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The s t ruc ture  of unmodified a luminum-s i l i con  a [ l w s  consists  of c rys ta l s  of p r imary  silicon and large 
needles of c, Si euteetic (Fig. la). To refine the pr imary  silicon, phosphorus in pure form (red phosphorus) 
or in the form of various phosphorus-containing compounds is added to the melt before pouring. The modi- 
~ ing  influence of phosphorus is explained mainly by the formation of high-melting part icles of AlP, i somor-  
phous with silicon, which serve  as additional centers  for solidification of silicon [1, 2]. The presence  of nuclei 
in the sil icon c rys ta l s  has not been demonstrated experimentally.  

However,  phosphorus additions have no effc~t on refining of the eutectie component, which, as is known, 
is aeh ievedby  mieroadditions of alkali metals ,  par t icular ly sodium. It is assumed that the eombined addition 
of phosphorus and sodium to A I - S i  alloys is inexpedient due to their  mutually exclusive modifying effects [3, 4]. 

We investigated the s t ructure  and mechanical  proper t ies  of binary A t - S i  alloys with 12.0, 16.0, and 20~,~{. 
Si modified with phosphorus and sodium separately and together at different concentrat ions,  varying the modi- 
fication and cast ing t empera tu res ,  holding time, and so forth. The a l l w s  were  prepared from A99 a 'uminum 
and KrO silicon. Heats weighing 150 g were  p repared  in graphi te- f i re-c lay crucibles  in an electric resis tance 
furnace. Phosphorus (0.005-0.6% of the charge) was added to the melt at 800-850°C in the form of pure phos-  
phorus,  a c o p p e r - p h o s p h o r u s  mas te r  a l t w  (~10~~ p),  and sodium phosphates (NaFOa, Na4P2OT, NaaPO4). 

The heats were  east  in sand and metal molds either directly af ter  modification or af ter  standing 15-30 
min . .Meta l l ic  sodium a n d a l s o  in the form of salts (0.01-0.8% of the charge) was added to the melt at 770- 
850 °. Combined alloying with phosphorus and sodium was ca r r i ed  out by two methods - both modifiers in dif- 
ferent proport ions were  added simultaneously at 800 and 850 ° , the melt was s t i r red  and east  at 770 and 880 ° , 
respectively;  phosphorus was added at the same tempe~atures,  the melt was allowed to stand 15-20 min, the 
tempera ture  was lowered to 770-780 °, sodium was added, and the melt was east  at this temperature.  

Figure l b - d  shows the mic ros t ruc tu re  of At + 20% Si modified with the different elements. 

With the addition of phosphorus alone (in pure form or mas te r  alloy) the p r imary  silicon was refined 
and evenly distributed in the ingots in all eases  (Fig. lb). The s t ruc ture  of the euteetic remained coarse  in 
this ease. Sodium phosphate Nal:O a (0.2-0.5%) had a s imi lar  effect. The addition of sodium alone (0.03-0.1%) 
ensures modification of the cuteetic, but p r imary  silicon is not refined, the part icles becoming only more  com-  
pact (Fig. le). Larger  silicon concentrat ions lead to "overmodif icat ion,  of the eutectie amt rounding of the 
grains of p r imary  silicon; in this ease the toughness increases  considerably and the flowability of the alloy is 
impaired. 
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Fig. 1. Micros t ruc ture  o fAl  + 20% Si not modified (a), 
modified with phosphorus Co), with phosphorus and sodium 
together (c), and with phosphorus and sodium in succes -  
sion (d) (×100). I) Cast in sand molds; II) cast  in chill 
molds. 

With combined addition of phosphorus and sodium {first variation) the part icles  of eatectic silicon a re  
slightly refined and rounded and the c rys ta l s  of p r imary  silicon a re  also broken up and a r e  unevenly distributed 
in the casting. 

A ddition of the modifiers in success ion (second variation) leads to a stable s t ruc ture  with evenly dis- 
tributed part icles  of p r imary  silicon and modified f ine-grained eutectic. An especially favorable s t ructure  is 
formed in chill molds (Fig. ld ,  lI). With combined addition of the optimal quantity of phosphorus (0.05-0.19{,) 
and sodium (0.02-0.03%) the strength and ductility of hypereutectic Silumins increase  substantially [5]. Similar 
results were  obtained by modification of high-si l icon A l - S i  alloys with sodium phosphate (NaPO3) and subse-  
quent t reatment  with universal  triple flux (45% NaCl + 40c}~: NaF + 15% NaALF) [6]. 

The positive effect of combined modification with phosphorus and sodium was also conf i rmed in production 
tests of the complex-al loyed piston alloy VKZhI_S-2. 

Differing explanations of the separate  effect of phosphorus and sodium on the s t ructure  of Situmins were  
offered in [1-5, 7]. However,  the combined effect of these elements was not considered. The mechanism of 
combined modification is assumed to be as follows. 

With simultaneous addition of both elements they may react  with each other and form Na3P , which has 
little or no effect on p r imary  or  eutectic silicon [3, 4]. After  addition of phosphorus alone, high-melt ing phos-  
phide A lP is formed before  the beginning of solidification, the par t ic les  of which serve  as nuclei for p r imary  
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Fig. 2. M i c r o s t r u c t u r e o f  
At + 20To Si with 0.6% P 
(xl000). 

silicon. This  is indicated by the s m a l l e r  supercooling of the heat with p r i m a r y  solidification of silicon in the 
p r e s e n c e  of phosphorus  [5, 71 and also by inclusions of r egu la r  shape within sil icon c rys t a l s  observed in s epa -  
ra te  cases  (Fig. 2). However ,  AlP is fo rmed  slowly and the heat must  be left standing for complet ion of the 
react ion.  It is not excluded that not all  the phosphorus added par t ic ipa tes  in the react ion  but is part ial ly burned,  
and some  of it may exist  in f r ee  form.  With subsequent  addition of sodium, a p a r t i a l  interact ion with the r e -  
maining phosphorus  is possible .  There fo re ,  the quantity of sodium shouht be sufficient to ensure  poss ib le  t e a t -  
lion with phosphorus and to modify the eutectic [5, 7]. The t r ea tmen t  of hypereutec t ie  melts  with sodium phos-  
phates  is cha r ac t e r i s t i c  in this respect .  The  l a rge r  the sodium eonccntra t ion in the phosphate,  the be t te r  the 
modificat ion of the euteetie and the weake r  the effect of phosphorus on the refining of p r i m a r y  c rys t a l s  of 
si l ieon [6]. 

Metal lographic and thermal  analys is  conf i rmed  this mechanism of the effect of phosphorus and sodium 
on the s t ruc tu re  of hypereuteet ic  Silumins with succes s ive  addition of the modif ie rs  in the proport ion P :Na = 
3-5:1. 

C O N C  L U S I O N S  

1. The  nucleation theory of the refining of p r i m a r y  si l icon c ry s t a l s  in hypereutect ie  Silumins m i c r o -  
a l loyed with phosphorus was ver i f i ed  by exper iments .  Pa r t i c l e s  we re  obse rved  in si l icon c rys t a l s  (possible 
AlP) which s e rve d  as  additional cen te r s  of nucleation of p r i m a r y  si l icon c rys t a l s .  

2. Combined modification of h igh-s i l icon Silumins with phosphorus and sodium leads to refining of 
p r i m a r y  and eutectic silicon. 

3. Modification with phosphorus is mos t  expedient with phosphorus--containing sa l t s ,  especial ly  sodium 
phosphates .  
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