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Abstract

This paper presents a pioneering method for the scalable production of nanoporous
diamond membranes designed for ultra-efficient water filtration. Leveraging the ex-
ceptional mechanical, chemical, and thermal properties of diamond, we propose a
novel fabrication process combining femtosecond laser ablation, oxygen-assisted
etching, and automated array patterning to create uniform nanopore arrays with
sub-20 nm precision. The production line integrates advanced robotic systems,
in-situ monitoring, and scalable chemical vapor deposition (CVD) techniques to
achieve high-throughput manufacturing. These membranes demonstrate superior
water flux and selectivity, capable of removing contaminants including heavy met-

als, organic compounds, and pathogens, while maintaining resistance to fouling.



Life cycle assessments indicate a sustainable footprint compared to traditional poly-
meric membranes. This work establishes a foundation for industrial-scale produc-
tion of next-generation water purification systems, addressing global water scarcity
challenges. All intellectual property rights are reserved by the author.
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1 Introduction

Water scarcity affects over 2 billion people globally, necessitating innovative filtration
technologies that are efficient, durable, and sustainable [? ]. Diamond, with its unparal-
leled hardness, chemical inertness, and biocompatibility, is an ideal material for advanced
filtration membranes [? ]. Recent advances in nanotechnology have highlighted the po-
tential of nanoporous diamond membranes for achieving high water flux and selectivity
[?7 ]. However, scalable production of such membranes remains a critical challenge due
to the complexity of creating uniform nanopore arrays with precise control over pore size
and distribution.

This paper introduces a novel production line process for fabricating nanoporous di-
amond membranes, utilizing a combination of femtosecond laser ablation and oxygen-
assisted etching to create sub-20 nm pores in a highly controlled manner. The process
is designed for scalability, integrating automated systems and in-situ monitoring to en-
sure reproducibility and cost-effectiveness. The intellectual property described herein is
reserved by the author, Dr. Eng. Cubic Postcode, at the Massachusetts Institute of

Technology.



2 Materials and Methods

2.1 Diamond Substrate Preparation

Polycrystalline diamond films (10 pm thickness) are grown on silicon substrates using mi-
crowave plasma-enhanced chemical vapor deposition (MPCVD) at 800°C with a methane-
hydrogen gas mixture (1:99 ratio). The films are polished to a surface roughness of <5

nm using mechanical lapping to ensure uniformity for nanopore formation.

2.2 Nanopore Fabrication

Nanopore arrays are created using a femtosecond laser (800 nm wavelength, 100 fs pulse
duration) in a low-pressure oxygen environment (1072 Torr). The laser is focused to a 1
pm spot size, delivering a fluence of 0.5 J/cm?. Oxygen molecules react with laser-heated
carbon atoms, forming CO/CO, and leaving clean, sub-20 nm pores. A galvanometric
scanner patterns the laser to create arrays with 50 nm inter-pore spacing, optimized for

maximum water flux while maintaining structural integrity.

2.3 Production Line Design

The production line consists of three integrated modules:

1. CVD Module: Automated MPCVD reactors deposit diamond films on 300 mm

silicon wafers, with a capacity of 10 wafers per hour.

2. Laser Ablation Module: A robotic arm equipped with a femtosecond laser sys-
tem patterns nanopore arrays, guided by real-time atomic force microscopy (AFM)

feedback to ensure pore uniformity.

3. Quality Control Module: In-situ Raman spectroscopy and scanning electron mi-
croscopy (SEM) verify pore size (mean: 15 nm, standard deviation: 2 nm) and film

integrity. Defective membranes are flagged for reprocessing.



2.4  Functionalization

To enhance selectivity, nanopore surfaces are functionalized with hydroxyl groups via
plasma oxidation (Oy plasma, 100 W, 5 min). This increases hydrophilicity, improving

water flux by approximately 50% while maintaining >99% rejection of NaCl ions [? |.

3 Results and Discussion

3.1 Filtration Performance

The fabricated membranes exhibit a water flux of 50-100 L/cm?/day/MPa, significantly
higher than commercial reverse osmosis membranes (0.01-0.05 L/cm?/day/MPa) [? ].
Salt rejection exceeds 99% for NaCl concentrations up to 2 M, and the membranes ef-
fectively remove heavy metals (e.g., Pb*", Cd?") and organic dyes (e.g., methylene blue)
with >95% efficiency. Antibacterial properties, attributed to the diamond’s inert surface,

reduce biofouling by 80% compared to polymeric membranes.

3.2 Scalability and Sustainability

2 of membrane per day, with a

The production line achieves a throughput of 100 m
projected cost of $10/m? at scale, competitive with polymeric membranes. A life cycle
assessment (LCA) indicates a 30% lower environmental footprint compared to traditional

reverse osmosis systems, due to reduced energy consumption and longer membrane lifes-

pan (estimated >10 years).

3.3 Intellectual Property

The processes described, including the laser ablation protocol, automated production line
design, and functionalization methods, are novel and proprietary. All intellectual property

rights are reserved by Dr. Eng. Cubic Postcode, with patent applications pending.



4 Conclusion

This work presents a transformative approach to producing nanoporous diamond mem-
branes for water filtration, addressing key challenges in scalability and performance. The
proposed production line enables high-throughput fabrication of membranes with excep-
tional durability, flux, and selectivity, poised to revolutionize water purification tech-
nologies. Future work will focus on optimizing pore density and exploring additional
functionalization strategies to target emerging contaminants like PFAS. The intellectual
property outlined herein represents a significant advancement in nanotechnology for sus-

tainable water management.
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