 

3. Container glass melts with aluminum 
cuttings 
The experiments were carried out on a flint glass. In in
dustrial practice, it was observed that with this glass type 
more silicon spheres appear than in green and amber 
glass. Moreover, the possibilities to observe the alumi
num dissolution and the formation of silicon spheres in 
flint glass are better than in colored CONTAINER glass. 

Either batch or cullet was used as raw material and 
melted in a lumina crucibles. The batch consisted of a 
three-component SYSTEM with the composi t ion (in 
mol%): 12.25 Na20, 11.40 C a O and 76.35 SiOs. Raw 
materials used were: sodium carbonate, calcium car
bonate and quar tz sand from Ober land Glas AG, Bad 
Wurzach (Germany) . As refming agent sodium sulfate 
was added (0.25 g/lOOg glass) as well as cuttings of me
tallic a luminum. The cullet had a grain size of less than 
3.15 m m and was also obtained from Oberland Glas. 
Subsequent to the melting process, the glass melt was 
annealed at 1550°C for 4 h. 

As shown in table 1, already small quantities of 
a luminum cause the formation of silicon inclusions. 
Fur the r experiments were carried out, refining agents 
being added and the melting condit ions varied (see 
tables 1 to 3). They showed that the dissoludon of alumi
num metal depends on oxygen part ial pressure in glass 
melt as well as ON melting temperature, melting time, the 
a m o u n t of a luminum and the glass volume. An influence 
of the amoun t of cullet was not found. The dissolution 
rate of a luminum in a 100 g Container glass melt is so 
low that long melting times (32 h) at high melting 
temperatures are necessary to obtain clear glass melts 
(table 2). By contrast , after melting at temperatures in 
the ränge of 1100 to 1300°C, gray, brown and black-
colored glass melts are observed. There, the color inten
sity increases with anneal ing time and the quanti ty of 



Table 2. Long- t ime anneal ing experiments of flint glass melts 

t e m p e r a t u r e i n °C a n n e a l i n g t i m e i n h 

4 16 32 

1200 g r a y r e g i o n s a t the s u r f a c e g r a y - b r o w n r e g i o n s w i t h 

S i l i c o n s p h e r e s 

d a r k b r o w n - g r a y r e g i o n s w i t h 

i n c l u s i o n s 

1300 g r a y - b r o w n r e g i o n s w i t h 

m e t a l l i c s p h e r e s 

d a r k b r o w n - g r a y r e g i o n s 

w i t h S i l i c o n 

d a r k b r o w n - g r a y r e g i o n s w i t h 

s p h e r e s 

1400 g r a y - b r o w n r e g i o n s w i t h 

m e t a l l i c s p h e r e s 

b r o w n , b l a c k r e g i o n s l i g h t b r o w n r e g i o n s w i t h 

s m a l l s p h e r e s 

1500 g r a y - b l a c k r e g i o n s c l e a r g l a s s w i t h m e t a l l i c s p h e r e s c l e a r glass 

Exper imenta l condi t ions : 50 g cullet, grain size between 1.25 and 3.15 m m , 0.1 g a l u m i n u m , cut t ings in the middle of the crucible . 

a luminum added. However, at temperatures above 
1300°C, the color intensity decreases with annealing 
time because formed AI2O3 will be dissolved in the glass 
melt. Also the formed silicon spheres dissolve but, by 
compar ison, more slowly. With increasing volume of the 
melt, the dissolution time becomes shorter with a con
stant quant i ty of a luminum added (table 3). 

The gray and black glass regions were examined 
using a Scanning electron microscope (SEM). The SEM 
micrographs (see section 5.) showed that different phases 
occur in these regions. If the a luminum input is low, the 
colored glass regions are found at the surface and at high 
a luminum inputs on the bo t tom of the crucible. When 
long anneahng times of more than 16 h are used, the 
Silicon spheres and the aluminum-rich glass can cause 
crucible corrosion. 

In table 4 the densities of metals, their oxides and 
Container glass are summarized. Silicon and liquid 
a luminum must rise to the surface of the glass melt, due 
to their lower densi ty The AI2O3 and mullite formed 
must deposite at the b o t t o m of the crucible, due to their 
higher density The alumina formed increases the vis
cosity of the Container glass melt dur ing its dissoludon 
and hence, diffusion processes are decelerated. Concen
trat ion gradients in the melt as well as differences in sur
face tension cause microturbulences (Marangon i effect) 
in the gray glass regions. 

After Bauermeister [18] d issoludon of AI2O3 only 
takes place with low reaction rate and by forming of 
bubbles. These results were also observed if metallic 
a luminum was added. 

To clarify the dependence on glass melt composi t ion, 
further studies using green and amber cullet were carried 
out. The input of a luminum was 0.1 g. The cullet was 
melted at different temperatures as shown in table 5. At 
low temperatures also black-colored glass regions occur. 
The observed differences to flint glass were: the de
creased number of silicon spheres formed, the occur
rence of white, bubble-rich inclusions and, in the case of 
amber glass, the presence of silicon spheres surrounded 
by a gray-brownish glass phase. 

Table 3. Disso lu t ion of a l u m i n u m at h igher mel t ing v o l u m e 

a l u m i n u m annea l ing cond i t ions observa t ions 
inpu t in g t empera - t ime 

tu re in °C in h 

0.1 1300 48 b r o w n g l a s s s w i t h s m a l l 

g r a y r e g i o n s a n d s i l i c o n 

s p h e r e s a t t h e s u r f a c e 

0.1 1400 30 y e l l o w - g r e e n i s h g l a s s w i t h 

b r o w n c o r d s , a t t h e s u r 

f a c e o n l y o n e s m a l l g r a y 

r e g i o n 

0.1 1500 10 y e l l o w - g r e e n i s h g l a s s 

Exper imen ta l c o n d i d o n s : 100 g flint glass cullet, g ra in size be 
low 1.25 m m , cu t t ings p u t in the middle of the crucible . 

Table 4. Dens i ty a n d e x p a n s i o n c o e f f i c i e n t s o f m e t a l s , t h e i r o x 

i d e s a n d C o n t a i n e r g l a s s [16 a n d 17] 

C o m p o u n d d e n s i t y 

i n g / c m ^ 

t h e r m a l e x p a n s i o n 

c o e f f i c i e n t in 10"^ K ~ ' 

Al (solid) 2.70 23.80 
Al ( l i q u i d ) 2.38 7.00 
Si 2.33 2.50 
α-Α1.θ3 3.95 7.00 

3.30 4.00 

y-AhO^ 3.47 -
y5-qua r t z 2.65 12.30 
a - q u a r t z 2.60 -
a - t r i d y m i t e 2.30 -
a - c r i s t o b a l i t e 2.21 -
C o n t a i n e r g l a s s 2.48 9.00 
3AI2O3 · 2Si02 3.16 4.50 
AI2O3 · Si02 3.25 3.20 

4. Glass melts with magnesium cuttings 
Magnes ium is a s t ronger reduct ion agent t h a n a lumi 
num. After Schumacher and Petermöl ler [3 a n d 13] this 
meta l does no t cause the format ion of silicon spheres in 



Table 5. Effect of glass mel t compos i t i on o n dissolut ion of a luminum (0.1 g a luminum per 100 g cullet) 

m e l t i n g c o n d i t i o n s 

t e m p e r a t u r e i n °C t i m e i n h 

f l i n t g l a s s g r e e n g l a s s amber glass 

1100 3 g r a y g l a s s a t t h e s u r f a c e , 

b r o w n c o r d s 

g r a y glass at the s u r f a c e g r a y glass a t t h e s u r f a c e 

1200 3 g r a y g l a s s a t t h e s u r f a c e , 

b r o w n c o r d s 

g r a y g l a s s a t t h e s u r f a c e g r a y g l a s s a t t h e s u r f a c e 

1300 3 8 S i l i c o n s p h e r e s a t t h e 

s u r f a c e , b r o w n c o r d s 

3 Silicon s p h e r e s a t t h e 

s u r f a c e , w h i t e i n c l u s i o n s 

w i t h m a n y b u b b l e s 

3 S i l i c o n s p h e r e s a t the 

s u r f a c e , w h i t e i n c l u s i o n s 

w i t h m a n y bubbles 

1500 3 6 S i l i c o n s p h e r e s a t t h e 

s u r f a c e 

1 S i l i c o n s p h e r e a t t h e 

s u r f a c e 

1 S i l i c o n s p h e r e a t t h e 

s u r f a c e 

I 1 1000 μ η 

Figure 2. S E M m i c r o g r a p h of f o r m e d b l a c k c o r d s a n d b u b b l e s 

at h i g h m a g n e s i u m a d d i t i o n s to a C o n t a i n e r g l a s s m e l t ( m e l t 

w i t h 3.4 g M g to 100 g c u l l e t , m e l t e d at 1550°C f o r 1 h ) . 

a green Container glass melt . To reexamine this result, a 
series of melts with raw mater ia ls was carr ied out . The 
batches were melted for 1 or 4 h at 1550°C. 

Small quant i t ies of magnes ium were dissolved and 
Silicon spheres did no t appear . Wi th increasing input of 
magnes ium, blue, yellow a n d b rown colora t ions were ob
served in the flint glass. Silicon spheres were first ob
served at inputs of 1 g magnes ium to 50 g glass. Longer 
mel t ing t imes were necessary to ob ta in clear glass with
ou t cords and bubbles. F igure 2 shows the obtained 
black cords and bubbles after a melt ing t ime of 1 h. At 
lower melt ing tempera tures (1100 and 1200 °C) also gray 
regions at the surface of the melt were observed and 
examined using S E M . 

5. Scanning electron microscopy 
T h e Silicon spheres ob ta ined and the gray glass regions 
formed were separated from the glass a n d examined 

using a S E M D S M 940 Α (Carl Zeiss, Oberkochen (Ger
many)) . This was done to clarify the formed phases and 
the reaction mechanism with the aid of quantitative 
X-ray microanalyses ( E D X analyses). 

Figures 3a to 1 show an X-ray elemental mapping of 
a gray/black-colored glass region which occurred at the 
b o t t o m of the crucible. The a luminum introduced (0.1 g) 
was not dissolved completely after anneal ing at 1300°C 
for 48 h. The gray glass regions possess a higher and 
very strong fluctuating a luminum content than the bulk 
glass and are composed of different phases. There was 
found an a l u m i n u m - s i h c o n alloy also containing still 
o ther elements such as manganese, iron, nickel, copper, 
phosphorus which occurred in different distributions 
and concentrat ions. The pure silicon is embedded in 
this alloy. 

Between this phase and the surrounding glass a 
porous region occurs which appears in the micrograph 
obtained with backscattered electrons (BSE) as a light 
and a dark phase. These phases are too small to analyze 
their composi t ion exactly. Since the mainly occurring 
elements are a luminum, silicon and oxygen, these re
gions may in principle be composed of a luminum, 
AI2O3, S i02 , Silicon or mullite. At the interface gray 
glass/bulk glass many bubbles are observed. In the top 
par t of crucible melt, the sihcon appears in spherical 
form. It is embedded in the aluminum-rich gray glass 
phase (figure 4) and not in an a luminum-s i l i con alloy 

Also line scans of this sample (figure 5) confirmed 
that element concentrat ions fluctuate strongly in the 
gray glass phase and different phases occur. Both, pure 
Silicon and an a luminum-s i l i con alloy were found. 

The samples melted at 1100°C showed that by 
addi t ion of a luminum the glass will separate. In the 
aluminum-rich glass phase, besides silicon, AI2O3, alloys, 
and mullite, also a calcium Silicate phase was observed 
(figure 6). This phase was only found in the green and 
amber glass melts. Wi th longer annealing times the 
quant i ty of the a luminum-s i l i con alloy decreases and 
a lumina and silicon are formed. 



Figures 3a to 1. Results of X-ray elemental mapp ing of a g ray /b lack-co lored glass region. a) BSE, b) OK^^, c) NaKc , , d ) AlK^,, 
e) C a K « , 0 P K « , g) K K , , h) SiK;^, i) M n K « , j) FeK«, k) N i K « , 1) C u K « . 

If magnesium is introduced in the melt, silicon 
spheres with similar composition appear. The glass 
around the spheres is separated into two phases, a cal
cium silicate-rich glass phase and a calcium silicate-poor 
glass phase (figure 7). Figure 8 shows a BSE micrograph 
of a sample prepared at 1200 °C. The gray glass regions 
also contain different phases and porous regions. The 
light phase is magnesium calcium-enriched. The concen
tration of Silicon and oxygen is small and irregularly dis
tributed in this phase. The magnesium is also concen
trated in the dark porous regions and occurs as oxide 
or Silicate. 

The study confirms that the aluminum will be dis
solved in the Container glass melt. But the formed silicon 
remains in the melt and dissolves only after very long 
annealing times at high temperatures. In contrast to 
literature [2, 3 and 15], it was found that aluminum 
causes the formadon of silicon spheres in the Container 
glass melt. But other metals such as magnesium can also 

induce the formation of metallic inclusions. W i t h the aid 
of electron microscopy, it was shown tha t different 
phases are formed during the melting process. 

6. Discussion 
A l u m i n u m is stable in the Container glass melt up to 
high temperatures and dissolves with a small reaction 
rate. T h e dissolution rate of the metal depends o n oxy
gen partial pressure in the melt, the quantity of alumi
num introduced and melting conditions (time, tempera
ture, glass volume). 

Mel ts at different temperatures showed the follow
ing phases: at low temperatures an aluminum-rich glass 
phase with aluminum-silicon alloys, aluminum oxide, 
mullite, Silicon and calcium Silicate were found. T h e 
formed aluminum alloys, not completely oxidized 
aluminum and small silicon particles color the glass 
gray, brownish and black. Wi th increasing aluminum 



I 1 100 μ π 

Figure 4. B S E mic rograph of a gray-colored glass region from 
the t o p of the mel t . 

2000 4000 6000 8000  
Distance in μ m ^ 

Figure 5. Quan t i t a t ive line scan of the gray-colored glass region 
in figure 4. 

conten t , the dissolut ion rate of a l u m i n u m decreases. 
Higher t empera tures and longer mel t ing times are 
necessary to ob ta in clear glass melts. T h e a luminum 
reacts wi th dissolved oxygen, hydroxide ions, poly
valent ions a n d Silicates in the melt . F igure 9 shows a 
react ion scheme of Oxidation and reduc t ion processes 
which are assumed to occur. T h e react ions may run 
parallel a n d hence, the react ion m e c h a n i s m will be 
compl ica ted . 

T h e r m o d y n a m i c calculat ions using d a t a from [19] 
conf i rm tha t all assumed react ions (figure 10) are pos
sible. Wi th increasing t empera tu re the AG^^ value of the 
format ion of mullite decreases, while all o ther Δ Gr 
values increase. F r o m the in t roduced a l u m i n u m only 2 

100 μ η 

Figure 6. S E M micrograph of different phases in a green glass 
m e h after mel t ing at 1100°C for 3 h; left: gray porous region 
composed of a da rk and a light phase, right: gray glass with 
lamellae of the calcium Silicate phase. 

20 μ η 

Figure 7. S E M m i c r o g r a p h of phase S e p a r a t i o n of g l a s s a f t e r 

m a g n e s i u m a d d i d o n ( m e l t e d at 1550°C f o r 4 h ) , 

to 3 % reacts to silicon. The main par t of metal will be 
oxidized th rough dissolved oxygen, hydroxide and poly
valent ions. 

In green and amber glass the reaction mechanism is 
similar to that in flint glass. But fewer silicon spheres 
and a higher dissolution rate have been observed. These 
results should mainly be caused by higher surface tem
peratures and lower viscosity in the amber glass melt [4]. 



I 1 200 μ η 

Figure 8. BSE micrograpii of a gray glass after addi t ion of 
magnes ium cutt ings (melted at 1200 °C). 

-1200 
Temperature in Κ 

Figure 10. S t a n d a r d free enthalpy, AGf, calculated as a func t ion 
of t empera tu re . 
• : 4/3A1 + O . 2/3AI2O,, 
• : 3Na2Si.05 + 4A1 ^ 3Na2S i03 + 3Si + 2AI2O3, 
• : Fe.03 + 2A1 2Fe + ΑΪ.θ3, 
X : 3AI2O3 + 2S i02 3AI.O3 · 2 S i O . , 

2AI + 3H2O ^Αΐ2θ3 + 3Η2. 

+ 1 1/2 0 2 

MULLITE-

S I 0 2 

-H-AI2O3-

DISSOLUTION IN THE 

GLASS MELT  

i 

+ N A 2 C A 3 S I 6 0 I 6 

2 AL + 1 /2 O 2 • AbSiOs + S I + N A 2 C A 2 S I 3 0 9 + CaSiOs 

+ 3 OH -1 - • A I 2 O 3 + 1 1/2 H 2 

7. Conclusions 
T h e dissolut ion of a luminum in Container glass mel ts is 

a complicated process which leads to the fo rmat ion of 

Silicon spheres. Caused by their very small d isso lu t ion 

rate, the silicon spheres are formed in the final glass 

p roduc t and hence, cause p roduc t ion losses. Th i s p r o b 

lem can only be solved by further improvements in the 

p repa ra t i on process of cullet. T h e metall ic c o n t a m i 

na t ions must completely be separated. 

- Ρβ2θ3 -AI2O3 + 2Fe 

Figure 9. React ion scheme of O x i d a t i o n and reduct ion processes 
by addi t ion of a luminum. 

Caused by the reducing melting conditions, the amber 

glass possesses a higher content of Fe^^ ions, which in

creases the bath temperature by strong absorption of the 

heat radiation. Also the formation of mullite confirms 

the higher temperature at the melt surface. The poly

valent ions in the melt may accelerate the Oxidation of 

metal. 

In contrast to aluminum small amounts of mag

nesium will be dissolved in the Container glass melt. The 

magnesium reacts strongly with calcium Compounds. Α 

magnesium-calcium alloy, metal oxide phases and 

Silicates are formed. With increasing magnesium input 

the melts become also gray, black, brown colored and 

contain silicon spheres possessing a similar structure. In 

a further publication, there will be reported on the struc

ture of Silicon spheres formed in laboratory melts and 

during the production process. 
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