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ABSTRAK

ARINI. Pengaruh Variasi Rapat Arus Pulsa terhadap Struktur dan Sifat Mekanik
Lapisan Komposit Ni-AIN/Si;N. Hasil Elektrodeposisi Ultrasonik pada Substrat
Baja High-Speed Steel. Skripsi, Program Studi Fisika, Fakultas Matematika dan
IImu Pengetahuan Alam, Universitas Negeri Jakarta, Juli 2026. Di bawah
bimbingan ESMAR BUDI dan SITI JULIA.

Penelitian ini bertujuan untuk menganalisis pengaruh variasi rapat arus pulsa
terhadap struktur kristal, morfologi permukaan, komposisi unsur, dan sifat mekanik
lapisan komposit Ni-AIN/SisN. yang dideposisikan pada substrat High-Speed Steel
(HSS) menggunakan metode Ultrasonic-Assisted Pulse Electrodeposition
(UAED). Variasi rapat arus pulsa yang digunakan yaitu 0,064 mA/mmz2, 0,072
mA/mm?, dan 0,080 mA/mma?. Karakterisasi lapisan dilakukan menggunakan X-
Ray Diffraction (XRD), Scanning Electron Microscopy—Energy Dispersive
Spectroscopy (SEM-EDS), serta uji kekerasan Vickers. Hasil penelitian
menunjukkan bahwa lapisan komposit tersusun atas fasa Ni, Aluminium, -Si:Na,
dan CrFe. Peningkatan rapat arus pulsa meningkatkan ukuran kristalit rata-rata dari
27,76 nm menjadi 32,69 nm tanpa membentuk fasa baru, namun memengaruhi
orientasi kristal B-Si:Na. Nilai kekerasan Vickers meningkat dari 766,47 HV (7,52
GPa) pada 0,064 mA/mm?2 menjadi 878,80 HV (8,62 GPa) pada 0,072 mA/mm?,
kemudian menurun menjadi 753,70 HV (7,39 GPa) pada 0,080 mA/mm2. Hasil
SEM-EDS menunjukkan bahwa variasi rapat arus memengaruhi morfologi
permukaan, distribusi partikel, dan komposisi unsur lapisan komposit. Berdasarkan
hasil karakterisasi struktur kristal, morfologi, komposisi unsur, dan sifat mekanik,
rapat arus pulsa 0,072 mA/mm?2 menghasilkan karakteristik lapisan paling optimum
dengan kombinasi ketebalan lapisan dan kekerasan tertinggi.

Kata Kunci: Ni-AIN/SizNs; Ultrasonic-Assisted Pulse Electrodeposition; rapat
arus pulsa; struktur kristal; morfologi; kekerasan Vickers.
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ABSTRACT

ARINI. Effect of Pulse Current Density Variation on the Structure and Mechanical
Properties of Ni—AIN/SisNs Composite Coatings Produced by Ultrasonic
Electrodeposition on High-Speed Steel Substrates. Undergraduate Thesis, Physics
Study Program, Faculty of Mathematics and Natural Sciences, Universitas Negeri
Jakarta, July 2026. Supervised by ESMAR BUDI and SITI JULIA.

This study investigates the effect of pulse current density on the crystal structure,
surface morphology, elemental composition, and mechanical properties of Ni—
AIN/SisNs composite coatings deposited on High-Speed Steel (HSS) substrates
using the Ultrasonic-Assisted Pulse Electrodeposition (UAED) method. Pulse
current densities of 0.064, 0.072, and 0.080 mA/mm? were applied. The coatings
were characterized using X-ray Diffraction (XRD), Scanning Electron Microscopy
coupled with Energy Dispersive Spectroscopy (SEM-EDS), and Vickers hardness
testing. The results revealed that the coatings consisted of Ni, AL, B-Si:N4, and CrFe
phases. Increasing the pulse current density increased the average crystallite size
from 27.76 nm to 32.69 nm without forming new phases, but it altered the preferred
crystal orientation of B-SisNas. The Vickers hardness increased from 766.47 HV
(7.52 GPa) at 0.064 mA/mm? to a maximum of 878.80 HV (8.62 GPa) at 0.072
mA/mm2, then decreased to 753.70 HV (7.39 GPa) at 0.080 mA/mm2. SEM-EDS
analysis showed that pulse current density influenced the surface morphology,
particle distribution, and elemental composition of the composite coatings. Overall,
the coating deposited at 0.072 mA/mm?2 exhibited the optimum characteristics,
providing the best combination of coating thickness and mechanical performance.

Keywords: Ni—AIN/SisNs  composite coating; Ultrasonic-Assisted Pulse
Electrodeposition; pulse current density; crystal structure; surface morphology;
Vickers hardness.

vii



DAFTAR ISI

LEMBAR PENGESAHAN ...ttt i
LEMBAR PERNYATAAN ORISINALITAS ...cooiiiiiieiiiieee e i
ABSTRAK ...t a e vi
ABSTRACT ..ttt e ettt e et e e e s anbb e e e e anraeeee s vii
DAFTAR IS ...... gt o R oo oenrereenennennas viii
DAFTAR GAMBAR ...ttt X
DAFTAR TABEL ....ooiiiiiiie ettt anbe e e xii
DAFTAR LAMPIRAN ... .ctiiiiiiiiie ettt ea e s nnbnee s Xiv
BAB I PENDAHULUAN ...coiiiiiiiii ettt ettt sieea e snnaee e e snsinee e 15
A.  Latar Belakang ...........ccooooiiiiiiiiiii e 15
B.  Perumusan Masalah..............ccccooiiniiii 18
C.  Tujuan Masalah........ccccooiiiiiiiiiiiiii e 18
D.  Manfaat Penelitian .........ccccooceviiiiiiiiiiiii i 19
BAB II TINJAUAN PUSTAKA.. ... 20
A.  Lapisan Komposit Ni-AIN/S13N4....cooiiiiiiiiiiiiesiiiiiiiiee i 20

B SubstraEEajanEiS e . S S . .../ g 24

C Bllzason1CUSaEIEE. S ......... AP SO ... ... 26
D.  EleKtrodeposiSiiii. e iaas buis seebsnssensvnnnnessssstiiitnreeenesdeesibusennrrrennsadas 27

E Rapat Arus PulSa .......uuviiiiiiiiiiiiiiiiii i 31

E X-RAY DIfFACTHION ...t 32
G.  Scanning Electron Microscopy (SEM) & Energy Dispersive Spectroscopy
(EDS)..... . B oot e el 34
H.  Uji Kekerasan VICKETS .........ccuuviiiiiiiiiiiiiiiiii i 35

L. Pengembangann Riset Sebelumnya .............ccceveeiiiiiiinie 37
BAB Il METODOLOGI PENELITTAN.......octiiiiiiiiiaiiiie e 39
A.  Tempat dan Waktu Penelitian ...........cccooovveiiiiiiiiiiiiiiiiice e 39
B, Metode Penelitian.........c..ceeiiiiiiiiiiiiie e 40

1. Alat dan Bahan...........ccoooiiiiiiiiiii e 40

2. Prosedur Penelitian............ccccooiiiiiiiiiiiiiiiee e 41



3. Teknik Pengumpulan dan Analisis Data.............ccccooiviiiiiiniiiciiinen, 46

C.  Teknik Pengumpulan dan Analisis Data............c.ccoceiiieiiiiiiiiiicnieeen, 47

1. Teknik Pengumpulan Data..........c.ccooveiiiiiiiiiiiiiic e 47

2. Teknik Analisis Data.........cooviiiiiiiiiiiiiii e 47
BAB IV HASIL DAN PEMBAHASAN ....oooiiiiiiiieiiee e 48

A.  Analisis Morfologi dengan Scanning Electron Microscopy - Energy
Dispersive Spectroscopy (SEM-EDS) pada Lapisan Komposit Ni-AIN/Si3N4 48

B.  Analisis Struktur Kristal dengan X-Ray Diffraction (XRD) Lapisan

Komposit (NI-AIN/S1ZNG) .o 60

1. Fasa dan Struktur Kristal ...........cccooiiiiiiiiiiiiiiiiieecee e 60

@ § Ukuran Kristal <.......... &8 .......... 08 ...............cco B B 66

C.  Analisis Uji Kekerasan Vickers pada Lapisan Komposit Ni-AIN/Si3Ny. 74
BAB V KESIMPULAN DAN SARAN ....ciiiiiiieiiiiie ettt 82
A, KeSTMPUIAN ..o 82
B.  Saran S . U————— ........ 0L ......... SUSSS. A 83
DAFTAR PUSTAKA ...t 84
INAMPIR AN .58, “SOSiiiee VE—w . S BN S A— . ... 95

X



	LEMBAR PENGESAHAN
	ABSTRAK
	ABSTRACT
	DAFTAR ISI

