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Spatially Optimized Diffusion Alloys in Fire Sprinkler Pipe Applications
Abstract
	Successful fire-sprinkler-system design and layout require a solid understanding of three key factors: pressure, flow and friction loss. Each factor, individually and in combination with each other, impacts the system’s ability to deliver water effectively throughout the system in the event of a fire.
Pressure, or the energy that water carries, is delivered either by municipal water systems or an auxiliary fire pump at a specified level required to deliver water effectively throughout the system. The larger the system (and the larger the pipe used within the system), the more pressure is required.
Flow, in turn, is dictated by pressure as well as by the interaction water has with the pipe and other elements of the sprinkler system.
Friction Loss occurs as a result of the contact water has with pipe or hose walls within the system. 
As water flows through the system, it rubs against the wall of the pipe and loses energy (Isman 2010). This lost energy (or pressure, as described above) must be accounted for. The most commonly used calculation for measuring pressure loss is the Hazen-Williams Formula. The variables within the Hazen-Williams calculation1 include flow, internal diameter of the pipe and C-Factor.  C-Factor refers to how much energy water gives up as it flows through the pipe and is determined by flow, pipe diameter and friction experienced within the pipe, among other influences.  
Historically NFPA 13 Table 22.4.4.7 provides the C-Factors that are permissible to use based on the type of system being designed and the type of materials being used to construct the system. A safety margin is applied to C-Factors across the variety of available materials to account for the additional pipe wall roughness resulting from internal corrosion as the system ages.
1  The Hazen-Williams equation: ; wherein V is flow velocity, k is a conversion factor for the unit system, C is the C-factor (also known as the roughness coefficient), R is the hydraulic radius, and S is the slope energy of the line.

Internal corrosion of fire-suppression systems has been well documented over the past two decades. Failures resulting from corrosion can cause property damage, lost production time and increased maintenance and repair costs. But perhaps more frighteningly, they can result in a fire sprinkler system that fails to operate properly. As the cost of corrosion in fire-sprinkler systems continues to be studied, loss prevention and fire-sprinkler professionals are looking for more solutions to minimize the total cost of ownership and increase the service life of these critical life safety systems.  
Generally speaking, sprinkler systems are divided into two categories: wet-pipe systems (where pipes remain filled with pressurized water) and dry-pipe systems (where pipes are filled with pressurized air or nitrogen, rather than water).
Most wet-pipe fire-sprinkler systems are constructed of carbon steel, and most dry or pre-action systems are constructed of hot-dipped galvanized steel. Although exceptions can be made, this trend tends to be the norm. Previous studies on the corrosion susceptibility of pipes made from carbon and galvanized steels illustrate the potential for quick failures due to several types of corrosive forces as well as environmental conditions common to wet, dry and pre-action fire-sprinkler systems. 
A forthcoming study will report a C-Factor for HydroLogic™, ERW pipe created from Optiform® (a new class of engineered steel whose corrosion resistance is superior to galvanized or carbon steel). HydroLogic™ pipe’s C-Factor was measured after being exposed to corrosive media.  This testing was used to induce accelerated levels of corrosion commonly found in fire sprinkler system installations.  A substantial improvement in C-Factor was assigned to HydroLogic™, with implications for major cost savings as a result of improved flow.



Introduction
	Just like the structures they are designed to protect, sprinkler systems come in many sizes and configurations. The variety in design is dictated by two key factors: the size and layout of the space they will be located and the ability to successfully deliver water in case of fire. At the core of any fire sprinkler design and layout is water delivery. The piping array is what makes this possible and is undoubtedly the largest single cost component of any fire-sprinkler design. For this reason, much discussion has been had about how to maximize its effect on water delivery. 
Over the past 50 years fire-sprinkler systems have been constructed largely in the same manner, with few improvements to the overall science and technology of fire-sprinkler systems. Simplicity of design plays a major role in the effectiveness of fire-sprinkler systems in saving lives and property. There have been technological advancements in fire-sprinkler heads, valves, and types of joining methods, but overall, there has been little advancement in fire-sprinkler piping technology. 
	Historically, the most commonly used pipe standards (based on size and wall thickness) in sprinkler systems have been schedule 10 and schedule 40. More recently, engineered pipes (also commonly referred to as “Flow” pipe) and threadable thin-wall material have been introduced to improve the hydraulics of water delivery. Otherwise, there has been little innovation in fire sprinkler pipe development, as we have reached the limit of manufacturing with traditional materials. 
A recent advance in steel-sheet manufacturing and the underlying materials science has led to what might considered as one of the most significant advancements in fire-sprinkler technology in decades. Since the introduction of Bessemer’s process for steel production some 160 years ago, the steel industry has seen only evolutionary innovation, driven largely by volume and margin optimization, but rarely by functionality. 
[bookmark: _Hlk10794478]Bull Moose Tube is introducing a pipe product, leveraging steel manufactured by Arcanum Alloys, that could open a world of new possibilities in fire-suppression design. Arcanum uses spatially optimized diffusion-alloying techniques in their manufacturing methods to decouple their steel’s surface properties from its bulk properties. The resulting product is not a coating, but a metallurgically-bonded diffusion alloy on the surface of the tube that can’t be removed or damaged like a clear-coat of paint. Simply put, Arcanum has changed the surface chemistry of the steel.
Arcanum Alloys’ platform technology is capable of creating custom-made alloy compositions using many of the most metallurgically relevant chemical elements. Should the application call for it, the concentrations of alloying elements in spatially optimized diffusion alloys can vastly exceed what would traditionally be manufacturable at scale. Decoupling surface and bulk properties of steel sheet provides unparalleled material performance that cannot be delivered by any other means. The technology allows for the production of corrosion resistant fire sprinkler pipe by creating surface alloys traditionally believed to be too expensive to implement into fire sprinkler systems.
	Spatially optimized diffusion alloying of sheet steel is achieved through a two-step process. First, a proprietary slurry is roll-coated, dried in place, and recoiled onto a coil made from a proprietary grade of steel. After the slurry is applied, the coated coil undergoes a closely monitored thermal treatment process. During thermal treatment, a vapor is formed that transports metal atoms from the slurry to the surface of the steel. Because this process is done at elevated temperatures, these atoms immediately diffuse into the steel, creating a true metallurgically-bonded surface alloy. Thermal treatment of the coil material yields a surface alloy with material properties that reflect that of the alloy composition. Arcanum’s proprietary grades of steel are designed with final functionality in mind and, in the case of fire sprinkler pipe, have been designed to impart excellent formability and strength. In this case, the first 50 microns at and below the surface are alloyed into a corrosion resistant material that performs comparably to 300 series stainless grades in chloride rich test media. 
The resulting product, HydroLogic™ (the tradename for Bull Moose Tube’s pipe made from Optiform), was subjected to a five percent salt solution for 3,000 hours. The material was then sent to Missouri University of Science and Technology to measure its C-Factor. The results of these tests and their potential implications (including improved corrosion resistance and impact on system design and total cost of ownership), will be explored in subsequent papers.  
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