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Abstract

The papemresentsmarufacturingtechnology of presure castings made of /& alloy without porosity or with low microporosity of
castings. It has been shown that the greatest impact on the porosity of the castings and the concentration of hy dratendheasdesih
the melting furnace. Liquidation or occurrence of a small microporosity of castings provides refining with oG, refitrogen and
modification of liquid alloy after various operations of preparing process. The liquid alloy stored in holding furnace shéinkedbenee
every 2 h with nitrogen. Authors developed a computer program-& Alloys inspection witlusing of TDA method. The developed
technology was verified under production conditions.

Keywords:: Innovative materials and casting technolog®ssure die casting, Porosity, Refinement, M odification

1. Introduction occursby the reactior8H2+2AI\"( A bO5+6H. Fo'rnjed in this way
hydrogen goes through mainly into the aluminium alloy and in a
] ) . small amount is released into the atmosphere in the molecular
Generally known is that the gssure castings made of-8i form. The smallest concentration of hydrogen about 0.01
alloy show the presence of gas porosity and shrink pordsiith cm3/100g, chamderizes aluminium alloys thaare melted in
types ofporosity can be minimizedr completely eliminated by crucibletype or chanektype inductive furnaces.
proper preparatiomf physicochemical state ofiquid alloy and  z|_gj alioys melted inelectric resistance furnaceand gas

the right constructionof castirg and its mould. At this work furnaces contairabout €nto twenty times moreof hydrogen1-
possibilities of minimizing or total eliminating the gas porosity 9]. For example the table 1 presents the influence of the
were presented. ) _ o temperdure on hydrogen diffusion coefficient1-9].

The porosity is causedy the hydrogenoxides borides nitrides It results that a rise in temperature of liquid aluminium much is
andspinelsandwith harmful elementsLi, Be, Caas well aswith increasing the rate of the ,Ddiffusion. After crossing of
excess ofNa, Sr andMg, which are present iAl-Si alloy. The tempegture 7451C this increasing is almost implosional.
biggestinfluence on theporosity, however,has the hydrogerin In Figure 1 were shown an influence of the concentration of
Aluminium alloys primarily hydrogenis dissolved(about 80- silicon and temperature of liquid /8i alloy on theoefficient Dy
90%), followed byoxygenand nitrogen. [1-4].

The final amount of gas iMAI-Si alloys depends on theimitial
content atmospheric humiditythe type ofmelting furnacendits
coverings, and the concentration ohonmetallic inclusions
Hydriding of AI-Si alloys by their contact withwater vapour
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Table 1.
Influence of the aluminium temperature on hydrogen diffusion
coeficient Dy

Temperature, Hydrogen diffusion coefficient,
t, C Dy*1073, cnffs
670 0.7586
687 0.8670
745 1.3650
840 2.4380
900 3.6310
1015 4.7860
1045 5.6230
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Fig. 1. Influence of Si concentration and the temperature of liquid
Al-Si alloy on hydogen diffusion coefficient B

It showsthat theincrease of the temperatunereases thBy ratio
of liquid aluminium alloy It decreases with increasing
concentation of silicon to about 8.06 and thenincreaseswith
further increase ofsilicon. Causes fothis occurrence amained
unsolved so far. Change of the solubility of hydrogen Sl

It showsthat increasing thsilicon contentin aluminiumreduces
the solubilty of hydrogen. The increaseof liquid alloy
tempegture increaseghe solubility of the hydrogen in liquid
metal Oveall, the rediction of the diffusion coefficient of
hydrogenDy,, increasests solubiity in Al-Si alloy.

Aluminium oxide (Al,O3) occurring in aluminium alloys
increases the hydrogen solubility. This influence is increasing
along with increasing the amount and the dispn of AjOs;
precipitates.

It is believed thait is caused by th&mismatch" of crystal lattice
of Al,O; and Al. Due to the fact thatoxygen atomsare strong

electronacceptorsthehydrogerac c umul at mses mat t he

areas It is believed thatthese areas aralso the hucleus"the
formationof gas bibbles[1-5].

The presentedata suggest tham order to minimizehe amount
andpore sizeor total eliminationof die castings neededefining
of liquid alloy with gasrefiners(argon,helium) or solid one The
most preferredoption is a simultaneousefinement ofgas and
solid refiners

2. Results

The most ofterin pressurdoundriestechnological processf
producingcastingsconsists of the followingperations:loading
the charge materialo th e me | t i n gnelting of allays e
Y removal ofslagfrom the surface afhe liquidme t apourilg
of Al-Si alloy intothetransfer ladl¥ transportof theladleto the
holding furnace at the casting pressure machhepouring of
liquid aluminium alloy into the holdingfurnaceY pressuredie
casting Most of Al-Si alloys aremeltedin the gas or oil furnaces
Due to the smelting of ASi alloys in gas or oil furnaces it
follows increased gassing of alloys, that require absolutely of their
refining if you want to get pressure castings at least of average
quality or slightly below of that quality.
The following is a preparation technology of liquid-3il alloy

alloys in the function concentrations of the Si and the temperatureand its control method ensures obtaining ftjgality of pressure

were ascribed in Figure 21;2].
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Fig. 2. Influence of Si concentration and temperature iSiAl
alloys to change the solubility of hydrogen
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castings without porosity or ith negligible microporosity. It
concerns the Enterprise Inraion - Implementation WIFAM A-
PREXER LLC. in Lodz. The company produces castings with
using 226 and 231 ASi alloys of which average chemical
composition shown in Table 2t shows that allog 226 and 231
have different levels of silicon and copper. Aluminium alloy 231
contains about 11.0% Si and 0.9% Cu, ie increased amount of Si,
and Cu decreased in comjzan with the 226 AlSi alloy.

Figure 3 shows th effect of the charge typeto the méting gas
furnace, on the porosity of the control sample without refining
and after refining with use of solid refiner ECOSAI113.
Refiner was fed on a liquid surface ofalloy in the melting
furnace From Figure 3resultsthatthe type ofurnacechargeand
refining significantly affect theporosity of thecagings. Without
refining, the lowestporosity P = 2.82%was dtainedfor abatch
consistingof 100%of pigs silumin 226 or231, and the highed®

= 6.28% for the batchmadefrom 100%scraprecycle Refining
with ECOSAL-AI113 in the melting furnaceaccording to the
decreasedporosity P = 2.0% and P= 4.23%. A similar effect
occurs in thechange ofhydrogen concentratioms shownin
Figure 4. The lowestconcentrationof hydrogenH, = 0.42ppm
found in aloy unrefined and smelted from charge containing
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100% of metallugic pigs. The largestamount ofH, = 2.25ppm
obtained in alloy smelted in100% recycle from scrap After
refining it amounts adequatelil, = 0.20 ppm and 1.15ppmit
follows from the obvous fact that the porosity of castings
increases with increasing concentratiofi hydrogen inAl-Si
alloy. For examplethe minimum and mamum porosity of the

sample afterefining with ECOSAL-AI113 is shown in Figuré

(a3 b). The control of AISi alloy with TDA method showed
significant diffeences as theourseof the crystallizationcurve
for the minimum and maximurporasity, how it was showrn

Figure 6(a, b).

Table 2.
The average chemical composition of 226 and 23$i/dlloys
Tvoe Chemical composibn, %weight
yp S| Fe Cu Mn Mg Zn T Sn Pb Ni
226 9.65 0.72 2.45 0.22 0.20 0.82 0.04 0.03 0.07 0.07
231 11.35 0.65 0.90 0.18 0.17 0.45 0.05 0.01 0.05 0.03
7 : a)
|:| Al-Si dloy
6 unrefined -
. Al-Si aloy
5 after refining
S |
o
3 N
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100% 30% 50% 70% 100%
pig Scrap  scrap  scrap  scrap
Fig. 3. Effect of the charge type and refining with ECOSAL b)

Al113 in the melting furnace on tiporosity of the test sample
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Fig. 4. Effect of the charge type and refining with ECOSAL
Al113 in the melting furnace on hydrogen concentration in the
test samples
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Fig. 5 (,). Minimum (a) f;-hd maximum (b) porosity
of the test sample cast frothe melting furnace after refining with
ECOSAL-AI113
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586,6 [°C] 0,27 [K/s] 580,6 [°C] 0,28 [KIs]
576,9 [°C] -0,98 [K/s] 579,6 [°C] -0,69 [K/s]
567,0 [°C] 0,06 [K/s] 564,9 [°C] -0,01 [K/s]
568,2 [°C] 0,21 [K/s] 565,1[°C] 0,18 [K/s]
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506,3 [°C] -0,75 [K/s] 513,4[°C] -0,88 [K/s]
4979 [°C] -0,29 [KIs] 4939 [°C] -0,28 [K/s]

Fig. 6 (a,b). TDA curves for ASi alloy with minimum (a) and a maxmum (b) porosity
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It resultsfrom herethat the derivative curve of A3i alloy with TheFigures7 and 8shows thatrefiningin ladlewith solid refiner
the minimum porosit has smooth course (a), and with a and nitrogencauses furthereduction ofthe porosityof castings

maxmum porosity (bthe curvehas a shape like a saw blade and the concentratioof hydrogenA further influence of the kind
Many thermal effects exist in eutectic crystallization area. of the metal chargéo the melting furnaceon the value of these
Therefore,based orthe crystalliztion curvecan bequalitatively quantities is characteristic feature of this process.

assess thporosty of the casing. After these treatments tieinimum and maximunporosity of the

After pouring of liquidalloy to the transport ladl@t the same sanpleswasshown in Figur® (a b). Corresponding TDA curves
time was made therocedureof refining with ECOSAL-AI113 are shown in Figure 10 (a, b).

and nitrogen device with a rotatinghead The porosityof the
sample and the hydrogen concentratiomefore andafter the

a
procecureare showrin Figure7 and 8. )
7 -
|:| Al-Si dloy
6 unrefined
. Al-Si aloy
5 after refining
4 -

100% 30% 50% 70% 100%
pig scrap  scrap  scrap  scrap b)
Fig. 7. Effect of the charge type to the melting furnace and
refining with ECOSAL:AI113 and nitrogen with used a rotating
head device in the transfer ladle on the porosity of the test sample
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. after refining
s 15
Q.
o
T g -
0.5
ﬂ ﬂ Fig. 9 (a,b). Minimum (a) and maximum (b) porosity of samples
100% 30% 50% 70% 100% after refining in the ladle

pig Scrap  Sscrap  scrap  scrap
Fig. 8. Effect of chargeype to the melting furnace and refining
with ECOSAL-AI113 and nitrogen with used a rotating head
device in the ladle on hydrogen concentration irSAllloy
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Fig. 10 (ab). TDA curves for AlSi alloy with a minimum (a) and a maximum (b) porosity after refining in the ladle
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Derivative curves confirm thepresence osignificant porosity in
castings After refining in transfer ladle, the aluminium alloy is

Results from thenma further reducingdf porosity and hydrogen

concentratiorin casts,in addition to a large extent theye made

pouring into he holding furnace at the station of pressure casting conditional on the typef metal chargeo themelting furnace.

machine. During pouring a modification of Al-Si alloy was

Examples of minimum and maximum porosity are shown in

goplied and after of pouring out a refining was performed with  Figure 13 (a, b).

nitrogen The changes of porosity of castings and of the hydrogen

concentrationn them are shown in Figure 11 and 12.

7

6

D Al-Si dloy
unrefined

. Al-Si aloy
after refining

P, %

Fig. 11. Effect of the charge type to the melting furnace and the
modification and refining in the holding furnace of il alloy on

2.5

Fig. 12. Effect of the charge type to the melting hiamand the
modification and refining in the holding furnace-&il alloys on

100% 30% 50% 70% 100%
pig scrap  scrap  scrap  scrap

the porosity of castings

Al-Si aloy
unrefined

Al-Si aloy
. after refining

m (m | W

100% 30% S0% 70% 100%
pig scrap  SsCrap  scrap  scrap

the hydrogen concentration in castings

a)

b)

Fig. 13 (a, b). Minimum (a) and maximum (b) porosity of castings
after modification and refining in the holding fuoeaof AFSi
alloy

TDA curves for minimum and maximum porosity of the castings
wereshown in Figure 14 (a,b).
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Fig. 14 (a, b). TDA curves for A$i alloy with a minimum (a) and a maximum (b) porosity after modifying and refinindnaicing
furnace
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