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Abs tract 

A ltho ugh some ex pe rimenta l inves tigations have bee n indica ted that the AI - Cu - P 
a ll oy prepared by P 1M met hod has good refining effect [1 - 2] , it is ce rtain that the 
cos t of modifie r prepared by P/M method is hig her. In this work the effec t of two ad
d ition methods o f P o n refining the primary s ilicon has been invest igated. The first 
add iti on·met hod of P is that of I/M AI - Cu - P alloy, the second was the convention
a l d irec t add iti on o f Cu - P alloy. 
The res ult s s howed that the refinin g effec t of A I - Cu - P modifier prepared by I/M 
method was much s uperior to that of Cu - P modifier when they were added to the 
mo lten meta ls and prolonging holding time of molten meta ls was more effect ive on re
fining t he primary s ilicon o f hype r - eutec tic AI - Si a ll oy by the addition of AI- Cu 
p mod ifi er . 

Introduction 

Amo ng the va rious cas t a lum inum alloys, AI - Si a lloys are studied in deta il beca use 
o f t he ir exce ll ent properties, s uch as high s trength to weight ratio, good corros ion re
s is tance, low coe ffi c ient of therma l ex pansion and good bea ring properties ,etc. AI 
Si a ll oys are w idely used in tribo logica l app lications , for example , piston, cylinder 
b loc ks in inte rna l combus tion e ngines[3 ]. The major problem met in the founding is 
that o f the coarse primary s il icon, the prob lem ca n be solved by t he modificat ion of P 
addition to refine th e primary s ilicon . Up to now the modifying agents used in some 
factories are s till Cu - P aloy, amo rpho us - phosphus, e tc. It was reported that the 
modifie r of A I- Cu - P all oy cou ld be prepared by P 1M method and the refin ing effect 
on the primary s ili con of hyper - eu tect ic AI - Si a lloy was more obvious compared 
w ith Cu - P a lloy, but the process o f preparing is too complex and the cos t may be in
creased, so it is necessa ry to find a more economical road to prepare the modifier. In 
t his paper the I/M met hod for preparing AI- C u - P modifier was invest igated and the 
refining effec t of the modifie r was compared w ith t hat of the conventional Cu - P al
loy . 
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Ex erimental Method 

The A I- Cu - P alloy for re finin g the primary s ilicon was melt ed and cas t us m g com, 
mercial purity Al and Cu - P m as ter a lloy, the chem ica l compos it ions o f A I - C u - P 
and Cu - P a ll oys are s hown in Tab le 1. The AI- Si a lloys add ed by P were prepared 
us ing commercial purity A l ( no less than 99.7 % ), A I - 25%Si and A I - 50%Cu m as, 
te r a ll oys. The ex pe rimental a lloys inclu ded A I- 18%Si binary all oy and A390 alloy , 
t he chemical compos itions o f two all oys are s hown in T a ble 2. The a ll oys we re he ld at 
750 - 760 C for 5 minutes a ft e r t he AI - Cu - P a ll oy was added 10 t he mo l t e n m eta l:;; 
and the die pre hea ting tempe rature was held a t 150 - 200 C before cas t ing. 

Table 1. Chemica l co mpos it ions of P additio n age nts 

Chemica l compos iti on ( wt , % ) 
P additi on agent s 

Cu P A l 

AL - Cu - P 17. 1 0.35 Sa l. 

C u - P Sa l. 14. 6 

T able 2. Chemi ca l compos itions o f A 390 and A I - 18%Si a ll oys 

Chem ical compos ition (wt, %) 
Materia ls 

S i C u Mg Fe Mn Zn Ti C r Al 

A390 18. 0 4.0 - 5. 0 0. 1 - 0. 6 O. 15 0. 0 1 O. 02 0. 02 O. 00 Ha l. _._-I---~ 
A l - J8%Si 18.0 0.02 O. 20 0. 0 1 o. 02 O. 02 0.02 O. 00 Ha l. 

The samp les for o ptical obse rva tion were not e tched a nd th e sa mp le o f A I- C u - P al
loy was e tched in O. 5% HF for 60s before SEM obse rva tio n. s mal l partic les in the m a
tri x o f e tched AI - Cu - P mod i fi er were ext rac ted and o bse rved und er S EM. 

Res ul b a nd Disc uss ion 

Micros tructure of AI - Cu - P All oy 

The opt ica l m icros tructures and SEM mo rphology of A I - C LI - P a ll oy a rc s how n in 
F ig. l. It can be see n that bar - s haped part icles we re prese n t in the ma tri x in th e pro

cess o f cas ting. 
F ig . 2 s hows SEM mo rphology and the res ult s o f EDAX ana lys is o f the ba r - shaped 
parti cles extracted from th e e tched sa mpl e . T he bar - s ha ped particl es were A lP com
pounds from the EDAX ana lys is( F ig. 2b). 
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F ig . 1. Microstructure of AI - C u - P alloy by optical observation 

"'T.X ALI X S.E. 

ALK 94.56 95.2 3 6.35 
PI( 5.44 4.77 2.81 
CUK 1 . 10 1I . le 1.10 

p ". CuK. 

1 . 
s . .L2KEV lOeV/ch A 

>. 
(b) 76CHT 

F ig . 2. O bse r va ti on res ult s o f bar - shaped panicle from, 
(a) SEM morphology ( b) EDAX analysi s 

Examina t ion o f Refining E ffec t 

The m ic ros tructur es o f mod ifi ed and unmodifi ed AI- 18%Si binary all oy a re g iven in 
F ig. 3. In th e unm od ifi ed a ll oy the coa rse face ted primar y s ili con crysta ls we re prese nt 
and t he ir di s tributi on and s ize were hete rge nou s . In contract, in the modifi ed a lloy by 
A I-- C u - P a ll oy th e primary s ilicon crys tal s we re o bvious ly sma ll and the ir di s tr ibu
tion we re more homoge nous . The res ult s o f t he experiment indica ted tha t when the 

contenr o f P additi on by A I - C u -- P a ll oy were changed from l Oppm to 80ppm . the 
ave rage s ize o f pr im ary s ili con wou ld change fr om 40f1m to 25f1m. Fig. 4 shows the in
fluence o f P co nte nt on t he ave rage s ize o f primary s ilicon. It is clea r t hat the average 

s ize o f prima ry s ilicon de c reases with inc reas ing content o f P addition and the average 
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Fig 3. Mieros truct ures o f AI - 18%Si all oy by Paddition of A I- eu - P a ll oy fro IT\ 
(a ) unmodified (b) 40ppm P addition (c) 80ppm P addition 

s ize of ilrima ry s ili con nea rl y became co ns ta nt when the content o f P add itio n In, 
c reased to 70pprn . Thi s imp li ed that whe n th e con tent o f P addition increased to a ce r , 
ta in degree , the ave rage s ize o f primary s ilicon wou ld not dec rease becaese P did n o~ 
increase the number o f primary S i - crys ta ls . 
The res ults a lso s how that wh en the ho lding time was pro longed, the re finin g e ffect 
by P addition of AI - Cu - P all oy was more o bvious (Fig . 5). From Fig. 5 th e averag~ 
s ize o f primary s il ico n dec reased w ith pro longi ng ho lding t ime . 
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It see ms cl ea r that the modifi e r o f AI - Cu - P a lloy was more effective on refinin g th e 
primary s ili con. the reason is that A lP compou nds had bee n form ed in the process of 
prepa ring A I - Cu - P alloy. they were added to. th e hyper - eutect ic AI - Si a lloys to 

promote nucl ea tion of primary s ilicon crysta ls . 
T he microst ructures of A390 alloy are shown in Fig. 6. The res ul ts us ing AI- Cu - P 
modifie r in A390 all oy were s im il ar to that of AI - 1S%Si binary a ll oy and the refinin g 

effect o f C u - P all oy was not obvio us in this st udy CFig. 6) 

(a) 

F ig.6 Mi cros tru ctures of A390 a lloy from . (a) unmodified (b ) SOp pm P 
additi on o f C u - P a lloy CC) SOppm P addition of A I- Cu - P all oy 

Co ncl usions 

1. A I-- Cu - P a ll oy can be prepared direct ly by 11M method and AlP compounds are 

formed in the process o f pre paring . 
2. At t he sa me conditi on. the re finin g e ffect o f AI - Cu - P a ll oy is much s uperior to 

that o f co nventional Cu - P a lloy. 
3. The average s ize of primary s il icon in AI - l S%Si and A390 a ll oys is less than 

30/1m wh en the content of P addition by A I- Cu - P a ll oy is in the range 60ppm ro 

SOppm. 
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