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Effect of Cryolite on Microstructure of Insitu
AlB2 Aluminium Metal Matrix Composites
Samuel Dayanand, Satish Babu B 

ABSTRACT--- Todays composite material have gained more
popularity due to their improved properties over the conventional
materials. In the present paper, insitu composites were fabricated
via chemical reaction between molten aluminium alloy and
halide salt KBF4 with cryolite at 8000C by stir casting method.
The microstructures of the composite containing 3 and 5 wt. % of
AlB2 reinforcement phase have been compared with the
unreinforced aluminium alloy. The microstructure analysis
shows clean AlB2 particles uniformly distributed throughout the
matrix. With the increase in the AlB2 reinforcement, insitu
composite show less agglomeration and recovery of boron is
more when compared to the unmixed halide salt in the
fabrication of inistu composites.
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I.

INTRODUCTION

In today’s trend aluminum matrix composites were
gaining more importance because of its high strength to
weight ratio and excellent performance inorder to fulfill the
needs and demands in the aviation and automobile
industries. Various manufacturing techniques were adopted
in AMC’s with the various reinforcements [1-4] such as
Al2O3, B4C, TiC, graphite, TiB2, fly ash, AlB2, and ZrB2for
manufacturing of variety of components like brake drums,
cylinder liners, connecting rods, bearings, gears, drum and
rotors for the above industries[5-10].
For the production of insitu master alloys different halide
salts have been extensively used. MMC have been drawn
considerable attention through the world because of its
excellent mechanical and tribiological properties. AMC with
ultra-fined ceramic material or particles have been
extensively used in aerospace and automotive
application[11-13]. In the recent years more attention is paid
to insitu composites mainly because of its clean interface
formed in between the base matrix with reinforcement, good
bonding strength, high interfacial integrity, clear uniform
distribution in the matrix with high mechanical properties
and low fabrication costs[14-19]. Owing to its uniform
distribution in the matrix, the insitu AMC are widely used in
the structural application, when high stiffness, more strength
to weight ratio plays an important role in the aerospace and
automotive industries [20-22].
Binary master alloys (Al-B) receiving very good
response to replace the tertiary master alloys (Al-Ti-B)
which fail to grain refine in Al foundry alloys [23].
Binary master alloys have recently become predominant
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role for grain refining in pure aluminum. For the
production of master alloys in the industrial application
involves addition of halide salt KBF4 directly into the
base matrix molten aluminum alloy at the required
melting and reaction temperature. Exothermic reaction
takes place between the halide salt and Al alloy, the
presence of boron in the salt reduced and reacts with
aluminum to form the aluminium diborides. Special care
and measures is required for the formation and dispersion
of aluminum diboride in the melt. Chemical reaction and
stirring time plays the predominant role for the
production of insitu AlB2 particles. Alumnium boride
thus formed in the melt are retained in the dross layer and
mix with the remaining aluminum in the melt are in the
form of clusters and contaminated with the salt
residues[24-29]. Similar production technique is applied
for the production of Al-TiB2 composites and tertiary
master alloys by using KBF4 and K2 TiF6 halide salts
where TiB2 particles are distributed uniformly and more
easily [30-32].
There are various insitu processing techniques are
employed to improve the interfacial capability and reduce
the reinforcement sizes particle to produce the high
performance insitu dispersoid. Aluminum diboride
particles are produced by the exothermic chemical
reaction between the aluminium and different ceramic
compound or halide salt such as KBF4. Literature survey
on Al-AlB2 composites reveals that very meager amount
of work has been carried out in the field. In various insitu
reinforcement AlB2 has emerged outstanding insitu
reinforcement because of its excellent stiffness, hardness
and wear resistances. Present paper Al-AlB2 composites are
prepared using halide salt to increase the boron recovery by
adding cryolite with varying wt. % of reinforcement and to
optimize the manufacturing process [33-36].
II.

MATERIALS AND EXPERIMENTAL
PROCEDURE

6061Al which is commercially available from PMC
Corporation, Bengaluru was used as matrix material and
halide salt KBF4 of 99% from Madras Fluorine Private Ltd,
Chennai, having PH value of 4.3, were used as starting
materials for the formation of AlB2 reinforcement during in
situ reaction. Cryolite (SHWET MULTIMETALS,
MUMBAI) is used during casting acts as an activator for the
exothermic reaction (to accelerate the system and reduce
energy) and solvent for Al2O3 formed during casting
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process. It is used in different ratio of the wt.%. with the
reinforcement for the preparation of the insitu Al-AlB2
composites. The chemical composition of the matrix and
reinforcement material is as shown in Table 1.1, 1.2 and 1.3.
1.1 Cryolite (Na3AlF6)
Cryolite salt is in powder form and is used as a refining
flux and accelerate the system reaction in the fabrication of
inistu composites and master alloys for maximizing the boron
recovery during the chemical reaction. Inorder to increase and
maximize the boron recovery which is present in the melt and
cleanliness of the salt cryolite Na3AlF6 is used in the
exothermic reaction between the aluminum and the salt KBF4.
Table:1.1 Shows Chemical Composition of Al6061
Elements Si Cu
%
.76 .22

Fe Zn
.28 .06

Mn
.04

Cr
.07

Mg
.92

Al
Balance

time and a temperature of 800ºC, the slag was skimmed off
before half of the melt and the remaining half was stirred
manually with a preheated graphite rod. The melt was
finally cast into a permanent mould. Fabricated castings of
aluminium alloy and inistu composites specimens were
machined and cut into pieces according to ASTM standards
for microstructural studies. The samples of microstructural
studies were then metallographically polished with different
grades of silicon carbide papers, followed by surface
finishing and chemical etching with kellers reagent to reveal
microstructural details [44]. The prepared inistu composites
were examined for microstructures using Scanning Electron
Microscope to know the formation, distribution and
morphology of inistu AlB2 particle in the composites.
Reactions occurring during the process of interaction
between aluminum and potassium fluoroborate are [45]
12KBF4 +13Al = AlB12 +12KAlF4 (1) = AlB12 +12KF +
12AlF3
(1)
2KBF4 +3Al = AlB2 +2KAlF4 = AlB2 +2KF + 2AlF

Table:1.2 Shows Chemical Composition of KBF4 halide
salt
Elements
%

B
8.51%

K2SiF6
0.84%

Fe
0.022%

Moisture
0.06%

III.

Assay
98.9%

(2)

RESULTS AND DISCUSSIONS

3.1 Microstructural studies

Table:1.3 Chemical composition of Na3AlF6
Elements F> Na> Al> SiO2< Fe2O3< SO4< Ignite<
%
53 32
13 0.25
0.05
0.7
2.5
Cryolite Na3AlF6 is highly surface active which breaks
the oxide boride agglomerates or mushy parts which are
glued together and recover the borides at the maximum
extent during the chemical reaction between the Al-KBF4
insitu processes, otherwise the boride particles would end up
in the dross. Addition of cryolite Na3AlF6 in the preparation
Al-AlB2 composites impact was very remarkable [37-41].
1.2 Fabrication Process
Al6061/AlB2 composites containing 3wt% and 5wt% of
inistu AlB2 dispersoid were fabricated by insitu chemical
reaction involving exothermic dispersion in an electrical
resistance furnace equipped with an automatic stirrer.
Known quantity of base matrix material is loaded into a 5
Kg graphite crucible and heated to a temperature of 8000C
±5˚C in a furnace. By using hexa chloro ethane tablets
(C2Cl6) degasification process is carried out to expel gases
absorbed during melting process. The KBF4 halide salt and
cryolite Na3AlF6 salt, was preheated to a temperature of
3000C in a muffle furnace to remove the moisture present in
the salt. A calculated quantity of premixed and pre heated
KBF4 halide salt and cryolite Na3AlF6 (0.5 wt. % of KBF4)
salt mixture is added to the melt with continues stirring at a
speed of 150 rpm for 15-60 minutes using a zirconia coated
stirrer. The premixed salt is fed into the molten aluminum
either in the form of powder or tablet form was performed
gradually, to avoid melt due to excessive cooling retain the
temperature above 800oC in the addition process. To
monitor the progress of KBF4-Al reaction melt temperatures
has to be recorded and melt temperature is maintained at
800oC upto 60 minutes[42-43]. After 60 minutes reaction
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(b)
(a)
Fig 3.1(a)-(b) shows the micrograph without cryolite (a)
Al6061-3 wt.% AlB2 (b) Al6061-5 wt.% AlB2

(d)
(c)
Fig 3.1(c)-(d) shows the micrograph with cryolite in the
ratio 1:4 (a) Al6061-3 wt.% AlB2 (b) Al6061-5 wt.%
AlB2

(e)
(f)
Fig 3.1 (e)-(f) shows the micrograph with cryolite in the
ratio of 1:2 (e) Al6061-3 wt.% AlB2(f) Al6061-5 wt.%
AlB2
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Fig.3.1 (a)-(f) represents the micrograph of with and
without cryolite using the formation of Al-AlB2 insitu
MMC’s. Introducing of halide salt KBF4 into the liquid
molten alumnium has resulted in exothermic chemical
reaction for developing AlB2 insitu particle as clearly visible
in SEM micrographs in Fig. 3.1 (a) and (b) as seen with dark
colour AlB2 particles. But the AlB2 particles have not been
distributed uniformly in the matrix. According to the
Aluminum Binary phase diagram [46], peritectic type of
reaction occurs to form the AlB2 particles i.e, Al (liquid) +
AlB12 → AlB2 at 9000C. Amid which the at first framed
AlB12 phase responds with encompassing aluminum
dissolve to shape AlB2 amid cooling. The vast majority of
the AlB2 particulates formed amid the insitu chemical
reaction have hexagonal shape with light dim/dull dark
shading as plainly observed in SEM microphotographs.
Fig.3.1(c) and (d), when KBF4 salt is premixed with the
cryolite in the ratio of 1:4 wt. % of the reinforcement.
Genuinely uniform scattering of AlB2 particles in Al6061
base matrix can be accomplished by stirring the melt
persistently which helps in fracture of substantial
agglomeration of boride particles into littler particles which
can be consistently distributed in the matrix [47]. Figure .3.1
(e) and (f) pertain to micrograph when KBF4 salt is
premixed with the cryolite in the ratio of 1:2 wt.% of the
reinforcement, fairly uniform dispersion of AlB2 particles in
Al6061 matrix can be achieved by stirring the melt
continuously which helps in breakage of clustering of boride
particles into smaller particles which can be uniformly
distributed in matrix[48].It is also observed that low aspect
ratio of AlB2 particles distributed throughout the base
matrix. For converting from low aspect ratio to high aspect
ratio AlB2 particles melt to be heated more than 9500C and
to be cooled according to the Al-Boron binary phase
diagram. Even vigorous stirring is carried out during the
chemical reaction in the melt, retaining of uniform
distribution of AlB2 particle is extremely impossible [49].
Depending upon the cooling rate, chemical reaction time
and melt temperature reaction, the clustering of the inistu
particles forms inside the matrix. The properties of Al-AlB2
insitu composites profoundly relies on the resolution,
distribution, shape and size of AlB2particles.
Table 1.Recovery of boron (B) and cleanliness in Al–
AlB2 composites produced adding with and without
cryolite[49]
Sl
No
1
2

Salt used

Stirring

KBF4
Halide salts
KBF4 +
Na3AlF6 at
ratio of 1 : 2

With

B
recovery%
40

With

90

IV.

Cleanliness
Modesty
Rich

CONCLUSIONS

 Insitu composites having 3 and 5 wt. % of AlB2 were
successfully fabricated using 6061Al and premixed
salts KBF4 and Na3AlF6 halide salt in a electrical
resistance furnace.
 The micrographs reveals there is no clustering or
agglomeration and clear uniform distribution of insitu
AlB2 particles in Al6061 matrix.
 Addition of Cryolite (Na3AlF6) shows best results
when premixed with the KBF4halide salt to the melt in
the form powder or pressed tablets.
 Na3AlF6 breaks up the mushy part, oxide-boride
agglomerates and recover the borides which are glued
together with the spent salt when vigorous stirring is
employed.
 The minimum addition level required for a trouble
free processing and full B recovery is possible in the
ratio of 1:2 (Na3AlF6:KBF4).
V.

ACKNOWLEDGEMENT

Authors are very much thankful to EWIT College,
Bengaluru for providing electrical resistance furnace for
casting and BMSCE, Bengaluru for providing the facility to
use scanning electron microscope equipment for the
microstructure.
REFERENCES
1.

K. P. Gowda, J. N. Prakash, S. Gowda, B. S. Babu, J. Miner.
Mater.
Charact.
Eng.,
3,
469
(2015).
doi:10.4236/jmmce.2015.36049
2. B.S.Murthy, S.A.Kori, K.Venkateshvaralu, R.R.Bhat and
M.Charoborthy, Manufacture of Al -Ti – B Master alloy by
the reaction of complex halide salt with molten aluminium, J
Mater. Proces. Teachn, Vol 89-90 ,1999, pp. 152-158.
3. Samuel Dayanand, Satish Babu B, V Auradi, Experimental
Investigations On Microstructural And Dry Sliding Wear
Behavior Of Al-AlB2 Metal Matrix Composites, Mater. Today
Proc. 5(10), (2018) pp. 22536-22543.
4. Seah KHW, Hemanth J, Sharma SC. Mechanical properties of
aluminum quartz particulate composites cast using metallic
and non-metallic chills. Mater Des 2003; 24 pp. 87-93.
5. S. Boppana, K. Chennakeshavalu, J. Miner. Mater. Charact.
Eng., 8(7), (2009) , pp.563-569.
6. R. N. Harsha, V. Mithun Kulkarni, B. Satish Babu, Mater.
Today Proc. 5(10), 22340 (2018).
7. Ashok Kumar B, Murugan N. Metallurgical and mechanical
characterization of stir cast AA6061-T6–AlNp composite.
Mater Des 2012; 40, pp. 52-58.
8. Ramesh C S, Keshavamurthy R, Slurry erosive wear behavior
of Ni-P coated Si3N4 reinforced Al6061 composites. Mater
Des 2011; 32, pp. 1833-1843.
9. Gopalakrishnan S, Murugan N. Prediction of tensile strength
of friction stir welded aluminum matrix TiCp particulate
reinforced composite. Mater Des 2011; 32,pp. 462-467.
10. Kalaiselvan K, Murugan N, Parameswaran S. Production and
characterization of AA6061-B4C stir cast composite. Mater
Des 2011; 32, pp. 4004-4009.
11. Vijay SJ, Murugan N. Influence of tool pin profile on the
metallurgical and mechanical properties of friction stir welded
Al–10 wt.% TiB2 metal matrix composite. Mater Des 2010;
31, pp. 3585-3589.

The present work involving effect of cryolite on Al-AlB2
insitu composite is fabricated by an exothermic chemical
reaction between Al6061 with two different premixed halide
salts KBF4 and Na3AlF6 has leads to the following
conclusions.
Retrieval Number: B11770782S319/19©BEIESP
DOI : 10.35940/ijrte.B1177.0782S319

942

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

EFFECT OF CRYOLITE ON MICROSTRUCTURE OF INSITU AlB2 ALUMINIUM METAL MATRIX
COMPOSITES
12. Naveen Kumar G, Narayanasamy R, Natarajan S, Kumaresh
Babu SP, Sivaprasad K, Sivasankaran S. Dry sliding wear
behaviour of AA 6351-ZrB2 in situ composite at room
temperature. Mater Des 2010; 31, pp.1526-1532.
13. C.F. Feng, L. Froyen, Microstructures of in situ Al/TiB2
MMCs prepared by a casting route, Journal of Materials
Science 35, 2000, pp. 837– 850
14. Yucel Birol, Production of Al-B alloy by heating Al/KBF4
powder blends, Journal of Alloys and Compounds 481, 2009,
pp. 195-198
15. X.Wang, The Formation of AlB2 in an Al- B Master Alloy, J
Alloys Comp., 2005, 403, pp. 283-287.
16. Kayikci et.al, The Effect Reinforcement Ratio on the Wear
Behaviour of AlB2 Flake reinforced metal matrix composites
Actaphycica Polonic A, Vol 125, No.2, 2014.
17. Dumitru-Valentin Drăguţ, Emilia Uşurelu: “Characterization
of In-Situ AA 6060/AlB2 Metal Matrix Composite”, U.P.B.
Sci. Bull., Series B, Vol. 73, 2011
18. R. Orbán1, I. Cora, I. Dódony: “Preparation And
Characterization Of An Aluminum/Aluminum Diboride
Composite”, ECCM15-15th European Conference on
composite materials, Venice, Italy, 24-28 June 2012
19. M. Kubota “Properties of Al-AlB2 Materials Processed by
Mechanical Alloying and Spark Plasma Sintering
Proceedings” of the 9th International Conference on
Aluminium Alloys (2004) Edited by J.F. Nie, A.J. Morton and
B.C.
Muddle
Institute of Materials Engineering Australasia Ltd
20. K.V.S. Prasad, B.S. Murthy, P .Pramanik, P.G.Mukunda and
M.Chakramurthy, reaction fluorides salts with aluminuim ,
Mater Sci Technol., 1996, 12, pp. 766-770.
21. Sakip Koksal, Ferit Ficici, Ramazan Kayikci, Omar Savas.,
Experimental Investigation of Dry Sliding Wear Behaviour Of
Insitu AlB2 / Al Composite based On Taguchi’s Method,
Material and Design., 2012, pp.124-230
22. Petru Maldovan, DumitruValentin Dragut, In-situ productions
of Al/AlB2 composite by metal salt reaction,
researchgate.net.publication,
DOI
10.13140/RG
2.1.1339.5367 May 2015.
23. SB Boppana, K Chennakeshavalu ,Preparation of Al-5Ti
master alloys for the in-situ processing of Al-TiC metal matrix
composites
Journal
of
Minerals
and
Materials
Characterization and Engineering 8 (07), pp.563-569
24. Wang Xiao-ming. The formation of AlB2 in an Al-B master
alloy [J]. Journal of Alloys and Compounds, 2005, 403:,
pp.283−287.
25. Y. Birol, Production of Al-B alloy by heating Al/KBF4
powder blends Y Birol - Journal of Alloys and Compounds,
2009 -Elsevier Alloys Compd, 481 (2009)
26. S. A. Kori, B. S. Murty, M. Chakraborty, “Development of an
efficient grain refiner for with strontium”,Materials Science
and Engineering A, 283 (2000B) , pp.94–104.
27. M.M. Guzowski, G.K. Sigworth, and D.A. Sentner: “Grain
Refinement in Aluminum and Aluminum Alloys,” AFS
Transactions, Vol 93, pp.907-12 (1985).
28. Y.Birol “An improved practice to manufacture Al-Ti-B
master alloys by fluoride salts with molten aluminium”
,Journal of Alloys and Compounds, 420 (2006), pp.71-76
29. P.A. Tøndel, G. Halvorsen, L. Arnberg. S.K. Das (Ed.), Grain
refinement mechanisms of hypoeutectic Al-Si alloys Light
Metals 1993, Metal. Soc. of AIME, Warrendale, PA (1993),
pp.783-789
30. S.C.Tjong, G.S.Wang , L.Geng, Y.W.Mai, Cyclic
deformation behaviour of insitu aluminium matrix composite
of the system Al-Al3Ti-TiB2-Al2O3,Composite Science
Technolgy No 64,2004, pp. 1971-1980.
31. L A.E.Karantzails, A.Lekatou, M.Gerogties, V.Poulas and
H.Mavros Casting based Production of Al-TiC-AlB2
Composite Material Through The Use Of KBF4 Salt, Journal
of Material Engineering and Performance March 2011,
volume 20, Issue 2, pp 198-202

Retrieval Number: B11770782S319/19©BEIESP
DOI : 10.35940/ijrte.B1177.0782S319

32. Ferrict et.al, Investigation of Unlubricated Sliding Wear
Behaviour of In Situ AlB2-Al metal Matrix composite.
Advanced composite letters, Vol 20, ISSN.4, 2011.
33. O. Savaş et.al. Application of Taguchi Method to Investigate
the Effect of some factors on In-Situ formed Flake Structures
of Al/AlB2 composite, Advanced Composites Letters, Vol. 21,
Issue. 2, 2012 , pp.49-58
34. Dumitru et-al., Characterization of In Situ AA6060/AlB2
metal matrix composite. U.P.B.Sci.Bull., Series B, Volume
73, ISS.4, 2011.
35. Mirkovic D, Irkovic D, Grobner J, Schmid-Fetzer R,
Fabrichnaya O, Lukas H L, Experimental study and
thermodynamic re-assessment of the Al-B system. Journal of
Alloys and Compounds, 2004, 384, pp. 168-174.
36. Han Y, Liu X, Bian X. In situ TiB2 particulate reinforced near
eutectic Al–Si alloy composites. Composites: Part A 2002; 33,
pp.439–444.
37. Michael et.al., Synthesis and Characterization of In Situ form
TiB2 Particulate Reinforced AA7075 aluminium ally cast
composites, Materials and Design 44, 2013, pp.438-445
38. Jackson M J, Graham I D. Mechanical stirring of Al-B
alloys.,Journal of Materials Science Letters, 1994, 13:
pp.754−756.
39. Tjong SC, Ma ZY. Microstructural and mechanical
characteristics of in situ metal matrix composites. Mater Sci
Eng R 2000; 29:49-113.
40. Wang Xiao-ming. The formation of AlB2 in an Al-B master
alloy [J]. Journal of Alloys and Compounds, 2005, 403,
pp.283-287.
41. Wang Fang, Wang Ming-xing, Li Yun-liang, Liu Zhi-yong,
Liu Zhong-xia, Song Tian-fu. Grain refining mechanism of
Al-B master alloy on Al alloys [J]. The Chinese Journal of
Nonferrous Metals, 2008, 18(6), pp. 974-979. (in Chinese)
42. Auradi V, Kori S A, Influence of reaction temperature for the
manufacturing of Al–3Ti and Al–3B master alloys Alloys
Compd, 453 (2008)
43. Samuel Dayanand, Satish Babu B, Auradi V,” Experimental
investigation on microstructral and dry sliding wear bahaviour
of Al-AlB2 metal matrix composites”, Material Today:
Proceedings 5 (2018), pp.23536-22542
44. C. Deppisch, G. Liu, J. K. Shang, Processing and mechanical
properties of AlB2flake reinforced Al-alloy composites,
Mater. Sci. Eng. A, 225 (1997) pp. 153-161
45. Tongmin Wang*, Zongning Chen, Hongwang Fu, and Tingju
Li, Grain Refining Performance of Al-B Master Alloys with
Different Microstructures on Al-7Si Alloy, Met. Mater. Int.,
Vol. 19, No. 2 (2013), pp. 367-370
46. Jackson M J, Graham I D” Mechanical stirring of Al-B
alloys”., Journal of Materials Science Letters, (1994), 13,
pp.754−756.
47. A. Hall, J. Economy, The Al (L) + AlB12 ↔ AlB2 peritectic
transformation and its role in the formation of high aspect
ratio AlB2 flakes Phase Equilib, 21 (2000)
48. Y.Birol, Effect of silicon content in grain refining
hypoeutectic Al–Si foundry alloys with boron and titanium
additions,
Mater.
Sci.
Technol,
(2011)
https://doi.org/10.1179/1743284711Y.0000000031
49. Y. Birol, Improved halide salt process to produce Al–B master
alloys, Article in Materials Science and Technology
December 2011, DOI: 10.1179/1743284711Y.0000000031

943

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

