The Applied Metallurgy of Traditional
Bladesmithing in Berlin: A
Comprehensive Analysis of Forging,
Edge Geometry, and Thermomechanical
Processing

The transformation of raw, annealed steel into high-performance culinary implements
represents a sophisticated synthesis of applied kinetic energy, localized thermal manipulation,
and controlled phase transformations'. In the context of Berlin, Germany, a city possessing
both a rich industrial history and a contemporary artisanal revival, traditional bladesmithing has
experienced a profound resurgence®. Historic locations such as the Rixdorfer Schmiede at
Richardplatz—which has operated continuously for over 400 years—and modern collaborative
spaces like the Schmiede im Hof in Pankow and the self-managed Linienhof Metallwerkstatt in
Treptow, serve as vital pedagogical ecosystems for this craft®. For the hobbyist or independent
practitioner operating within these urban workshop environments, mastering the fabrication of
specific edge tools, such as the precision chef's knife and the heavy-duty cleaver, requires a
rigorous understanding of metallurgical physics, crystalline lattice structures, and thermal
kinetics'.

This exhaustive report provides a systematic analysis of the metallurgical and tribological
processes required to forge, heat-treat, and grind high-carbon steel culinary knives. It
delineates the thermodynamic parameters for oil quenching across three foundational alloys
(AISI 1084, AISI 5160, and DIN 1.2510), explores the structural mechanics of edge geometry, and
investigates the physics of bevel grinding utilizing repurposed natural abrasives sourced from
the regional Brandenburg geology.

Workshop Ecology and Occupational Safety Protocols

Before engaging in thermomechanical processing, the establishment of a safe, compliant, and
metallurgically sound working environment is paramount. The German Social Accident
Insurance (DGUV) and the Technical Rules for Hazardous Substances (TRGS) mandate strict
guidelines for metalworking environments to mitigate acute and cumulative physiological
hazards'.

Kinetic Reflection and Acoustic Dampening

The anvil serves as the primary interface for kinetic energy transfer during the forging process.
For optimal mechanical efficiency, engineering standards suggest a minimum anvil-to-hammer
mass ratio of 20:1". When utilizing repurposed industrial scrap, such as decommissioned
railroad track segments, the geometric orientation of the mass dictates energy conservation.
Mounting a rail segment vertically maximizes the solid column of steel directly beneath the



hammer, eliminating the elastic flex inherent to the horizontal web, thereby maximizing the
plastic deformation of the hot workpiece'.

Acoustic resonance presents a severe occupational hazard in the smithy. The kinetic energy
not consumed by the plastic deformation of the hot steel excites the natural resonant
frequencies of the anvil, generating high-frequency acoustic vibrations that can easily exceed
the 80 to 85 dB(A) threshold for noise-induced hearing loss outlined in DGUV Rule 109-607 and
DGUV Information 212-003". To silence the anvil, its mass must be mechanically coupled to a
dense wooden stand utilizing a continuous elastomeric barrier, such as silicone caulk. This
creates a severe acoustic impedance mismatch, dissipating the high-frequency acoustic
energy as trace thermal energy and effectively neutralizing the auditory hazard'.

Atmospheric Hazards: Carbon Monoxide and Particulates

Solid-fuel forges and poorly tuned atmospheric gas forges generate high concentrations of
carbon monoxide (CO), an odorless gas with a binding affinity to hemoglobin exponentially
higher than that of oxygen, leading to rapid systemic asphyxiation'. DGUV regulations outline
strict exposure thresholds for emergency and continuous operations. An attention threshold is
triggered at 60 ppm, while concentrations exceeding 200 ppm mandate immediate withdrawal
from the environment, as standard filter respirators are entirely ineffective against CO'.
High-volume cross-ventilation or localized industrial exhaust extraction is strictly required’.
Furthermore, when utilizing gas heating processes, nitrogen oxides (NOx) pose a severe threat
of toxic pulmonary edema. The occupational exposure limit (Arbeitsplatzgrenzwert, AGW) for
nitrogen monoxide (NO) is heavily restricted to 2 ppm, and nitrogen dioxide (NO2) to 0.5 ppm'“.
The abrasive processing of natural stones and the fabrication of traditional refractory linings
introduce the critical risk of respirable crystalline silica (quartz dust). According to TRGS 559
(Mineralischer Staub), the occupational exposure limit for alveolar quartz dust (A-Staub) is set
at an exceptionally strict 0.05 mg/m®. Inhalation causes silicosis, a severe and irreversible
fibrotic lung disease. To comply with the STOP principle (Substitution, Technical, Organizational,
Personal protective measures), all grinding and refractory mixing must be conducted
exclusively as wet-work processes, supplemented by P3 or FFP3 particulate filtration and
localized dust extraction systems'.
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Crystalline Silica Grinding natural 0.05 mg/m® (TRGS Wet-grinding

(Quartz) stone, mixing 559) exclusively, FFP3
refractory filtration.
Zinc Oxide Fume Heating galvanized Sub-micron Strict prohibition of
steel above 400°C particulate limit galvanized stock in
the forge.

Metallurgical Characterization of Foundational Alloys

The selection of the specific steel alloy dictates every thermodynamic parameter of the forging
and heat-treating process. Carbon content governs the maximum potential hardness, while
secondary alloying elements—such as chromium, manganese, tungsten, and vanadium—alter
the critical cooling rate, the depth of hardening, and the precipitation of wear-resistant
carbides'.

AISI 1084: The Eutectoid Baseline

AISI 1084 is a fundamental high-carbon steel containing approximately 0.80% to 0.84% carbon
and 0.60% to 0.90% manganese'. Resting precisely near the eutectoid point of the iron-carbon
phase diagram, it lacks the complex secondary carbides found in highly alloyed steels. It enters
complete solid solution at relatively low austenitizing temperatures without the necessity for
extended soak times, making it exceptionally forgiving for practitioners operating with visual
pyrometry rather than calibrated kilns'. However, its lack of deep-hardening elements renders it
a shallow-hardening steel, necessitating a highly aggressive quench medium to extract thermal
energy fast enough to bypass the formation of pearlite’.

AISI 5160: Hypoeutectoid Spring Steel

AISI 5160 contains 0.56% to 0.64% carbon, 0.75% to 1.00% manganese, and 0.70% to 0.90%
chromium’. The chromium addition heavily suppresses the diffusion rate of carbon, shifting the
Time-Temperature-Transformation (TTT) and Continuous Cooling Transformation (CCT) curves
to the right, allowing for deeper hardenability in slower, more forgiving quench mediums’. At
approximately 0.60% carbon, 5160 forms predominantly tough "lath" martensite rather than
brittle "plate" martensite’. This yields extraordinary Charpy V-notch impact toughness—often
testing at 30 to 40 Joules of absorbed impact energy at a hardness of 57 to 58 HRC—making it
the premier choice for heavy-duty cleavers subjected to severe kinetic shock?,

DIN 1.2510 (AISI O-1): Deep-Hardening Tool Steel

DIN 1.2510 represents a significant leap in metallurgical complexity. It is a hyper-eutectoid
matrix highly alloyed with 0.90% to 1.05% carbon, 1.00% to 1.20% manganese, 0.50%
chromium, and 0.50% tungsten, with trace vanadium'. The tungsten and chromium generate
complex, extremely hard carbides that impart superior wear resistance and edge retention. O-1
demands precise temperature control and extended soak times (typically 10 to 30 minutes) at



austenitizing temperatures to adequately dissolve these carbides into the austenitic matrix'. Its
high hardenability provides exceptional dimensional stability during oil quenching, minimizing
structural warp in thin cross-sections'.

Alloy Nominal Key Alloying Primary Ideal
Designation Carbon (C) Elements Metallurgical Quenchant
Characteristic | Speed
AISI 1084 0.80% - 0.84% Mn Eutectoid Fast (e.g.,
(0.60-0.90%) baseline; highly = Parks 50)
forgiving
thermal cycles;
shallow
hardening.
AISI 5160 0.56% - 0.64% Cr Hypoeutectoid Medium (e.g.,
(0.70-0.90%), ; extreme Canola)
Mn impact
(0.75-1.00%) toughness;
forms lath
martensite.
1.2510 (O-1) 0.90% - 1.05% W (0.50%), Cr Hyper-eutectoi = Medium (e.g.,
(0.50%), Mn d; high wear AAA)
(1.00-1.20%) resistance;
excellent
dimensional
stability.

Thermodynamics of Forging and Microstructural

Control

The physical deformation of high-carbon steel under the hammer induces severe structural
degradation, generating massive crystalline grains and intense internal stress differentials’.
Precision culinary tools require an iterative process of microstructural refinement prior to
hardening to ensure the final edge geometry can withstand applied forces without brittle

fracture.

Thermal Cycling and the Hall-Petch Relationship

Normalizing involves heating the steel slightly above its upper critical temperature to form

face-centered cubic (FCC) austenite, then allowing it to cool exclusively in still ambient air'. This



phase shift is highly endothermic; as the steel crosses the transformation threshold, it absorbs
massive amounts of thermal energy to fuel the atomic rearrangement without increasing in
physical temperature. This is visually observable to the attentive blacksmith as a dark, moving
shadow passing across the incandescent metal, a phenomenon known as decalescence'. Upon
air cooling, the reverse exothermic reaction, recalescence, occurs as the lattice transforms
back into a body-centered cubic (BCC) pearlitic structure, nucleating entirely new, smaller
grains'.

Iterative, descending normalization cycles are utilized to drastically reduce the average grain
diameter. The physical relationship between microscopic grain size and macroscopic material
strength is mathematically quantified by the Hall-Petch equation:

oy, = 09+ kd /2

Where Ty is the yield strength, 70 is the friction stress of the crystal lattice, " is the locking

parameter (the effectiveness of grain boundaries as physical barriers), and d is the average
grain diameter’. During plastic deformation, microscopic defects (dislocations) attempt to
move through the material. Grain boundaries act as severe impediments to this propagation’.
An exponential increase in grain boundary density—achieved by reducing the grain size to less
than 4 microns—results in a massive, simultaneous increase in both yield strength and impact
toughness, as propagating micro-cracks are repeatedly arrested and forced to change
direction’.

For highly alloyed hyper-eutectoid steels like 1.2510, advanced practitioners often utilize a
Divorced Eutectoid Transformation (DET) anneal. By briefly soaking the steel just above the A1
transformation temperature and cooling, pre-existing undissolved carbides act as massive
nucleation sites. This precipitates carbon as tiny, isolated spheres (spheroidite) suspended in a
soft ferrite matrix, providing peak machinability and an ideal, homogenous pre-quench
condition'.

The Kinetics of Decarburization

At elevated forging and austenitizing temperatures, the carbon located at the steel's surface
reacts aggressively with atmospheric oxygen, water vapor, and carbon dioxide, vaporizing into
carbon monoxide and leaving behind a soft, unhardenable layer of pure iron (free ferrite)'. This
metallurgical degradation, known as decarburization, operates via a two-way solid-state
diffusion process driven by a concentration gradient’°. Carbon from the interior diffuses
toward the surface, while oxygen diffuses inward™.

The rate of carbon diffusion in the FCC austenite phase is governed by the Arrhenius equation
for diffusivity:



D = Dyexp(~Q/RT)

Q

Where Dy is the maximal diffusion coefficient, ™ is the activation energy, R is the universal

gas constant, and T is the absolute temperature“®. The depth of the resulting decarburized

layer over time can be calculated utilizing the error function (ETf(z) ), demonstrating that the
depth is parabolic with respect to time and exponentially dependent on temperature®. For
instance, a 0.60% carbon steel held at 1250°C in an oxygen-rich atmosphere will develop a
decarburized depth of 2.0 mm in just a fraction of a day, rendering a thin knife edge completely
unhardenable”’.

To mitigate decarburization in a rudimentary open-atmosphere gas or solid-fuel forge, the
implementation of a "muffle pipe" is highly recommended. A capped steel tube is placed
horizontally within the forge, containing the blade alongside a small volume of combustible
organic material, such as wood or charcoal'. As the pipe heats, the charcoal combusts, entirely
consuming the free oxygen within the enclosed space and generating a protective, reducing
carbon monoxide atmosphere'. Because carbon possesses a higher chemical affinity for
oxygen than iron does at these temperatures, this completely insulates the blade from both
scale formation and decarburization, ensuring uniform heating and preserving the engineered
carbon content at the microscopic cutting apex’.

Austenitizing, Quenching Kinetics, and Hardenability

The physical act of quenching—extracting thermal energy from the steel fast enough to bypass
pearlite formation and trap carbon within the crystal lattice—relies entirely on the specific
alloy's hardenability profile. This profile is mapped using Time-Temperature-Transformation
(TTT) and Continuous Cooling Transformation (CCT) diagrams’.

Austenitizing Parameters: The Lath vs. Plate Martensite Dynamic

A fundamental error in thermomechanical processing is assuming that driving maximum
carbon into solid solution yields optimal final performance. When the carbon content dissolved
in the austenite solution exceeds approximately 0.60%, the morphological structure of the
resulting martensite fundamentally changes upon quenching'. At lower carbon levels (such as
the 0.60% found in 5160), martensite forms in a microscopic "lath" structure—long, parallel,
highly dislocated sub-grains that possess remarkably high toughness alongside extreme
hardness'.

However, as the carbon in solution climbs toward 0.80% and 1.00% (as possible in 1084 and
1.2510), the structure transitions aggressively into "plate” martensite’. Plate martensite crystals
form via a twinning mechanism and violently impinge upon one another during the rapid
cooling of the quench, physically cracking each other at a microscopic level'. These inherent
microcracks act as severe stress risers, rendering plate martensite inherently brittle and prone
to chipping, regardless of subsequent tempering'.



Therefore, for hyper-eutectoid steels like 1084 and 1.2510, the austenitizing temperature must
be kept strictly controlled (e.g., 1,475°F to 1,500°F / 800°C to 815°C) to ensure that only about
0.60% of the carbon enters solution’. This deliberate restriction forces the steel to form tough
lath martensite, while leaving the remaining excess carbon undissolved as microscopic, hard
carbides scattered throughout the matrix to drastically enhance wear resistance and edge
retention’.

Quenchant Selection and The Jominy End-Quench Test

The selection of a quenching medium is entirely dependent on the position of the TTT
diagram's "nose"—the temperature zone (typically 1,000°F to 1,100°F) where austenite is highly
unstable and most rapidly decomposes into soft pearlite’. The critical cooling rate is the
minimum velocity required to drop the steel's temperature below this nose before the pearlite
reaction can nucleate'. The empirical measurement of an alloy's hardenability is standardized
globally via the ASTM A255 Jominy End-Quench test, where a highly controlled jet of water is
sprayed exclusively against the bottom face of a fully austenitized cylindrical bar, creating a
reproducible cooling gradient to measure the depth of martensitic conversion'.

Because 1084 lacks deep-hardening alloys, the nose of its TTT curve is located extremely far to
the left. It requires an engineered "fast" quenching oil, such as Parks 50, to drop the steel below
1,000°F in under one second'. Fast oils possess low viscosity and proprietary wetting agents
designed to instantly break the "vapor jacket"—the insulating envelope of boiled, vaporized oil
that surrounds hot steel—transitioning the process instantly into the nucleate boiling phase to
extract heat at maximum velocity’'.

Conversely, the heavy additions of chromium, tungsten, and manganese in 5160 and 1.2510
physically impede the diffusion of carbon out of the lattice, drastically shifting the nose of the
TTT curve to the right'. Their critical cooling rates are much slower. Quenching these
deep-hardening alloys in a hyper-fast oil introduces unnecessarily severe thermal gradients
that generate transient microscopic tensile stresses exceeding the yield strength of the
material, easily resulting in catastrophic quench cracking'. Instead, a medium-speed
engineered oil, such as Houghton AAA, or commercially available canola oil pre-warmed to
120°F-130°F (to reduce viscosity and increase convection), must be utilized to provide a
controlled cooling curve that minimizes internal stress while still achieving full martensitic
transformation’.

Cryogenics, Retained Austenite, and Bainite Alternatives
Directly out of the quench, the transformation to martensite is rarely complete. The

transformation is diffusionless, beginning at the Martensite Start (MS ) temperature and

concluding at the Martensite Finish (Mf ) temperature’. Dissolved carbon significantly
depresses both temperatures. Consequently, highly alloyed steels like 1.2510 often possess

f temperatures well below standard room temperature’. Halting the quench at room
temperature leaves between 10% and 25% of the steel's volume as soft, ductile, metastable
retained austenite (RA)".



To force the completion of the transformation, the steel must undergo cryogenic sub-zero
processing. Plunging the freshly quenched blade into a slurry of dry ice and acetone (-100°F /
-73°C) or directly into liquid nitrogen (-310°F / -190°C) converts the vast majority of the residual
RA into untempered martensite, raising the overall hardness by 1 to 2 HRC and drastically
improving dimensional stability’. RA begins to thermally stabilize rapidly at room temperature; if
the blade sits for more than an hour before cold treatment, the cryogenic process loses its
efficacy’.

An alternative to martensitic quenching is austempering to form lower bainite. By quenching

the steel into a molten salt bath held precisely at 400°F (204°C)—above the M, point but
below the pearlite nose—and holding it isothermally for up to two hours, the austenite
transforms into a unique feathery microstructure known as bainite?’. While bainite in O-1or
5160 yields a slightly lower hardness (approximately 56-58 HRC) compared to martensite, it
possesses exceptional inherent toughness and entirely eliminates the risk of quench cracking
and distortion®2.

Tempering Mechanics and Impact Toughness

Whether cryogenically treated or austempered, freshly formed martensite is utterly unsuitable
for kinetic impact, saturated with internal mechanical stress that can cause the blade to shatter
like glass'. Tempering involves reheating the steel to sub-critical temperatures, allowing
trapped carbon atoms to precipitate out of the highly strained Body-Centered Tetragonal
(BCT) lattice to form microscopic, stress-relieving iron carbides'. For cutting tools, tempering is
universally performed in a double-cycle (e.g., two cycles of two hours each, cooling to room
temperature in between) to ensure that any fresh, untempered martensite formed from
retained austenite during the cooling phase of the first temper is subsequently tempered
during the second cycle'.

The time and temperature required to achieve a specific target hardness can be calculated
using the Hollomon-Jaffe parameter, which governs the time-temperature equivalence in
tempering:

P =T(C + logy, t)

Where P is the parameter mapping to a specific hardness drop, T is the absolute

temperature, ~ is the holding time, and ¢ is a material-specific constant®®.

Mitigating Tempered Martensite Embrittlement (TME)

Metallurgists have identified a highly dangerous phenomenon known as Tempered Martensite
Embrittlement (TME), occurring when steels are tempered in the specific thermal window of
450°F to 600°F (232°C to 315°C)". Within this thermal trough, cementite aggressively
precipitates and forms continuous, brittle films along the boundaries of the martensite laths.
This results in a massive, paradoxical drop in impact toughness, rendering the steel significantly



more brittle than if it had been tempered at a lower temperature'.

Exhaustive Charpy V-notch testing on unnotched 5160 specimens demonstrates this effect
clearly. When austenitized at 1,525°F (830°C) and tempered at 400°F (204°C), 5160 achieves
peak toughness, absorbing nearly 40 Joules of energy while maintaining a hardness of
58.5-59.5 HRC?. However, tempering at 350°F results in a sharp, unexpected drop in
toughness for only a nominal gain in hardness, while tempering at 450°F drops the steel directly
into the TME trough, devastating both hardness and impact resistance®.

Target Primary Optimal Cryogeni = Temperi Target Charpy
Alloy Applicati Austeniti c Step ng Hardnes Impact /
on zing Protocol s Notes
AlSI Chef's 1,475°F Optional 400°F 60 - 61 High
1084 Knife (800°C) (204°C) x HRC edge
2 hrs, stability;
twice bypasses
TME.
1.2510 Chef's 1,475°F Highly 400°F 60 - 62 Maximum
(O-1) Knife (800°C) Recomm (204°C) x HRC wear
ended 2 hrs, resistanc
twice e;
stabilizes
RA.
AISI 5160  Heavy 1,525°F Optional 375°F - 58 - 59 Peak
Cleaver (830°C) 400°F x 2 HRC Charpy
hrs, twice toughnes
s (30-40
Joules).

Structural Mechanics, FEA, and Edge Geometry

The physical cross-sectional geometry of the blade apex dictates its cutting efficiency, wedge
resistance, and durability against lateral deflection. Standardized testing via the Cutlery and
Allied Trades Research Association (CATRA) definitively proves that edge geometry has a far
greater impact on cutting performance and edge retention than the underlying steel alloy®’. In
standardized tests, an inferior AUS-6 stainless steel sharpened to an acute 27° inclusive angle
(13.5° per side) matched the edge retention of the highly wear-resistant CPM-154 steel
sharpened at 34°, and equaled the extreme-carbide S110V steel sharpened at 41°%. For the vast
majority of knife steels, geometric optimization completely washes out chemical alloy



advantages®’.

Pre-Quench Geometry and Warp Mitigation

Before the steel is plunged into the quenchant, its physical thickness dictates its survival. The
volumetric expansion of martensite causes severe stresses. If the primary bevels are ground
excessively thin prior to heat treatment, the massive thermal gradients between the rapidly
cooling edge and the thicker, heat-retaining spine cause the thin edge to violently buckle into
an unrecoverable sinusoidal wave pattern known as "bacon edge"'. Empirical guidelines dictate
that the cutting edge must be left no thinner than 1.0 mm (approximately 0.040 to 0.050
inches) prior to the quench’. Finite Element Analysis (FEA) of cooling stresses further validates
that reserving final bevel refinement for post-quench abrasive processing prevents
catastrophic warp propagation®. To deal with the inevitable downward curve caused by the
spine cooling slower than the edge in oil, bladesmiths often intentionally pre-curve the blade
upwards during the final forging heat*°.

The Precision Chef's Knife (Gyuto/Western Hybrid)

A chef's knife is designed for frictionless slicing through cellular structures. Its defining
geometric trait is an aggressive distal taper—measuring approximately 2.0 mm to 2.5 mm at
the spine near the handle, and tapering smoothly to a delicate tip.

The primary bevel is ground to an exceptionally thin cross-section directly behind the edge
(BTE). At 10 mm behind the cutting apex, the blade thickness should ideally measure between
1.0 mm and 1.1 mm, tapering down to a BTE thickness of 0.1 mm to 0.2 mm (0.004 to 0.008
inches) directly above the micro-bevel’. This acute thinness minimizes the wedging effect,
allowing the blade to fall through dense root vegetables with near-zero resistance®. The
primary grind is often slightly convex (hamaguri), with a pronounced shoulder transitioning into
a flat face roughly 15 mm from the edge to aid in food release.

The final secondary edge angle (the micro-bevel) is typically established at 15° to 17° per side
(30°-34° inclusive)®*. Because highly refined structures like 1.2510 and 1084 can reach 60+
HRC, their rigid martensitic matrix provides sufficient yield strength to support these low
angles without plastic deformation (edge rolling) during contact with cutting boards®“.
Recent advancements in Blade Sharpness Index (BSI) calculations incorporate a

micro-geometry factor (5 ), revealing that a microscopically rough, "toothy" edge finish
(achieved via lower grit abrasives) combined with hard vanadium or tungsten carbides (as
found in O-1) acts as a microscopic saw, drastically improving slicing aggression through
fibrous materials compared to a mirror-polished edge®®.

The Heavy Cleaver

Conversely, the heavy cleaver is subjected to immense kinetic shock against bone, cartilage,
and dense connective tissue. A BTE thickness of 0.1 mm would suffer catastrophic brittle
fracture (micro-chipping) under such dynamic loads, regardless of the steel's toughness®'.

The cleaver is forged with a thick, parallel spine ranging from 3.0 mm to 4.7 mm (1/8" to 3/16")
with minimal distal taper to maximize forward mass and momentum®. The primary grind
originates halfway up the blade face and is heavily convexed?. The convexity places vastly more



steel directly behind the apex, acting as a structural buttress that absorbs and dissipates kinetic

shock®.

Prior to setting the final edge, the BTE thickness should measure approximately 0.5 mm to 0.7
mm (0.020-0.030 inches)®. The final cutting bevel is ground to a robust 25° to 30° per side
(50°-60° inclusive)®“. Paired with the extreme Charpy impact toughness of 5160 lath
martensite, this obtuse geometry guarantees structural survival during violent, high-friction
impact tasks, preventing both edge rolling and severe plastic deformation®.

Implement Spine BTE Primary Final Apex Primary
Profile Thickness Thickness Grind Angle Mechanical
(Pre-Sharp Architectu Function
ening) re
Chef's 2.0 mm - 0.1 mm - Flat to slight = 15°-17°per | Frictionless
Knife 2.5mm 0.2mm convex side slicing;
(Hamaguri) cellular
separation;
low
wedging.
Heavy 3.0mm - 0.5 mm - Heavy 25°-30° Kinetic
Cleaver 4.7 mm 0.7 mm Convex per side shock
(half-height absorption;
) bone
cleaving;
fracture
resistance.

Abrasive Tribology: Repurposed Brandenburg
Sandstone

While modern synthetic abrasives (aluminum oxide, silicon carbide) are ubiquitous in industrial
settings, the traditional Berliner bladesmith can utilize natural resources deposited during
Pleistocene glacial retreats. The region of Brandenburg surrounding Berlin is rich in Findlinge
(glacial erratic boulders) and sedimentary sandstones of Carboniferous, Permian, and
Cretaceous origins®’. These silica-based stones can be flattened and repurposed into highly
effective whetstones for final bevel refinement, continuing an anthropological practice of tool
grinding that dates back over 30,000 years®’.

The Mechanics of Aqueous Slurry Grinding
Grinding on natural sandstone is a complex tribological process that relies entirely on a



continuous aqueous interface. Unlike fixed-abrasive synthetic belts, natural sandstone
functions via a three-body abrasive wear mechanism’?. As the hardened steel is drawn across
the stone, friction dislodges brittle quartz particles from the stone's relatively weak binder
matrix. These free-floating quartz particles mix with the water to form a highly abrasive, rolling
slurry”".

The material removal rate (MRR) of this process can be conceptually modeled by the Preston
equation:

MRR=K-P-V

Where P is the applied downward pressure, 4 is the relative velocity of the blade across the

stone, and K is the Preston constant, which incorporates the complex rheology of the slurry,
the hardness of the quartz particles, and the hardness of the steel matrix’®. Research indicates
that MRR increases linearly with the concentration of solid abrasive particles suspended within
the slurry’®. Therefore, the practitioner must constantly balance the slurry concentration;
applying too much water flushes away the active cutting particles, drastically dropping the
MRR and causing hydrodynamic hydroplaning, while too little water causes the pores of the
stone to clog with steel swarf (loading), entirely halting the grinding action”".

Mitigation of Thermal Microcracking

A critical, often overlooked advantage of hand-grinding over natural water stones is the
complete elimination of grinding burn and thermally induced residual stresses. High-speed
synthetic grinding machines generate immense localized friction’®. If the surface temperature
of the blade apex exceeds the initial tempering temperature during mechanical grinding, the
steel undergoes localized over-tempering, forming over-tempered martensite (OTM), which
drastically softens the edge and introduces tensile residual stresses’®. Worse, if localized
temperatures exceed the austenitizing threshold, the surface rapidly re-hardens upon ambient
cooling into untempered martensite (UTM), identifiable as a brittle "white layer" under
microscopy, which immediately introduces massive microcracking and catastrophic edge
failure’.

The low-velocity, highly lubricated action of manual grinding on wet Brandenburg sandstone
guarantees that kinetic friction never generates sufficient thermal energy to alter the
established crystalline lattice®”. The continuous water flow acts as both a vehicle for the
abrasive slurry and a highly efficient thermal heat sink, preserving the precise, engineered
metallurgical properties established during the heat treatment process and maintaining the
beneficial residual compressive stresses at the cutting edge”".

Progressive Refinement and The BSI Factor

A properly flattened piece of dense, fine-grained Brandenburg sandstone behaves similarly to
a 600-to-1000 grit (15 to 25 micron) synthetic stone®. It removes metal at a modest,
controllable rate, replacing the coarse, deep scratches of pre-heat-treat belt grinding with a



uniform, frosted finish along the primary bevel®°.
For the heavy cleaver, the edge finished directly on the natural sandstone is perfectly

adequate, and arguably superior. It provides a microscopically "toothy" apex (maximizing the

geometric 3 factor) that bites aggressively into organic material and resists the plastic
deformation associated with highly polished, thin edges®®. For the chef's knife, the sandstone
establishes the foundational geometry, erasing any geometric inconsistencies before the apex
is taken to final, mirror-polished refinement on higher-grit (>3000 grit / 4 micron) ceramic or
synthetic media, minimizing friction for clean cellular separation®°.

Conclusion

The successful fabrication of high-performance culinary tools within the context of a traditional
Berlin workshop transcends basic metalworking; it demands an intimate synchronization of
thermodynamic control, structural engineering, and tribology. By understanding the distinct
chemical roles of carbon, chromium, and tungsten within AISI 1084, 5160, and DIN 1.2510, the
practitioner can accurately predict hardenability profiles, select the precise quench velocities
required to bypass pearlite transformation, and isolate specific martensitic morphologies to
maximize the Hall-Petch grain refinement relationship.

The unparalleled slicing precision of a chef's knife is achieved through acute geometric thinning
and a low BTE thickness, supported by the rigid, wear-resistant matrix of a hyper-eutectoid
steel. Conversely, the kinetic survival of the heavy cleaver relies entirely on the
shock-absorbing properties of hypoeutectoid lath martensite, tempered carefully to avoid the
TME trough, and combined with a robust, convex structural buttress. Furthermore, the
integration of local geological resources, such as the aqueous processing of blades on
repurposed Brandenburg sandstone, not only roots the craft within the historical context of the
region but provides a superior, thermally safe method of final geometric refinement that
protects the integrity of the martensitic lattice. Through strict adherence to these metallurgical
principles and comprehensive occupational safety protocols governing atmospheric and
acoustic hazards, the modern practitioner can consistently forge tools of unparalleled
resilience, sharpness, and operational longevity.
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DGUV Regel 109-607: Branche Metallbau — medien.bgetem.de,
https://medien.bgetem.de/medienportal/artikel/MTASLT YWNw--

Quarzstaub: Berufsgruppen und Grenzwerte - Team Direkt,
https://team-direkt.de/quarzstaub-und-berufsgruppen-eine-tiefgehende-analys
el

Messsysteme zur Bestimmung der individuellen Schutzwirkung von,
https://www.bgbau.de/service/angebote/medien-center-suche/medium/messsyst
eme-zur-bestimmung-der-individuellen-schutzwirkung-von-gehoerschutz
DGUV Regel 109-607 - Branche Metallbau - BGHM,
https://www.bghm.de/fileadmin/user _upload/Arbeitsschuetzer/Gesetze Vorschrift
en/Regeln/109-607.pdf

Kohlenmonoxid - GESTIS-Stoffdatenbank - DGUV,
https://gestis.dguv.de/data?name=001110

FBFHB-021 Einsatz von Kohlenmonoxidwarngeraten,
https://publikationen.dguv.de/widgets/pdf/download/article/3933

Nitrose Gase beim SchweiBen und bei verwandten Verfahren,
https://publikationen.dguv.de/widgets/pdf/download/article/500

Branchenlosung Asbest beim Bauen im Bestand - Innung Kreis Wesel,
https://www.innungshkkreiswesel.de/fileadmin/Dateiliste/Dokumente/Dokumente/

Branchenloesung_Asbest_beim_Bauen_im_Bestand.pdf
StaubschutzmaBnahmen - BAUA,

https://www.baua.de/DE/Angebote/Veranstaltungen/Dokumentationen/Gefahrsto
ffe/pdf/Gefahrstofftag-2015-2.pdf? blob=publicationFile&v=2
aktuelles, Autor bei Rixdorfer Schmiede,

https://www.rixdorferschmiede.de/author/ambostah2913/
Cold Work Tool Steel Grades Guide — D2, A2, O1 Compared [2026],

https://www.nantiansteel.com/newsinfo-cold-work-tool-steel-grades-quide.html
Heat Treating Data Book - seco/warwick,
https://www.secowarwick.com/wp-content/uploads/2017/03/HeatTreatingDataEB
00k.2011.pdf

Final steel thickness for chef's knife and also best practice on final,
https://knifedogs.com/threads/final-steel-thickness-for-chefs-knife-and-also-be
st-practice-on-final-sharpening.51792/

. The Time-Temperature-Transformation Curve,

https://gearsolutions.com/departments/hot-seat/the-time-temperature-transfor
mation-curve/

AlSI 5160 Spring Steel - Fushun Special Steel,
https://www.fushunspecialsteel.com/aisi-5160-spring-steel/
Product Manual - Encore Metals,

https://www.encoremetals.com/wp-content/uploads/2024/02/Encore-Metals-Pro
duct-Manual_2016-Final.pdf

Size of edge resulting from sharpening? | Kitchen Knife Forums,
https://www.kitchenknifeforums.com/threads/size-of-edge-resulting-from-sharp
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Understanding TTT and CCT Diagrams | PDF | Heat Treating - Scribd,
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https://www.scribd.com/document/633825469/Capili-Jefferson-11
Team-Schmiedekurs bis 20 in Berlin-Pankow - konfetti,

https://gokonfetti.com/de-de/e/schmiedekurs-als-teamevent-in-berlin-gzmpdz/
5160 Steel: Properties, Heat Treatment & Uses - OceanPlayer Laser,

https://oceanplayer.com/5160-steel-properties-heat-treatment-uses/
5160 High Carbon Spring Steel: Properties, Uses, Products,
https://steelprogroup.com/tool-steel/grades/5160/

How to Heat Treat 5160 - Optimizing Toughness - Knife Steel Nerds,

https://knifesteelnerds.com/2019/04/01/how-to-heat-treat-5160/
Vita - schmiedekurse-berlin,

https://www.schmiedekurse-berlin.de/%C3%BCber-uns/
1.2842 (1.2510*) - HASCO,

https://media.hasco.com/marketing/Produkt/ WDB/EN/1.2842_1.2510_WDB_EN.pdf

bohler k460, http://www.unisonmetals.com.tw/bohler/pdf/K460DE.pdf

Steel Annealing Temperature Insights | PDF - Scribd,

https://www.scribd.com/document/502569838/Understanding-HT

How to Heat Treat Steel: 2025 Complete Guide - uneed,

https://www.uneedpm.com/how-to-heat-treat-steel-2025-complete-quide/

Messerbau- und Schmiedekurs - der Sommerwerkstatt Sehlsdorf,

https://www.sommerwerkstatt-sehlsdorf.de/messerbau-und-schmiedekurs-2025

/

(PDF) Effect of heat treatment on the grain size, microhardness and,

https://www.researchgate.net/publication/346931366_Effect_of heat treatment

on_the_grain_size_microhardness_and_corrosion_behavior_of the_cold-working
tool steels AISI D2 and_AISI O1

To illustrate just how important the edge geometry is, here is a chart,

https://www.reddit.com/r/sharpening/comments/1jjdpbO/knifesteelnerds_to_illustr

ate_just_how_important/
Measuring Decarburization in Steel | PDF | Heat Treating - Scribd,

https://www.scribd.com/document/331464853/Understanding-decarburization
Calculating decarburization | Thermal Processing Magazine,
https://thermalprocessing.com/calculating-decarburization/

Decarburization in Welding and Heat Treatment - WeldFabWorld,
https://www.weldfabworld.com/decarburization-in-welding-heat-treatment/

Decarburization of a steel occurs when carbon diffuses from the,

https://homework.study.com/explanation/decarburization-of-a-steel-occurs-whe
n-carbon-diffuses-from-the-steel-to-the-surface-and-enters-the-atmosphere-

how-long-will-it-take-for-a-0-6-c-steel-surface-to-decarburize-below-0-1-c-fo
r-a-depth-of-2-mm-the-fcc-steel-is-held-at-1250-c-in-an-atmosp.html

Forge heat treat baffle design - | Forge Iron,
https://www.iforgeiron.com/topic/77297-forge-heat-treat-baffle-design/

Quick and dirty muffle furnace forge modification - Bladesmith's Forum,
https://www.bladesmithsforum.com/index.php?/topic/28363-quick-and-dirty-muf

fle-furnace-forge-modification/
What is decarburization? - Bladesmith's Forum,



https://www.scribd.com/document/633825469/Capili-Jefferson-11
https://gokonfetti.com/de-de/e/schmiedekurs-als-teamevent-in-berlin-gzmpdz/
https://oceanplayer.com/5160-steel-properties-heat-treatment-uses/
https://steelprogroup.com/tool-steel/grades/5160/
https://knifesteelnerds.com/2019/04/01/how-to-heat-treat-5160/
https://www.schmiedekurse-berlin.de/%C3%BCber-uns/
https://media.hasco.com/marketing/Produkt/WDB/EN/1.2842_1.2510_WDB_EN.pdf
http://www.unisonmetals.com.tw/bohler/pdf/K460DE.pdf
https://www.scribd.com/document/502569838/Understanding-HT
https://www.uneedpm.com/how-to-heat-treat-steel-2025-complete-guide/
https://www.sommerwerkstatt-sehlsdorf.de/messerbau-und-schmiedekurs-2025/
https://www.sommerwerkstatt-sehlsdorf.de/messerbau-und-schmiedekurs-2025/
https://www.researchgate.net/publication/346931366_Effect_of_heat_treatment_on_the_grain_size_microhardness_and_corrosion_behavior_of_the_cold-working_tool_steels_AISI_D2_and_AISI_O1
https://www.researchgate.net/publication/346931366_Effect_of_heat_treatment_on_the_grain_size_microhardness_and_corrosion_behavior_of_the_cold-working_tool_steels_AISI_D2_and_AISI_O1
https://www.researchgate.net/publication/346931366_Effect_of_heat_treatment_on_the_grain_size_microhardness_and_corrosion_behavior_of_the_cold-working_tool_steels_AISI_D2_and_AISI_O1
https://www.reddit.com/r/sharpening/comments/1jjdpb0/knifesteelnerds_to_illustrate_just_how_important/
https://www.reddit.com/r/sharpening/comments/1jjdpb0/knifesteelnerds_to_illustrate_just_how_important/
https://www.scribd.com/document/331464853/Understanding-decarburization
https://thermalprocessing.com/calculating-decarburization/
https://www.weldfabworld.com/decarburization-in-welding-heat-treatment/
https://homework.study.com/explanation/decarburization-of-a-steel-occurs-when-carbon-diffuses-from-the-steel-to-the-surface-and-enters-the-atmosphere-how-long-will-it-take-for-a-0-6-c-steel-surface-to-decarburize-below-0-1-c-for-a-depth-of-2-mm-the-fcc-steel-is-held-at-1250-c-in-an-atmosp.html
https://homework.study.com/explanation/decarburization-of-a-steel-occurs-when-carbon-diffuses-from-the-steel-to-the-surface-and-enters-the-atmosphere-how-long-will-it-take-for-a-0-6-c-steel-surface-to-decarburize-below-0-1-c-for-a-depth-of-2-mm-the-fcc-steel-is-held-at-1250-c-in-an-atmosp.html
https://homework.study.com/explanation/decarburization-of-a-steel-occurs-when-carbon-diffuses-from-the-steel-to-the-surface-and-enters-the-atmosphere-how-long-will-it-take-for-a-0-6-c-steel-surface-to-decarburize-below-0-1-c-for-a-depth-of-2-mm-the-fcc-steel-is-held-at-1250-c-in-an-atmosp.html
https://homework.study.com/explanation/decarburization-of-a-steel-occurs-when-carbon-diffuses-from-the-steel-to-the-surface-and-enters-the-atmosphere-how-long-will-it-take-for-a-0-6-c-steel-surface-to-decarburize-below-0-1-c-for-a-depth-of-2-mm-the-fcc-steel-is-held-at-1250-c-in-an-atmosp.html
https://www.iforgeiron.com/topic/77297-forge-heat-treat-baffle-design/
https://www.bladesmithsforum.com/index.php?/topic/28363-quick-and-dirty-muffle-furnace-forge-modification/
https://www.bladesmithsforum.com/index.php?/topic/28363-quick-and-dirty-muffle-furnace-forge-modification/

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

https://www.bladesmithsforum.com/index.php?/topic/42022-what-is-decarburiza
tion/

Quench embrittlement of hardened 5160 steel as a function of,

https://www.researchgate.net/publication/227024687_Quench_embrittlement_of

hardened 5160_steel_as_a_function_of austenitizing_temperature
Heat treat oil - Beginners Place - Bladesmith's Forum Board,

https://www.bladesmithsforum.com/index.php?/topic/36296-heat-treat-oil/

Heat Treating: The How and Why of Quenching Metal Parts | PPT,
https://www.slideshare.net/slideshow/heat-treating-mechansims-of-quenching/1
1178365

Schleifstein aus Natur- oder Kunststein fur Messer. - Eurotechni,
https://www.eurotechni.com/de/3%-schaerfsteine

Ultra Low Temperature Process Effects on Micro-Scale Abrasion of,
https://www.preprints.org/manuscript/201811.0448/v1/download

Cryogenic Treatment: Fundamentals, Process and Applications,
https://grupottt.com/cryogenic-treatment-fundamentals-process-and-applicatio
ns/

Heat Treating and Cryogenic Processing of Knife Blade Steels,
https://www.jayfisher.com/Heat_Treating_Cryogenic_Processing_of Knife Blade
Steels.htm

Bainite Heat Treatments of 52100, O1, and 1095 - Knife Steel Nerds,
https://knifesteelnerds.com/2021/06/07/bainite-heat-treatments-of-52100-01-an
d-1095-how-much-toughness/

2 Cooling curves and cooling rates curves of a @8mm AIS| 304,
https://www.researchgate.net/figure/Cooling-curves-and-cooling-rates-curves-o
f-a-O8mm-AISI-304-stainless-steel-bar-qguenched fig34 280529460

Knife Blade Thickness Guide: OEM Specifications by Category,
https://keganico.com/knife-blade-thickness/

Tempering Temperature Hardness Interactive Calculator,
https://Iwww.firgelliauto.com/blogs/calculators/tempering-temperature-hardness-
calculator

Effects of Hardness, Blade Angle and the Micro-Geometry of ... - PMC,

https://pmc.ncbi.nim.nih.gov/articles/PMC10420138/
Knife edge thickness before quench - Noon's Knives,

https://noonsknives.blogspot.com/2017/03/knife-edge-thickness-before-quench.
html

FEM analysis of knife penetration through woven fabrics,
https://www.researchgate.net/publication/268628453 FEM analysis of knife pen
etration through woven fabrics

An analysis and design of the mechanical characteristics of the knife,
https://www.researchgate.net/publication/263038004_An_analysis_and_design_o
f the mechanical characteristics of the knife edges used in the NPL watt bal
ance

Quenching single edged blades (dealing with quench curve),

https://sbg-sword-forum.forums.net/thread/47601/quenching-single-blades-deali



https://www.bladesmithsforum.com/index.php?/topic/42022-what-is-decarburization/
https://www.bladesmithsforum.com/index.php?/topic/42022-what-is-decarburization/
https://www.researchgate.net/publication/227024687_Quench_embrittlement_of_hardened_5160_steel_as_a_function_of_austenitizing_temperature
https://www.researchgate.net/publication/227024687_Quench_embrittlement_of_hardened_5160_steel_as_a_function_of_austenitizing_temperature
https://www.bladesmithsforum.com/index.php?/topic/36296-heat-treat-oil/
https://www.slideshare.net/slideshow/heat-treating-mechansims-of-quenching/11178365
https://www.slideshare.net/slideshow/heat-treating-mechansims-of-quenching/11178365
https://www.eurotechni.com/de/39-schaerfsteine
https://www.preprints.org/manuscript/201811.0448/v1/download
https://grupottt.com/cryogenic-treatment-fundamentals-process-and-applications/
https://grupottt.com/cryogenic-treatment-fundamentals-process-and-applications/
https://www.jayfisher.com/Heat_Treating_Cryogenic_Processing_of_Knife_Blade_Steels.htm
https://www.jayfisher.com/Heat_Treating_Cryogenic_Processing_of_Knife_Blade_Steels.htm
https://knifesteelnerds.com/2021/06/07/bainite-heat-treatments-of-52100-o1-and-1095-how-much-toughness/
https://knifesteelnerds.com/2021/06/07/bainite-heat-treatments-of-52100-o1-and-1095-how-much-toughness/
https://www.researchgate.net/figure/Cooling-curves-and-cooling-rates-curves-of-a-O8mm-AISI-304-stainless-steel-bar-quenched_fig34_280529460
https://www.researchgate.net/figure/Cooling-curves-and-cooling-rates-curves-of-a-O8mm-AISI-304-stainless-steel-bar-quenched_fig34_280529460
https://keganico.com/knife-blade-thickness/
https://www.firgelliauto.com/blogs/calculators/tempering-temperature-hardness-calculator
https://www.firgelliauto.com/blogs/calculators/tempering-temperature-hardness-calculator
https://pmc.ncbi.nlm.nih.gov/articles/PMC10420138/
https://noonsknives.blogspot.com/2017/03/knife-edge-thickness-before-quench.html
https://noonsknives.blogspot.com/2017/03/knife-edge-thickness-before-quench.html
https://www.researchgate.net/publication/268628453_FEM_analysis_of_knife_penetration_through_woven_fabrics
https://www.researchgate.net/publication/268628453_FEM_analysis_of_knife_penetration_through_woven_fabrics
https://www.researchgate.net/publication/263038004_An_analysis_and_design_of_the_mechanical_characteristics_of_the_knife_edges_used_in_the_NPL_watt_balance
https://www.researchgate.net/publication/263038004_An_analysis_and_design_of_the_mechanical_characteristics_of_the_knife_edges_used_in_the_NPL_watt_balance
https://www.researchgate.net/publication/263038004_An_analysis_and_design_of_the_mechanical_characteristics_of_the_knife_edges_used_in_the_NPL_watt_balance
https://sbg-sword-forum.forums.net/thread/47601/quenching-single-blades-dealing-quench

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

ng-quench
Knife Geometry: Kitchen Knives japanese and european,
https://www.gobec.global/webshop/index.php?site=blog&article=knife-making-g

eometry-kitchen-knives
Advanced Chef Knife Grinds,

https://www.tophamknifeco.com/advanced-chef-knife-grinds/

Knife Blade Grinds Explained: Flat, Hollow & More | SFT Gear,
https://www.sftgear.com/resources/knife-blade-grinds

Knife Sharpening Angle Guide: Chart by Knife Type | Noblie,
https://nobliecustomknives.com/knife-sharpening-angle-guide-quick-chart-for-b

eginners/
cleaver blade geometry - KnifeDogs.com Forums,

https://knifedogs.com/threads/cleaver-blade-geometry.45590/

Knife Sharpening Angle Guide: Quick Chart for a Razor-Sharp Edge,
https://www.edgeproinc.com/edgepro-blog/knife-sharpening-angles
Schleifsteine - Belgischer Brocken,

https://www.belgischerbrocken.de/zubehoer/schleifstein/
Gunstig Findlinge kaufen in der Region Brandenburg - Steinakzente,

https://www.steinakzente.de/shop/findlinge-brandenburg/
Findlinge - Naturstein Brandenburg Berlin,

https://natursteine-brandenburg.de/findlinge/

Effect of the Mineralogical Composition of Sandstones on the Wear,
https://www.mdpi.com/2079-6412/14/7/859

Grinding - Museum of Stone Tools,
https://stonetoolsmuseum.com/technique/grinding/

Introduction to Grindstones: Basics and Industrial Applications,
https://www.buddiesabrasives.com/introduction-to-grindstones-basics-and-indu

strial-applications/
Tribological mechanisms of slurry abrasive wear - SciOpen,

https://www.sciopen.com/article/10.1007/s40544-022-0654-1

Explanation of Grindstone Types and Finishing Setups | AION Co,

https://www.aion-kk.co.jp/en/column/abrasive_03/

(PDF) Sandstone Ground Stone Technology: a Multi-level Use Wear,

https://www.researchgate.net/publication/346206488 Sandstone Ground Stone
Technology a_Multi-level Use Wear_and_Residue_Approach_to_Investigate_the
Function_of Pounding_and_Grinding_Tools

Modeling of Material Removal Rate for the Fixed-Abrasive Double,

https://www.mdpi.com/1996-1944/17/15/3688

a. Material removal rate response as a function of slurry solids,

https://www.researchgate.net/figure/a-Material-removal-rate-response-as-a-fun
ction-of-slurry-solids-loading-at-increasing_figs_266641759
Stresstech Bulletin 6: Grinding Residual Stresses,

https://www.stresstech.com/stresstech-bulletin-6-grinding-residual-stresses/
Metallurgical Reasons for Grinding Cracks and Their Detection,

https://gearsolutions.com/departments/hot-seat-metallurgical-reasons-for-grindi
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