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Pembangunan Pateri Komposit Sn-Cu-Ni Bebas Plumbum Dipengaruhi Oleh 

Penguat Bukan Logam  

ABSTRAK 

Untuk beberapa dekad, aloi Sn-Pb telah digunakan secara meluas sebagai bahan 

pematerian dalam industri pembungkusan elektronik. Walaupun begitu disebabkan 

kebimbangan mengenai ketoksikan plumbum dalam bahan pateri SnPb eutectic, 

penyelidikan telah memberi tumpuan kepada pembangunan pateri bebas plumbum. 

Tumpuan utama adalah untuk membangunkan satu generasi baru bahan sambung yang 

dilengkapi dengan gabungan mekanikal, elektrik dan sifat-sifat haba yang memenuhi 

keperluan industri elektronik. Dalam projek ini, generasi baru bebas plumbum (Sn-Cu-

Ni) aloi pateri telah dibangunkan untuk membentuk pateri komposit. Lima pateri bebas 

plumbum komposit baru telah berjaya dihasilkan menggunakan kaedah metalurgi 

serbuk, yang terdiri daripada pencampuran, pemadatan, dan proses pensinteran. Kajian 

ini juga dibantu oleh bantuan gelombang mikro yang membantu proses pensinteran 

hibrid, yang menunjukkan kelebihan dalam pemprosesan berbanding kaedah 

konvensional pensinteran, seperti kadar pemanasan pesat, masa pensinteran 

dipendekkan, penggunaan tenaga yang kurang dan peralatan yang lebih murah. Lima 

bahan bukan logam (Silikon nitrida, Titanium oksida, Silikon karbida, Silikon dan 

Karbon) dengan pelbagai peratusan (0, 0.25, 0.5, 0.75 dan 1.0 wt.%) telah dimasukkan 

ke dalam matriks pateri. Mikrostruktur, elektrik, haba, ciri-ciri fizikal, dan sifat-sifat 

mekanikal komposit pateri telah disiasat. Penambahan tetulang zarah ke dalam matriks 

pateri Sn-Cu-Ni membawa kepada peningkatan prestasi haba dan prestasi mekanikal. 

Hasil kajian juga telah menunjukkan tiada perubahan suhu lebur dan prestasi elektrik. 

Kehadiran zarah tetulang adalah berkesan dalam merencatkan pertumbuhan lapisan 

antara logam ke atas Cu-substrat. Kekuatan ricih pateri komposit telah bertambah baik 

dengan penambahan tetulang zarah. Semua pateri komposit sistem juga menunjukan 

kebolehbasahan yang lebih baik dengan peningkatan sudut pada Cu-substrat berbanding 

pateri tanpa tetulang. Hasil pembelauan x-ray menunjukan bahawa tiada fasa tindak 

balas baru yang berlaku dalam sistem komposit baru. Secara keseluruhannya, Sn-Cu-Ni 

pateri komposit menunjukkan peningkatan berbanding pateri tanpa penambahan dan Sn-

Cu-Ni+AC adalah pateri komposit yang paling baik. Sifat-sifat mekanikal yang 

cemerlang manjadikan Sn-Cu-Ni+AC adalah pateri altenatif dan pilihan ideal untuk 

menggantikan pateri bebas plumbum dalam industri elektronik. 
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The Development of Sn-Cu-Ni Lead Free Composite Solder Influence by Non-

Metallic Reinforcement  

ABSTRACT 

For several decades, Sn-Pb alloys have been extensively used as soldering material in 

the electronic packaging industry. Even so due to the concern on the toxicity of lead in 

eutectic SnPb solders, researchers have been focussing on the development of new lead-

free solders. The primary focus is to develop a new generation of interconnect materials 

that is equipped with a combination of good mechanical, electrical and thermal 

properties that fulfil the requirement of electronic industry. In this project, a new 

generation of lead-free (Sn-Cu-Ni) solder alloy was developed to form a composite 

solder. Five new lead-free composite solders were successfully synthesized using the 

powder metallurgy method, which consists of mixing, compaction, and sintering 

process. This research also assisted by a hybrid microwave assisted sintering process, 

which showed significant advantages in processing compared to conventional sintering 

method, such as rapid heating rate, shortened sintering time, less energy consumption 

and less expensive equipment. Five non-metallic reinforcements (Silicon Nitride, 

Titanium Oxide, Silicon Carbide, Silicon, and Activated Carbon) with various 

percentages (0, 0.25, 0.5, 0.75, and 1.0 wt. %) were intentionally incorporated into the 

solder matrix. The microstructure, electrical, thermal, physical properties, and 

mechanical properties of the composite solders were investigated. Addition of 

reinforcement particle into a Sn-Cu-Ni solder matrix has led to improvement in thermal 

performance and mechanical performance. The result also has shown there are no 

change in the melting temperature and electrical performance. The presence of 

reinforcement’s particles was effective in retarding the interfacial intermetallic layer 

formation. The shear strength of composite solder were improved with addition of 

reinforcement particles. All of composite solder system also showed better wettability 

which improvement in contact angle on Cu-substrate compare with monolithic solder. 

XRD result showed that there are no new reaction phases occur in the new composite 

system. Overall, the Sn-Cu-Ni composite solder showed an improvement compared to 

the monolithic solder and the Sn-Cu-Ni+AC were the most preferable composite solder. 

Its excellent mechanical properties make the Sn-Cu-Ni+AC composite solder an 

alternative and ideal choice to replace current lead free solder in the electronic industry. 
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