[bookmark: _GoBack]Supplementary Materials for
Improved Corrosion Resistance and Cytotoxicity of Nickel-based alloy using Novel Plasma processing technique

Muhammad Yousaf1, Tahir Iqbal1,2*, Muhammad Salim Mansha1*, Adnan Saeed3, Muhammad Abrar4, Sumera Afsheen5, Irfan Ahmed6, Abeer A. AlObaid7, Basheer M. Al-Maswari8 
1Department of Physics, Faculty of Science, University of Gujrat, Hafiz Hayat Campus, Gujrat, 50700, Pakistan
2Department of Physics, Queen’s University Belfast, BT7 1NN, Belfast, United Kingdom. 
3Department of Physics, GC Women University, Sialkot, Punjab, Pakistan
4Department of Physics, Hazara University Mansehra, Pakistan
5Department of Zoology, University of Gujart, Gujrat, Pakistan
6Department of Physics, Government College Balakot, 21300, (Higher Education Department-HED) Khyber Pakhtunkhwa, Pakistan
7Department of Chemistry, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia
8Department of Chemistry, Yuvaraja’s College, University of Mysore, Mysuru, Karnataka 570005, India


*Corresponding Authors Email: 
tahir.awan@uog.edu.pk; salimmansha006@gmail.com 

Supplementary Information SI-1: Physical Vapor Deposition (PVD) System
Supplementary Information SI-2: Cathodic Cage Plasma Nitriding (CCPN) System
Supplementary Information SI-3: SEM micrographs of Untreated and Plasma Treated Specimens 
Supplementary Table ST-1: Weight percentage chemical composition of Ni-Cr alloy
Supplementary Table ST-2: Sample codes and treatment conditions
Supplementary Equations SE-1: Equations used for estimating corrosion parameters

SI-1: Physical Vapor Deposition (PVD) System
The plasma chamber of the physical vapor deposition (PVD) system (SINOARC 306) has an octagonal prism shape, as shown in supplementary figure SF-2. This system consists of two magnetrons and two arc evaporators. It is based on the direct current magnetron sputtering principle. In magnetron sputtering, a magnet is inserted behind the cathodic target to increase the probability of electrons colliding with atoms and thus improve sputtering efficiency. Electrons are trapped near the target by a magnetic field and used repeatedly for ionization in this type of sputtering. A vacuum system is hooked up to the chamber for chamber evacuation. It has a stainless steel double wall structure. The chamber and cathodes are cooled by circulating water through a mesh of water pipes that runs between the walls. The cooling water inlet and outlet are all located on the back side of the chamber's lower section. Two magnetrons and two arc evaporators, as well as two viewpoints, are installed around the perimeter of the wall. Magnetrons have radii of 64 millimeters and a thickness of 70 millimeters each. A viewport is mounted on the door of the chamber, which opens to the front. A second viewport is mounted on the wall opposite the door. A planetary rotating rack is present inside the chamber for loading specimens, and it can rotate inside the chamber. For deposition, the specimens are placed in the rack.
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Supplementary Figure SF-1: Schematic of plasma chamber for physical vapor deposition (PVD) setup

SI-2: Cathodic Cage Plasma Nitriding (CCPN) System
A schematic view of the experimental setup of a cathodic cage plasma nitriding (CCPN) chamber is shown in supplementary figure SF-2.The cathodic cage plasma processing chamber is made from stainless steel 304 and has a cylindrical geometry with a 31.5 cm diameter and a 33.5 cm height. It has eight large ports (10 cm in diameter). One of them serves as a viewing port and is protected by quartz glass. The viewing port is used to observe the glow discharge as well as other plasma diagnostic techniques like optical emission spectroscopy (OES). Stainless steel covers are used to cover the other ports. Three of the chamber's four smaller ports (25 mm in diameter) are used for gas feeding, and one is used to attach a pressure gauge. One of the four medium-sized ports is connected to a vacuum pump (4 cm in diameter). The chamber's walls are grounded and serve as an anode. A negative pulsed DC voltage is applied to the cage inside the chamber, which acts as a cathode. For specimen loading, a ceramic plate is placed in the chamber's centre and inside the cage. The specimen is separated from the anode by this ceramic plate. To raise the temperature of the plasma, an external heater is connected to the chamber's bottom. A thermocouple is also connected to the specimen to measure its temperature.
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Supplementary Figure SF-2: Schematic represents the experimental setup of a cathodic cage plasma nitriding (CCPN) chamber
Supplementary Table ST-1: Weight percentage chemical composition of Ni-Cr alloy
	Element
	Ni
	Cr
	Mo
	Fe
	Si
	Mn

	wt%
	63.5
	23.0
	3.0
	9.0
	1.0
	0.5




SE-1: Equations used for estimating corrosion parameters 
The Stern-Geary formula (Stern & Geary, 1957; Yazıcı, Çomaklı, Yetim, Yetim, & Çelik, 2015) was used to calculate corrosion resistance (Rp), as shown below:

Where Rp gave corrosion resistance, Icorr corrosion current density, βa and βc are Tafel constants.
Faraday’s formula (Suprapto, Soenoko, & Gapsari, 2018) can be used for estimating the corrosion rate (CR) as given below:

Icorr stands for corrosion current density, M for molar mass, n for number of charges, and d for density of the tested material.
Furthermore, the barrier protective efficiency (η) was estimated using the corrosion current density of the base sample (Icorr-base sample) and the corrosion current density of the coated sample (Icorr-coated sample) with the following equation (Dudin, et al., 2017):

Elsener's empirical relationship (Vladescu, et al., 2017) was applied to determine the porosity () of coated thin films and can be written as

Where Rp-base sample is used for corrosion resistance of the base sample, Ecorr for corrosion potential, βa for anodic Tafel constant, and Rp-coated sample for the corrosion resistance of coated sample.
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