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ABSTRACT :LM25 have high strength in cast alloys, which can be increased by precipitation hardening heat treatment. LM25 

alloy used in this study is hypoeutectic Aluminium. Most encouraging ways to increase the Aluminum compounds mechanical 

properties can be expansion of components either with low solvency or absolutely insolubility. Among the scope of potential 

components, Chromium expansion impacts the properties of Aluminum and Aluminum compounds.The increase in hardness of 

Cr added LM25 alloys is attributed to grain refining and   change in the morphology of dendritic Si in to nodular form. the 

increase in hardness can be revealed that the precipitated particles (Mg2Si in LM25 and Mg2Si) grows  to critical size by 

maintaining the coherency with the matrix leads to increase of the hardness to peak value. 
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Introduction  
Al,  shimmering white and malleable metal with FCC structure. It has incredible electrical and warm conductivity 

(next just to copper and silver). It has low thickness (2.7 g/cc) which gives it a high explicit modulus and strength. 

The adaptability of Al makes it the most generally utilized metal after steel. Unadulterated Al is delicate, flexible and 

consumption safe and has a high electrical conductivity. What's more, Al composites have superb mechanical and 

innovative properties like high solidarity to weight proportion, castability, weldability and machinability. The 

expansion of chose components to unadulterated Aluminum enormously improves its properties and helpfulness.  

 

1.1 LM25 ALUMINIUM ALLOY 

This alloy conforms to British Standard 1490 LM25. Castings are standardized as cast , solution treated (TE), 

precipitation treated (TF) and stabilized  (TB7). 

CHEMICAL COMPOSITION OF LM 25 AS PER 1490 

Element               % in Wt 

Magnesium                   0.45  

Silicon                   7.24  

Fe       0.12.  

Mn      0.00 

Ni      0.01  

Zn      0.03  

Pb      0.11 

Titanium*      0.11  

Aluminium     Balance 

 

For LM25, Strength is accomplished by heat treatment. Al–Si–Mg projecting combinations are progressively utilized 

in the auto and aviation enterprises for basic construction applications because of their fantastic projecting capacity, 

weldability and erosion obstruction, and especially great tractable and wear properties. 

1.2  CHROMIUM 

Chromium is successful in regard of improving the hardness during ageing. Anyway Cr expansion is best in 

smothering the conditioning impact during delayed ageing treatment. Cr is additionally powerful in grain refinement 

of Al composites.Chromium has a nuclear number of 24 with nuclear weight 51.9961. The gem design of Chromium 
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is body-focused cubic (BCC) and has a thickness of 7.19 g/cm3 and dissolving point is 1907°C. The warm 

conductivity at 0 - 100°C is 93.9 W/m/K. The mass and ductile modulus are 160GPa. 

1.3 EFFECT OF CHROMIUM ADDITION TO LM25 

Chromium expansion in pure Aluminum and its compounds upgrades their mechanical and warm 

properties, weld ability. The interface of Al3Cr with the lattice is intelligible. Presence of fine precipitates  of Al3Cr 

blocks the dislocation of disengagements and builds the recovery temperature by stabilizing. The kinetics of 

recrystallization is also impeded by chromium expansion. The adding of chromium as far as possible the extreme 

grain development that happens in the heat affeted zone of welded Aluminum parts.  

 

2.EXPERIMENTAL WORK: 

Four alloys were formulated as  

LM25 

LM25-0.25%Cr (Alloy-1)           

LM25-0.50%Cr (Alloy-2)          

LM25-0.75 %Cr (Alloy-3)           

Alloys Composition  is, 

Alloy type Composition of elements in  wt % 

 Si Fe Mg Zn Mn Ni Sn Pb Ti Cr Al 

LM25 7.240

7 

0.26 0.56 0.023 0.21 0.004 0.001 0.015 0.202 0.00 Rem. 

Alloy1 6.98 0.35 0.39 0.094 0.15 0.012 0.021 0.022 0.18 0.25 Rem. 

Alloy2 7.2 0.33 0.46 0.040 0.19 0.012 0.025 0.025 0.019 0.5 

 

Rem. 

Alloy3 7.12 0.40 0.43 0.076 0.28 0.034 0.012 0.048 0.192 0.75 Rem. 

 

2.1 MELTING 

LM25 alloy in required quantity is melted in a graphite crucible and then placed in electrical muffle furnace where 

furnace temperature was set to a level[16]. After reaching the set temperature, the alloying additions were made in a 

sequential order as Al-2Cr, Al-5Ti, Si and Mg and maintained at that temperature for some time to homogenize the 

liquid metal. Then the crucible was removed from the furnace and degassed by adding an appropriate amount of 

fluxing and degassing agents (Al, Mg chlorides and fluorides). Degassing was aimed to reduce maximum amount of 

H2 gas that dissolved during melting.  The metal made ready for casting. 
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Fig 1. Electric muffle furnace 

 

Fig 2. opened furnace 

2.2.CASTING 

For casting of test samples, steel die was used. The die was designed for three tensile test samples. The Die was 

designed such that the metal enters the cavities from bottom of the runner channel to avoid any entrapment of slag 

inclusions into the test bars.The crucible with liquid metal was removed from the furnace, maintained at 760ºC 

temperature. The liquid metal was degassed by using Al & Mg chlorides as tablets. The degassing was performed 

until there is no indication of bubbles in the liquid metal. This was aimed to remove all the hydrogen gas that was 

dissolved in the metal during melting. By this time the temperature decreased to 7200C.Then the metal was poured 

in the die. After cooling, the test bars were removed from the die. Various steps involved in casting process were 

shown in the fig 3.1. The die used for casting test bars was shown in fig 3.2  

 

 

 

  

                                                       Fig 3.3 Steps in the production of cast samples  

  

Fig 3. pouring molten metal into Casting Die 

 

Pour casting 

 

Melt metal 
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2.3PREPARATION OF TEST SAMPLES  

The specimens are namely the LM25 and the other 3 alloys, which are alloyed at different compositions are 

machined accordingly for the following tests 

 1. Tensile test  

 2. Hardness test  

 3. Study of microstructure 

2.4 TENSILE TESTING 

The tensile testing of the LM25 and the alloys were carried out on computerized universal testing machine of 10 

Tons capacity, UNITEK 95100 model of FIE make. This computerized universal testing machine has different types 

of test modes such as Tensile, Compression and  Bend.Tensile testing, otherwise called strain testing, could be 

important materials science test within which sample is exposed to a controlled pressure till failure. The outcomes 

from the test are used for material selection for an application,quality control, and how a material will respond under 

different types of forces.  

 

2.5 Specimen  

Considered tensile specimen has two shoulders & gage in the center. The shoulders can be promptly grasped due to 

hugeness, while the check-segment has a more modest crosssegment where twisting and failure will happen here. 

Model for Tensile test 20 A standard model is set up in a round or a square territory along the check length, 

dependent upon the standard used. The two completions of the models should have sufficient length and a surface 

condition so much that they are unflinchingly gotten a handle on during testing. 

              
                                           Fig 4. tensile specimen 

2.6 Equipment  

universal testing machine has 2 crossheads 1 for length of the specimen and the other to apply strain to the specimen. 

There are 4 boundaries like, power limit, speed, exactness and precision. 

 

Fig 5. Computerized Universal Testing Machine 
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2.7 Process  

The test connection includes setting the test model for the testing machine and bit by bit widening it until it breaks.  
During this cycle, the augmentation of the measure segment is recorded against the applied force. The expansion 

assessment is used to find out the planning strain. 

 

2.8 SAMPLES FOR HARDNESS TESTING 

The property of hardness is difficult to portray other than practically identical to the particular test used to choose its 

characteristics. It should be seen that a hardness number or worth can not be utilized direct in arrangement, as can a 

flexibility regard, since hardness numbers have no inalienable significance.Hardness testing was completed on 

universal hardness testing machine of UH-3 model of REICHTER make.Tests were carried out in Vickers mode at 1 

kg load, as per ASTM E92. The hardness of the cast and aged samples were performed. In this investigation 

"Vickershardnesstest“  is utilized to decide aluminum specimen and aluminum compounds hardness. 

 

2.9 VICKERS HARDNESS TEST: 
This instrument use diamond-pyramid which is a square based indenter with 1360 as an included angle. The Vickers 

hardness analyzer deals with a comparative fundamental rule as the brinell analyzer, the numbers being conveyed in 

regards to load and region The length of the corner to corner of the square is assessed through an amplifying focal 

point fitted with an ocvular micrometer that contain compact sharp edge edges. The distance between edge edges is 

exhibited on a counter changed in thousandths of a millimeter.          

  
         Fig 6. Samples for hardness testing, Universal Hardness testing machine 

 

2.10. MICROSTRUCTURAL ANALYSIS  

 Metallography of the samples was carried out by mechanical polishing and subsequent etching in Keller’s Agent (10 

ml Methanol, 10 ml Hydrochloric acid, 10 ml Nitric acid, and 1 ml HF solution).  Micro structures of the alloys and 

LM 25 are observed in cast, solutionized and aged conditions by using Olympus make inverted microscope. 

 

Fig 6. Optical Microscope 
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3.RESULTS AND DISCUSSIONS 
Hardness is definitely not an essential property of a material yet is related to the versatile and plastic properties. The 

hardness regard obtained in a particular test serves similarly as an assessment between materials or treatments.The 

test strategy and test course of action are normally direct, and the results may be used in surveying other mechanical 

properties. Hardness testing is by and large used for examination and control. 

 

3.1The values of hardness in As Cast Condition:  
From the hardness estimations of the Alloys in cast conditions as demonstrated in the beneath diagram, it was seen 

that the hardness increments with expanding the chromium in the alloy. This increase of hardness is attributed to the 

solid solution strengthening and also might be due to change in the morphology of dendritic Cr in to nodular form 

that was observed in the microstructures of cast alloys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                        Values of hardness of alloys in cast condition 

 

 

Fig 3.1 Hardness variation with increasing of chromium content in LM25 
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3.2 TENSILE STRENGTH 

ALLOY TENSILE STRENGTH MPA % OF ELONGATION 

LM25 190 1.0 

ALLOY 1 

(LM25-0.25%Cr) 

192 

 

1.2 

ALLOY 2 

(LM25-0.50%Cr) 

206 0.8 

ALLOY 3 

(LM25-0.75%Cr) 

215 0.4 

 

Fig 3.2 Tensile strength variation with increasing of chromium content in LM25 

 

 

Fig 3.3 Tensile strength variation with increasing of chromium percentages 

3.3 MICROSTRUCTURE  

From the microstructures of cast condition LM25 and LM25-Cr combinations there is a huge grain refinement 

because of the expansion of scandium when contrasted with as cast LM25. The arrangement of more modest grain 
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structure with the expansion of chromium was because of the development of intermetallic Al3Cr stage, which went 

about as heterogeneous nucleation locales during hardening. The improvement in properties of the LM25 alloy due 

to the scandium addition was also reflected in the hardness values. The hardness due to the Cr addition in the LM25 

alloy increased with the expected decrease in grain size. Similar trend was observed in the age hardening condition 

of LM25 and LM25-Cr alloys.It was reported that Mg &Cr mutually reduce each other solid solubility in Al. Also no 

ternary Al, Cr, Mg were reported. The solid solubility of scandium is not altered by Cr addition, while solubility of 

silicon decreases with chromium content. Further additions of chromium, beyond 1.0% decrease the hardness. As 

discussed earlier, presence of chromium not only decreases the solubility of Mg & Si in Aluminium but 

simultaneously its own presence in Aluminium, which may be the reason for drop of hardness.The optical 

microstructure of LM25 shows dendrites with dark second stage particles inside between dendritic spaces.It 

comprises of essential α stage (white locales) and Al-Si eutectic structure (more obscure districts).  
3.4 CAST CONDITION 

  

Fig 3.4  LM25                        Fig 3.5 LM25-0.25%Cr 

  

Fig 3.6 LM25-0.5%Cr                                 Fig 3.7 LM25-0.75%Cr 

From the phase diagram of the alloy it is discovered that the present compounds would contain α + β 

eutectic inside the essential dendrites of α. Here 'α' is the Aluminum rich strong arrangement and β is made out of 

intermetallics, principally Al8Mg5 alongside aluminides of different metals like iron, scandium, zirconium, 

manganese, which are available in little amounts in the Aluminum utilized for the current experimentation. Be that as 

it may, chromium shapes a strange supersaturated strong arrangement, which decays to frame Al3Cr.In spite of the 

fact that overall perceptions under optical microscopy have not given a lot of data, the general appearance of the 

microstructure looks like what are regularly seen in cast Aluminum compound ingot. The dendrites of the cast base 

alloy are believed to have refined altogether with the expansion of chromium. Supposedly alloy with 0.25 wt% Cr 

doesn't give a lot of grain refinement, yet refines the essential dendrites of α with subsequent decrease of dendrite 

arm spacing 

Likewise chromium containing alloy are believed to have contained less measures of intermetallic 

compounds. The decrement in the sum and size of the second stage constituents with chromium expansion is 

reminiscent of concealment of the development of these stages. Since dendrites are refined with chromium expansion 

the size of individual second stage area decreases as these stages are framed inside the between dendritic spaces.At 

peak aged condition, the sporadic eutectic stage was changed over into fine spheroized Si particles consistently 

circulated in the Al matrix. The matrix and the optional stage particles have awesome similarity. It is exceptionally 
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pushed. There will be no disengagement versatility. The optional eliminate particles come as extremely fine 

particulates, displays high strength. 

CONCLUSIONS:  

Potentially the most promising approaches to manage improve the mechanical properties of Aluminum combinations 

relies upon the expansion of alloying segments either with low dissolvability or totally insoluble in 

Aluminum.Among the scope of potential components, Chromium addition impacts the properties of Aluminum and 

Aluminum compounds.Aluminum composites doped with Chromium have shown improved mechanical strength, hot 

cracking resistance, weld strength and age hardening response[17]. Heat treatments  to advance extensively 

precipitation solidifying in Al(Cr) combinations with Cr content up to 1 wt.% .The increase in Cr added LM25 alloy 

hardness is due to grain processing and to a nodular shape shift in the morphology of dendritic Si. The increase in 

hardness will show that the precipitated particles (Mg2Si in LM25 and Mg2Si) increase to critical size by preserving 

continuity with the matrix, leading to an increase in hardness to peak value.It was discovered that increasing the 

Chromium percentage improved the hardness and tensile strength of all alloys. 
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