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PENGARUH VARIASI SUHU ARTIFICIAL AGING (150°C, 175°C, dan
200°C) TERHADAP HASIL PENGECORAN ALUMINIUM
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ABSTRAK

Penggunaan aluminium dan logam paduan aluminium di dunia
industri terus berkembang, menuntut manusia untuk melaksanakan
rekayasa guna memenuhi kebutuhan yang semakin kompleks bahan dasar
untuk membuat alumunium sangat terbatas dan pengolahannya
memerlukan dana yanga besar. Sehingga dilakukan daur ulang dari limbah
alumunium. Salah satu cara mendaur ulang yaitu dengan melakukan
proses pengecoran. Agar hasil pengecoran lebih baik, maka perlu
dilakukan treatment (perlakuan) untuk memperbaiki sifat alumunium
supaya hasil pengecoran lebih ulet dan keras dengan cara artificial aging
(penuaan buatan). Pada penelitian ini menggunakan metode artificial aging
(penuaan buatan). Artifical aging adalah penuaan untuk paduan aluminium
yang di age hardening dalam keadaan panas. Artifical aging berlangsung
pada temperatur antara 100°C-200°C dan dengan lamanya waktu
penahanan antara 1 sampai 24 jam. Maka dalam penelitian ini tahap
penuaan buatan menggunakan variasi suhu artificial aging (150°C, 175°C,
dan 200°C) dengan waktu tahan selama 2 jam dan membandingkannya
dengan raw material. Tujuan dari penelitian ini untuk mengetahui
kandungan komposisi kimia material yang akan diperlakukan artificial
aging, mengetahui nilai kekerasan material sebelum dan sesudah dilakukan
artificial aging. Dari hasil pengujian komposisi kimia terdapat 13 unsur, yaitu
Al (84,84%), Si (9,2655%), Cu (1,7669%), Fe (2,07%), Ni(0,93%), Mg
(0,91%), Ti (0,08%), Zn (0,05%), Mn (0,047%), Cr(0,03%), Sn (0,0074%),
Pb (0,0049%), dan P (0,0019%). Dari hasil pengujian kekerasan rockwell
pada spesimen dengan aging 200°C mempunyai nilai kekerasan paling
tinggi yaitu rata-rata sebesar 80,36 HRB lebih keras dibandingkan
spesimen dengan aging 150°C dan aging 175°C karena pengendapan Cu
lebih banyak dibandingkan lainnya.

Kata kunci : artificial aging, komposisi kimia, pengercoran, rockwell
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THE EFFECT OF ARTIFICIAL AGING TEMPERATURE VARIATION
(150°C, 175°C, and 200°C) ON ALUMINUM CASTING RESULTSUSING
BLACK SAND MOLD WITH 7% BENTONITE

Saiful Anwar, Masyrukan
Mechanical Engineering , Muhammadiyah University, Surakarta
JI. A'Yani Tromo | Pos 1 Pabelan, Kartasura

Email: s.anwar1497@gmail.com

ABSTRACT

The use of aluminum and aluminum alloys in the industrial world continues
to grow, demanding people to carry out engineering in order to meet the
increasingly complex needs of basic materials to make aluminum very limited and
its processing requires large funds. So it is done recycling from aluminum waste.
One way to recycle is to do the casting process. For better casting results,
treatment needs to be done to improve the properties of aluminum so that the
casting results are more resilient and harder by means of artificial aging. In this
study using the method of artificial aging. Artificial aging is aging for aluminum
alloys that are aged hardening in a hot state. Artificial aging takes place at
temperatures between 100°C-200°C and holding time between 1 to 24 hours. So
in this study the artificial aging stage uses variations in artificial aging temperature
(150°C, 175°C, and 200°C) holding time of 2 hour and compares it with raw
material. The purpose of this study was to determine the chemical composition of
the material to be treated artificially by aging, to know the value of material
hardness before and after artificial aging. From the results of testing the chemical
composition there are 13 elements, namely Al (84.84%), Si (9.2655%), Cu
(1.7669%), Fe (2.07%), Ni (0.93%), Mg (0.91%), Ti (0.08%), Zn (0.05%), Mn
(0.047%), Cr (0.03%), Sn (0.0074%), Pb (0, 0049%), and P (0.0019%). From the
results of rockwell hardness testing on specimens with aging 200°C has the highest

hardness value of an average of 80.36 HRB harder than specimens with aging

150°C and aging 175°C due to more Cu deposition than others.

Keywords: artificial aging, casting, chemical composition, rockwell

Xi


mailto:s.anwar1497@gmail.com

DAFTAR ISI

HALAMAN JUDUL oo e i
PERNYATAAN KEASLIAN TUGAS AKHIR ...oooeiiiiiiiieeeeee e i
HALAMAN PERSETUJUAN ....ooiiiiiiiiiiiciiiieee e i
HALAMAN PENGESAHAN. ... §\Y,
LEMBAR SOAL .ot e e es s Y
MOTTO & PESAN ..ottt e e e Vi
HALAMAN PERSEMBAHAN ......ooiiiiiiiiiiiee e Vii
KATA PENGANTAR oot e e eaae e Vil
AB ST R AK e X
DAFTAR IS ettt e e e e e e e e e e s ennannees o Xii
DAFTAR GAMBAR ...oooiiii ittt e e Xiv
DAFTAR TABEL .o XVii
BAB | PENDAHULUAN
1.1 Latar Belakang ........oooovuuiiiiiieccceeeeiie e 1
1.2 Rumusan Masalah ..........cccccociiiiii 2
1.3 Batasan Masalah ...........cccoooviiiiiiiiiiiii e 3
1.4 Tujuan Penelitian ... 3
1.5 Manfaat Penelitian ............ccccovviiiie 4
1.6 Sistematika Penulisan...........ccccccoviiiiiiieeee 4
BAB II LANDASAN TEORI
2.1 Tinjauan PUSEAKA ..........ccovviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeeeeee 6
P D - 1T | g =T o ] o PP 8
2.2. 1. AIUMINIUM (oot 8
2.2.2. Paduan Alumunium..........ccovveiiiiiiineee e 10
2.2.3. Proses PengecCoran ..........cccuuuuuuiinieeeeieeiiiiiiieee e e 18
2.2.4. POIa.......oo e 19
2.2.5. Cetakan Pasir ..........oiiiiiiiiiiiiiiiii e 20
2.2.6. cacat pada Coran .........cccevvveveiiiiiiiiiiiiiieeeeeeeeeeeeeeeee 22
2.3. Perlakuan Panas.........ccccooeeeeieiiieiiiiiiee e e e e eeeanes 26

xii



2.4. Sifat Fisis dan Sifat MeKaniS..... ..ocoveeeii e 29

2.3.1.Komposisi KiMia .......cccoveiiiiiiiiiiiiiiiiiiiiiiiiieeieeeeeeeeee 29
2.3.2.StrUKIUr MIKIO .coovviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeee 30
2.3.3.Harga KeKerasan .............ccceevvervviiiiie e 31

BAB Il METODE PENELITIAN
3.1 Diagram Alir Penelitian............oooooeeii 36
3.2 Tempat Penelitian ..............ooiiiiiiiiiiieice e 37
3.3 Alatdan Bahan..........ccoooeeeeiiii, 37
I 0 N - | RO PPPRRRR 37
3.3.2Bahan.....cccoiiiiii e 45
3.4 Prosedur Penelitian ............cccocuuuemimiiiiiiiiiiiiiiiiiiiiiiennnnnens 47
1.4.1 Pembuatan Cetakan Pasir Hitam .............ccccccvvvnnnnnnnns 47
1.4.2 Peleburan LOgam ..............ueeuuumimimmmimmiiiiiiiiiiiiiiiiiiiinnnnns 51
1.4.3 Penuangan Logam Cair ..............eeeveviemmmiiiiinmiiiiiiiinnnnns 51
1.4.4 Pembongkaran cetakan ..............cccccevviiiiiiiiiiieeeneennnn, 51
1.4.5 Perlakuan Panas Artificial AgiNg .............evvvvvmiiiiiinnnnns 52
1.4.6 Pengamatan Cacat POrositas.............ccccuvvvvvmeenieennnnnns 53
1.4.7 Pengujian Komposisi Kimia..............uuveeeiiiiiiiiiiiiiiiinnn. 53
1.4.8 Pengujian struktur mikro...............cccoevvvviiiiiiiiieeeeeeen, 54
1.4.9 Pengujian kekerasan...........ccccooeeeeeeiiiiiiiiiiiiiiieeeeeeeiin, 55
1.4.10 ANAliSa Data........cuuiieieeeeieeeiiiiiiie e e e e e 56

BAB IV DATA DAN ANALISA

4.1 Pengujian Komposisi Kimia........cccooeeeeeeieiiiiiiiiieeeeeeeeeeiiinn, 57
4.1.1 Pembahasan Komposisi Kimia ...........cccccceeeeeeeeiiinnnn, 58
4.2 Pengamatan POrOSItas ...............euuuuueiimumemiiiiiiiiiiiiiiinniennnnnns 59
4.2.1Pembahasan Pengamatan Porositas..................c....... 59
4.3 Pengujian Struktur MiKro. ...........ccoiiiiiiiiiiiceeeeeeee 60
4.3.1Pembahasan Struktur MiKro. .........ccccccuiiiiiiinnniiiiennns 63
4.4 Pengujian Kekerasan Rockwell...............cuviiiiiiiiiiiiiiiiiinnns 63
4.3.1 Pembahasan Harga Kekerasan HRB . ...................... 67

xiii



BAB V PENUTUP
5.1 KeSIMPUIAN ...coovviiiiiicc e
5.2 SAIAN... it o
DAFTAR PUSTAKA
LAMPIRAN

Xiv



DAFTAR GAMBAR

Gambar 2.1 Diagram Fasa Al-CU..............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinneee 11
Gambar 2.2 Diagram Fasa Al-MN ... 12
Gambar 2.3 Diafram Fasa Al-Si............uuuuiuiiiiiiiiiiiiiiiiiiii. 12
Gambar 2.4 Diagram Fasa Al-MQ .......coooviviiiiiiiiieee e, 13
Gambar 2.5 Struktur Mikro Paduan Al-MQ ... 13
Gambar 2.6 Diagram Fasa Al-Si-MQ..........couuiiiiiiiiiiiieciee e 14
Gambar 2.7 Foto Mikro Paduan Al-Si-Mg ........cccoeeeeiiiiiiiiiiiiiiieeeeeeeeenas 15
Gambar 2.8 Diagram Fasa Al-ZN ... 15
Gambar 2.9 Diagram Fasa Al-Mg-ZN..............uuviiimiiiiiiiiiiiiiiiiiiiins 16
Gambar 2.10 Struktur Mikro Paduan Al-Mg-Zn..........cccccccceeiiieeeeeeeeenn, 17
Gambar 2.11 Struktur Mikro Paduan Al-Si-CU ..............ueeveiiiiiiiiniinnnnne 17
Gambar 2.12 Diagram Proses Pengecoran .............ccccc.eeeeeeeeeenennnnnnnnns 19
Gambar 2.13 Rangka Cetak .........ccccoeeeeiiiiiiiiiiiii e 22
Gambar 2.14 cacat POrOSItAS .......uuuiiiieeeeeeeeiiiiiee e e e e e e e e eeeaans 23
Gambar 2.15 Bentuk Cacat Penyusutan .............cccccceeeeeviiiiniiiinnnnnnnnn. 23
Gambar 2.16 Cacat retakan...............ueeeeemiiiiiiiiiiii. 24
Gambar 2.17 Cacat Salah AlIl ............uuuiumiiiiiiiiiiii, 24
Gambar 2.18 Bentuk cacat permukaan kasar..............cccccvveeiiiinnnnnnnne 25
Gambar 2.19 Cacat DefOrmasi ...........uuuueuruuiiiiiiiiiiiiiiiiiiiiiiiiiiiieieenees 25
Gambar 2.20 Diagram fase pemansan paduan logam ....................... 27
Gambar 2.21 Proses Pengamatan Struktur Mikro Al-Si....................... 31
Gambar 2.22 Prinsip Uji Kekerasan Rockwell..............cccccoiiiiiiiinnnnnnns 35
Gambar 3.1 Diagram Alir Penelitian.............ccccooeeiiiiiiiiiiiiieie e, 36
Gambar 3.2 Kerangka CetaK ..........cooeviiiiiiiiiiiccieee e, 37
Gambar 3.3 SArNQaN. ........uuuuiiiiiiiiiiiiiii 33
Gambar 3.4 PenumbBbUK..........oooiiiii e 38
Gambar 3.5 Tabung Silinder.........cooooiiii i, 38
Gambar 3.6 LANSEL ......uiiieieeieeiieiice e 39

XV



GaAMDBDAT 3.7 KOWI oo 39

Gambar 3.8 Gelas UKUT ............uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieeieneenennaees 40
Gambar 3.9 Dapur Peleburan.............ooovvviiiiiiiiieececeeeies e, 40
GamDbar 3.10 TANQG .....cerrrreieieee e 41
Gambar 3.11 Jangka SOIONQ ........uuuuuuuumuuuiiiiiiiiiiniiiinniiineeeieeeeeeaeeeaaeaees 41
Gambar 3.12 Termocople TYpe K....ooooeeeiieeeciiee e 41
Gambar 3.13 Timbangan .............cccoiiiiieiiiiec e 42
Gambar 3.14 Alat Uji SPEKIOMELEN ........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieee 43
Gambar 3.15 Alat Furnace Chamber...............uvvviiiiiiiiiiiiiiiiiii. 43
Gambar 3.16 CAWAN ........uuuuuuuiiuiiiiiiiiiiieiie e 44
Gambar 3.17 Alat Uji Struktur MiKro ...............eeeeeiiiiiiiiiiiiiiiiiis 44
Gambar 3.18 Alat Uji Kekerasan Rockwell ..............ccccovviiiiiiieciinnnnnn, 45
Gambar 3.19 Aluminium BeKas ............uuuuuummmmmmmimiiiiiiiiiiiiiiiiiiiiannnn. 45
Gambar 3.20 Pasir HItam ............uiiiiiiiieiicceeeee e 46
Gambar 3.21 POI@.......uiiie e 46
Gambar 3.22 BENTONIT.........uuuuiiiiiiiiiiiiiiiiiiiiiiiiie e 46
Gambar 3.23 Calcium Carbonate ................eeeeeemmimiiimiiiiiiiiiiiiiiei. 41
Gambar 3.24 Persiapan Cetakan................uuuueeiiiiiiiiiiiiiiiiiiiiiiiiieiinnnn. 41
Gambar 3.25 Pengisian dan Pemadatan Pasir Hitam.......................... 48
Gambar 3.26 Pembersihan Permukaan Pola ............cccccccvviiniiinnnnnnnns 48
Gambar 3.27 Pemasangan Saluran Turun dan Saluran Buang........... 49
Gambar 3.28 Mencabut Tabung Silinder .............cccccciiiiiiiiiiiiiiiiiiiee 49
Gambar 3.29 Mengambil Pola ............ccooovviiiiiiiiiie e, 50
Gambar 3.30 Penutup Cetakan Atas .............cceeeeeeeeeeiiieeiiiiie e 50
Gambar 3.31 Penuangan Logam Cair Kedalam Cetakan.................... 51
Gambar 3.32 Pembongkaran Cetakan .............cccoeeeeviiiiiiiiiiiiiie e, 52
Gambar 4.1 Perbandingan Foto Makro Cacat Porositas ..................... 59
Gambar 4.2 Perbandingan FOto MiKro..............uuuviuiiiiiiiiiiiiiiiiiiiiiiiinnns 60
Gambar 4.3 Perbandingan FOto MiKro...............uuuuiiiiiiiiiiiiiiiiiiiiiiiiienne 61
Gambar 4.4 Perbandingan Foto MiKrO..........cccooeevviiiieiiiiiiiceecee e, 62

XVi



Gambar 4.5 Posisi tiik uji kekerasan pada spesimen

Gambar 4.6 Histogram Hasil Uji Kekerasan ............

XVii



DAFTAR TABEL

Tabel 2.1 Karakteristik dan Sifat Aluminium ..........cccccceeeiieieeniieeiiinnnnnn.
Tabel 2.2 Skala Pada Pengujian Kekerasan Rockwell ........................
Tabel 2.3 Aplikasi Khas Skala Kekerasan Rockwell ..............ccccoeueeee.
Tabel 2.4 Aplikasi Khas Skala Kekerasan Rockwell ...............cccooueeee.
Tabel 4.1 Hasil Uji Komposisi Kimia ..o
Tabel 4.2 Hasil uji kekerasan rockwell pada spesimen raw material ...
Tabel 4.3 Hasil uji kekerasan rockwell pada spesimen aging 150°C ...
Tabel 4.4 Hasil uji kekerasan rockwell pada spesimen aging 175°C ...

Tabel 4.5 Hasil uji kekerasan rockwell pada spesimen aging 200°C ..

XViii



