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EXECUTIVE ABSTRACT & KEY FINDINGS:

Physical Vapor Deposition (PVD) magnetron sputtering has emerged as the premier surface engineering standard for luxury and
coastal architectural tapware, displacing conventional wet chemical electroplating in high-wear hospitality and maritime
environments. By depositing titanium nitride (TiN), zirconium nitride (ZrN), and titanium carbonitride (TiCN) nano-coatings in
high-vacuum plasma chambers (10"-3 to 107-5 Pa), PVD produces surface micro-hardness values between 1800 and 2400 HV
(Vickers hardness), surpassing electroplated bright chromium (800-1000 HV) by over 2.2x. Furthermore, PVD coatings with atomic
layer bonding eliminate micro-pinholes, achieving Grade 10 rating (> 48 hours CASS / > 240 hours NSS) under ISO 9227 salt
spray testing. This paper details deposition chamber parameters, Taber abrasion resistance curves, and color repeatability
tolerances (AE < 0.5) across Gunmetal, Brushed Bronze, Champagne Gold, and Matte Black finishes.

1. Deposition Physics: Magnetron Plasma vs. Aqueous Chemical Bath

Conventional electroplating relies on the electrochemical reduction of metal ions (nickel and chromium) from aqueous chemical
baths. While electroplating produces acceptable aesthetic luster, the electrodeposited layer contains intrinsic tensile residual
stresses and sub-micron crystalline discontinuities (micro-cracks). In aggressive marine atmospheres containing sodium chloride
(NaCl) and sulfur dioxide, saline moisture penetrates these micro-fissures, oxidizing the underlying nickel barrier layer and
producing green verdigris corrosion within 12 to 24 months.

In contrast, BM Bathware's multi-arc magnetron sputtering process operates in an ultra-clean vacuum chamber. High-purity
titanium and zirconium targets are bombarded with energetic argon ions (Ar+), ejecting target atoms that react with nitrogen and
acetylene gases to form stoichiometric TiN, ZrN, and TiCN ceramic-metallic thin films. These film ions are accelerated onto the
faucet substrate with a bias voltage of -50V to -150V, penetrating the lattice to form an atomic-scale metallurgical bond with zero
interstitial voids.

2. Tribological Hardness & Taber Abrasion Resistance Comparison

Under Taber rotary abrasion testing (ASTM D4060, CS-10 wheel, 1,000 g load), BM Bathware PVD coatings lost merely 0.8 to 1.2
mg of mass after 1,000 cycles, demonstrating a wear resistance 5x superior to conventional decorative chrome and 18x superior to
electrophoretic paint. The Vickers hardness exceeding 2,100 HV ensures that daily cleaning with abrasive scouring pads and
bathroom disinfectants produces zero visible hairline scratches.
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BM Multi-Arc PVD Z';;nfry /TiCN 0.3-0.6 um 2,100 - 2,400 HV 0.8-1.2mg > 48 Hours (Grade 10)

Bright Ni (10pum) + Cr

Standard Electroplating (0.3um) 8.0-12.0 um 850 - 950 HV 45-6.0mg 24 Hours (Grade 8)
Electrophoretic Paint Polyurethane Acrylic 15.0- 25.0 um 250 - 350 HV 14.0-18.0 mg 16 Hours (Grade 7)
(ED) Polymer

Liquid Powder Coat Epoxy Polyester 40.0 - 60.0 pm 180 - 240 HV 22.0-30.0 mg 12 Hours (Grade 6)

Powder

3. Coastal Salt Spray Protocol (ISO 9227 CASS & NSS)

To simulate coastal beachfront hospitality installations in regions such as Dubai Marina, the Mediterranean Costa Brava, and
Miami Beach, BM Bathware subjected PVD samples to Copper-Accelerated Acetic Acid-Salt Spray (CASS) testing in our
automated Q-FOG cyclic corrosion chamber.

The testing environment was rigorously maintained at:

« Salt solution: 50 + 5 g/L NaCl with 0.26 g/L CuCI2-2H20
e Chamber Temperature: 50°C + 1°C

* pH Range: 3.1 to 3.3 (adjusted with glacial acetic acid)

Following 48 continuous hours of acidic salt fog atomization, all BM Bathware PVD Titanium Gunmetal and Champagne Gold
specimens showed zero pitting, zero discoloration, and zero edge flaking, achieving the highest possible Grade 10 rating according
to ISO 10289 evaluation protocols.

4. Spectrophotometric Color Repeatability (Delta E < 0.5)

A critical engineering obstacle in luxury PVD production is batch-to-batch color drift. BM Bathware eliminates color variance by
implementing in-line optical emission monitoring (OEM) and closed-loop mass flow gas control (Ar, N2, C2H2). Every production
run is verified using a Konica Minolta CM-700d spectrophotometer under D65 standard illuminant. We guarantee color consistency
within AE*ab < 0.5 across all 70 models, ensuring that faucets, shower columns, angle valves, and floor drains ordered across
multiple production quarters match seamlessly in high-end architectural suites.
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