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ABSTRACT 

 

The direct recycling process is an alternative method of recycling waste of chip 

aluminium without melting the materials as compared to conventional recycling 

technique (secondary production). The cold compaction stage is the most crucial 

process of the direct recycling process. The billets density,  b achieved through the cold 

compaction stage significantly influences the hardness (mechanical properties) and chip 

boundaries (microstructural properties). The problem of conventional compaction 

(direct compaction) presents low of  b. The objective of this study is to develop the 

Cyclic Extrusion Compression Back Pressure (CECBP) technique to improve the  b 

which influences the hardness and chip boundaries of aluminium alloy 6061 and 7075 

chips in the direct recycling process. Taguchi Method was used as a tool to analyse and 

optimise the CECBP factors namely the pressure, P back pressure, Pb cycle time, tc and 

holding time, th.  Different lubricant strategy techniques (flood, dry and minimum 

quantity lubricant (MQL) were used to obtain different types of aluminium chips. 

Conventional compaction (direct compaction technique) was used to get  b value. The 

MQL showed the highest  b results compared to flood and dry technique. The 

experimental results suggested that the CECBP technique is able to improve cyclic 

billets density  cyb to 12.11% (AA6061) and 5.45 % (AA7075) compared to direct 

compaction technique. It is also established that the cyclic specimen hardness, Hcys and 

chip boundaries for both aluminium alloys improved when  cyb value increased by 

using regression analysis. Pressure is identified to be the most significant factor in 

influencing the properties of  cyb,  cys and Hcys. In conclusion, CECBP technique had 

successfully improved the cold compaction stage for a direct recycling process and can 

used as direct recycling process of aluminium in industry.  
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ABSTRAK 

 

Proses kitar semula langsung adalah satu kaedah alternatif kitar semula sisa cip 

aluminium tanpa lebur bahan berbanding teknik kitar semula konvensional (pengeluaran 

menengah). Peringkat pemadatan sejuk adalah proses yang paling penting dalam proses 

kitar semula langsung. Ketumpatan bilet, ρb dicapai melalui peringkat pemadatan sejuk 

ketara mempengaruhi kekerasan (sifat mekanikal) dan sempadan cip (sifat 

mikrostruktur). Masalah pemadatan konvensional (pemadatan langsung) 

membentangkan rendah ρb. Objektif kajian ini adalah untuk membangunkan Cyclic 

penyemperitan Mampatan Kembali Tekanan (CECBP) teknik untuk meningkatkan ρb 

yang mempengaruhi kekerasan dan cip sempadan aloi aluminium 6061 dan 7075 cip 

dalam proses kitar semula langsung. Taguchi Kaedah digunakan sebagai alat untuk 

menganalisis dan mengoptimumkan faktor CECBP iaitu tekanan, tekanan P kembali, Pb 

masa kitaran, tc dan memegang masa, th. Teknik strategi pelincir yang berbeza (banjir, 

kering dan minimum kuantiti pelincir (MQL)) telah digunakan untuk mendapatkan 

pelbagai jenis cip aluminium. Pemadatan konvensional (teknik pemadatan langsung) 

telah digunakan untuk mendapatkan nilai ρb. The MQL menunjukkan hasil ρb tertinggi 

berbanding dengan banjir dan teknik kering. Keputusan eksperimen menunjukkan 

bahawa teknik CECBP ini mampu meningkatkan kitaran ρcyb ketumpatan bilet kepada 

12.11% (AA6061) dan 5.45% (AA7075) dan juga berbanding dengan teknik pemadatan 

langsung. Ia juga menetapkan bahawa kekerasan spesimen kitaran, Hcys dan cip 

sempadan untuk kedua-dua aloi aluminium meningkat apabila nilai ρcyb ditambah 

dengan menggunakan analisis regresi. Tekanan dikenal pasti sebagai faktor yang paling 

penting dalam mempengaruhi sifat-sifat ρcyb, ρcys dan Hcys. Kesimpulannya, teknik 

CECBP telah berjaya meningkatkan tahap pemadatan sejuk untuk proses kitar semula 

langsung. 
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