The Metallurgical and Artisanal
Synthesis of Seamless Coppersmithing:
Raising, Planishing, and Tinning in the
Berlin Context

The transformation of a flat, two-dimensional sheet of copper into a seamless,
three-dimensional cooking kettle represents one of the most sophisticated intersections of
traditional craftsmanship and metallurgical physics. Unlike modern industrial deep-drawing or
spin-forming, traditional hand-raising relies entirely on the precise, manual orchestration of
compressive forces to induce plastic deformation without fracturing the crystalline lattice’. When
executing this craft in a contemporary urban environment such as Berlin, Germany, the process
is further complicated by stringent legal frameworks governing material sourcing, environmental
remediation, the preservation of cultural heritage, and the specific chemical requirements of
food-safe vessels®.

The creation of a seamless cooking kettle without the use of welding or brazed seams demands
an exhaustive understanding of non-ferrous metallurgy, crystallographic texture evolution, and
thermodynamic phase transformations. The artisan must navigate the material from its raw,
scavenged state through iterative cycles of high-temperature annealing, chemical pickling,
mechanical raising, and planishing, culminating in the precise application of a liquid-metal tin
lining via intermetallic bonding®*. This analysis provides a comprehensive, expert-level
examination of the seamless coppersmithing lifecycle, detailing the mechanical techniques, the
underlying microstructural physics, and the specific socio-regulatory ecosystem of Berlin.

The Berlin Ecosystem: Regulation, Sourcing, and
Craft Preservation

For the contemporary coppersmith operating within the city limits of Berlin, the procurement of
raw materials has largely shifted toward the urban scavenging of discarded infrastructure.
However, the extraction and processing of secondary copper are tightly constrained by German
ecological legislation, primarily the Circular Economy Act (Kreislaufwirtschaftsgesetz, KrWG)
and the Electrical and Electronic Equipment Act (ElektroG)*.

Under the KrWG, discarded copper from plumbing renovations and stripped electrical wiring are
classified as highly valuable secondary raw materials®. Artisans frequently source these
materials through direct agreements with local demolition contractors or from commercial scrap
dealers (Schrotthandel) located in industrial districts such as Kreuzberg or Reinickendorf'. The
municipal waste management entity, Berliner Stadtreinigung (BSR), also plays a critical role in
the urban circular economy, managing the legal disposal of hazardous chemical by-products
generated during the metallurgical restoration process”.

A critical legal boundary exists regarding the extraction of copper from insulated electrical



cables. Historically, illicit scrap gatherers utilized open-air incineration to destroy polyvinyl
chloride (PVC) or cross-linked polyethylene insulation. In Germany, this constitutes a severe
criminal offense under Section 326 of the German Criminal Code (§ 326 StGB), which
criminalizes the unauthorized thermal destruction of hazardous waste due to the release of
highly toxic dioxins, furans, and hydrogen chloride gas®. Consequently, all urban copper must be
extracted via pure mechanical stripping or purchased as Kupfer Millberry (bare, bright,
unalloyed wire) or clean plumbing tubing®.

Institutional Heritage and Contemporary Workshops

The preservation of this demanding craft in Berlin is supported by a robust network of historic
workshops, master craftsmen, and institutional incentives. The Berlin Chamber of Crafts
(Handwerkskammer Berlin, HWK) actively promotes the continuation of advanced metallurgical
disciplines through the Meisterpriifung (Master Craftsman Examination)®. To combat the attrition
of traditional skills in the face of mass industrial stamping, the state of Berlin, in collaboration
with the HWK, offers a Meister- und MeisterinnenBONUS—a financial grant of up to €6,000
awarded to artisans who successfully complete their rigorous master certifications in
metalworking trades"".

This institutional framework allows independent and historic workshops to thrive. For example,
the Rixdorfer Schmiede at Richardplatz in Neuk®élin, which has operated for over 400 years,
continues to offer open workshop access, allowing apprentices and hobbyists to practice
traditional forging and raising techniques'. The legacy of seamless metal forming is also
maintained by master restorers like Peter Trappen, who spent decades refining copper
repoussé and raising techniques at the VEB Kunstschmiede under Achim Kihn, eventually
restoring monumental copper figures such as the Apollo on the Berlin Konzerthaus and the
eagle at the Markisches Museum'*. Work from modern ateliers such as Alte Schmiede
Birkenwerder and Zyklus Metallwerkstatt further demonstrate the enduring viability of custom,
handcrafted non-ferrous metalwork in the region'®.

Berlin Metallurgical Institution / Historical Significance & Focus
Workshop
Handwerkskammer Berlin (HWK) Regulatory body issuing the Meisterbrief;

provider of the €6,000 Meisterbonus for
advanced skill retention™.

Rixdorfer Schmiede Historic forge (>400 years old) at
Richardplatz offering open workshops for

foundational and advanced metal forming'™.

Atelier Achim Kiihn / VEB Historic locus of East Berlin's architectural
Kunstschmiede metalwork; trained master coppersmiths in
deep-drawing and repoussé’*.



Peter Trappen (Master Restorer) Authored definitive texts on copper craft
(Vom Kupferblech liber das Handwerk zur
Kuppelfigur); restored major Berlin copper
monuments .

Zyklus Metallwerkstatt Contemporary metalworking firm
specializing in bespoke non-ferrous
prototyping and architectural installations®.

Metallurgical Typologies: Cu-ETP vs. Cu-DHP

The source of the scavenged copper dictates its trace elemental composition, which
fundamentally alters its response to high-temperature forging, raising, and cold-working®. The
coppersmith must differentiate between electrical wiring and plumbing pipes to prevent
catastrophic material failure during the kettle's fabrication.

Electrical wiring is almost exclusively manufactured from Electrolytic Tough Pitch copper
(Cu-ETP, UNS C11000). While highly pure (99.90%) and possessing 100% IACS electrical
conductivity, Cu-ETP contains intentionally introduced oxygen (0.02% to 0.04%), present as
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cuprous oxide ( ) inclusions intended to scavenge trace impurities like bismuth and

370°C

antimony”. If Cu-ETP is heated above in a reducing atmosphere—such as the
carbon-rich core of a traditional solid-fuel forge—interstitial hydrogen atoms aggressively diffuse

CUQO

into the copper lattice. These atoms react violently with the internal inclusions

according to the thermodynamic reaction:

Cuz0 + 2Hy; — 2Cu + H>0 (steam)

The resulting water vapor cannot diffuse out of the dense face-centered cubic (FCC) metal
matrix, generating localized internal steam pressures that exceed the tensile strength of the
copper at elevated temperatures. This leads to intergranular fissuring, severe blistering, and a
structural disintegration known as hydrogen embrittlement*.

Conversely, scrap plumbing pipes (Cu-DHP, UNS C12200) are explicitly manufactured to
withstand deep-drawing, extensive soldering, and localized heating during installation. During
refining, phosphorus is introduced into the melt, acting as a highly effective deoxidizer that
reduces free oxygen to less than 0.001% and leaves a residual phosphorus content between

0.015% and 0.040%?2. Because it lacks internal CuzO inclusions, Cu-DHP is entirely immune

Pb

to hydrogen embrittlement?. Furthermore, contamination from solder joints containing lead (

) or bismuth (Bz ) must be entirely excised before heating, as these elements liquefy at forge
temperatures and aggressively penetrate copper grain boundaries, causing spontaneous



fracture known as liquid metal embrittlement or hot shortness®. For the traditional coppersmith
crafting a seamless kettle from scavenged material, excised Cu-DHP is the mandatory starting
material.

Property Specification Cu-ETP (Electrical Wiring) = Cu-DHP (Plumbing Pipes)
UNS / EN Designation C11000 / CWO04A C12200 / CWO024A
Copper Purity > 99.90% > 99.90%
Oxygen Content 0.02% - 0.04% (200-400 < 0.001%
ppm)
Phosphorus Content None 0.015% - 0.040%
Hydrogen Embrittlement Highly Susceptible ( Immune
> 370°C )
Suitability for Forging Unsuitable in reducing Optimal for aggressive
atmospheres thermal cycling

Thermal Processing, Annealing, and Blank
Preparation

To begin the kettle-making process, a work-hardened Cu-DHP pipe must be slit longitudinally,
unfolded, and mechanically flattened into a pure two-dimensional disc*. Because the pipe
retains extreme residual stresses from its original industrial extrusion, forcing it flat at room
temperature will induce longitudinal stress fractures. It must first be thermally annealed”.

Forge Architectures and Refractory Engineering

Annealing is executed in a traditional solid-fuel forge, typically a side-blast charcoal trench forge
(JABOD) or a bottom-blast bituminous coal forge constructed from repurposed automotive brake

drums®. These forges are capable of reaching temperatures well in excess of the 600°C to
Q

800°C required for copper annealing®.

A critical component of forge construction is the refractory lining, which protects the structural

housing and concentrates thermal energy. Artisans must avoid standard concrete or Plaster of

Paris, as the high silica content is subject to quartz inversion—a violent crystallographic phase

573°

transition from alpha-quartz to beta-quartz occurring at exactly C *_This transition is



accompanied by a sudden 2% volumetric expansion that shears internal bonds, causing
standard concrete to crumble into dust. Historical recipes utilizing a matrix of high-silica sand,
fireclay, and organic temper (such as equine manure) allow for "carbon burn-out," leaving
microscopic voids that absorb this expansion and provide exceptional insulation®.

The Thermodynamics of Dynamic Recrystallization

As the copper reaches a dull red luminescence within the neutral or reducing zone of the forge,
the rigid, elongated grains formed during previous cold-working undergo complete dynamic
recrystallization. The thermal energy overcomes the activation barrier required for atomic
mobility, allowing the metal to nucleate into new, equiaxed, stress-free grains®. This dramatic
microstructural evolution resets the dislocation density, significantly lowering the yield strength
and restoring maximum plasticity*.

Concurrently, heating copper in an ambient atmosphere initiates rapid thermal oxidation
following a parabolic rate law, indicating a diffusion-controlled mechanism*. The oxidation scale

forms a bipartite structure: a primary inner layer of red cuprous oxide (Cugo ) growing via the
outward lattice diffusion of copper cations migrating through vacancies, and a secondary outer

CuO Cu,O

layer of black cupric oxide ( ) that forms at the boundary between the
atmosphere”.

Upon removal from the forge, the glowing copper is immediately quenched in ambient water.
While quenching does not harden copper as it does high-carbon steel, the violent thermal shock

CuO

causes the brittle black scale to spall (peel) off violently due to differential thermal
contraction®,

Flattening and Dimensional Recovery

Once annealed, the copper is gently flattened. Striking the metal directly with a hardened steel
hammer introduces unwanted localized work-hardening; therefore, artisans utilize rawhide or
wooden mallets against flat wooden stumps, or thermal clamping between heavy steel plates®.
If the material requires cold-rolling to achieve a uniform thickness for the kettle blank, the artisan

and the

must manage springback during subsequent leveling. Springback (Aa ) is the elastic recovery
of the metal following plastic deformation, directly proportional to the material's yield strength (

Ty ) and inversely proportional to its Young's modulus of elasticity (E )*. The magnitude is
estimated using the relationship:

ot
Aa ~ (;y'R) x K

Where t is sheet thickness, R is bend radius, and K is a geometric process coefficient”.
Because fully annealed copper possesses an exceptionally low yield strength (60-90 MPa), it



o (e]
exhibits negligible springback (0'0 to 0.5
prior to cutting the circular blank?.

Chemical Pickling Kinetics and Environmental
Remediation

Despite the physical spalling of the outer cupric oxide scale during quenching, a tenacious,
abrasive layer of red cuprous oxide remains chemically bonded to the substrate®. If the smith
attempts to strike the metal with a highly polished raising hammer, these brittle oxide shards will
be driven deep into the pure copper matrix, destroying the surface finish and initiating
micro-tears®. The scale must be dissolved chemically through a process known as pickling®.
Historically, European artisans and jewelers utilized highly caustic dilute sulfuric acid or sodium

bisulfate (NaHSO4 ), Which operates at a highly aggressive pH of 1.0 to 2.0 and rapidly
strips fire scale®. However, the disposal of such caustic heavy-metal solutions is strictly
prohibited under Berlin's KrWWG, as heavy metal copper ions are highly toxic to aquatic
ecosystems and disrupt bacterial processing at municipal water treatment plants®.

Consequently, modern urban artisans have largely transitioned to citric acid (OBHSO7 ), @
weaker organic acid (pKa 3.1) that operates via an entirely different chemical mechanism:
chelation®. The citrate anion actively bonds to cupric ions to form a highly stable, water-soluble
coordination complex known as copper citrate®.

Experimental kinetic studies utilizing the rotating disc method reveal that the dissolution of
copper oxides in citric acid is not limited by the chemical reaction rate at the surface, but by the
diffusion of citrate ions through the hydrodynamic boundary layer, a phenomenon modeled by
the Levich equation®. Because the activation energy for this process is remarkably low
(calculated around 23 kJ/mol to 46.8 kJ/mol), the mechanism is strictly diffusion-controlled.
Therefore, the artisan can exponentially increase the pickling speed by heating the bath to

), allowing the artisan to achieve absolute flatness

approximately 60°C and introducing mechanical agitation to physically thin the boundary
layer”.
Once the pickling bath reaches saturation—turning a deep, opaque blue—it must be neutralized

NO‘,HCO,?.

with sodium bicarbonate ( ) until effervescence ceases®. The toxic aqueous copper

2+
ions ( u ) are then extracted via galvanic displacement (cementation). The artisan

introduces a sacrificial steel matrix (e.g., steel wool) into the solution. The iron, being more

2+ -
anodic, dissolves into solution (Fe — Fe™ + 2e ), while the copper ions are reduced

2+ N
and precipitate as solid elemental copper sludge (Cu +2e — Cu )*. The extracted

copper sludge can then be legally surrendered to a Berlin recycling facility, ensuring full
compliance with environmental statutes®.



The Mechanics and Kinematics of Raising

With a fully annealed, chemically pristine, flat copper disc prepared, the coppersmith begins the
profound geometric transformation. The objective is to transmute the two-dimensional disc into
a three-dimensional cylindrical or bulbous kettle without cutting, seaming, stretching, or welding
the material®. This is achieved through "raising," a technique characterized by purely
compressive plastic deformation.

Sinking vs. Raising: Stretching vs. Compression

It is critical to distinguish raising from sinking. Sinking involves hammering a sheet of metal
downward into a concave depression (such as a dishing stump)?. Sinking exclusively stretches
the metal, forcing the surface area to expand while simultaneously thinning the cross-sectional
wall thickness?. While sinking is comparatively easy to master and suitable for shallow bowls, it
cannot produce a deep, vertical-walled kettle, as the structural integrity of the walls would
eventually fail due to excessive thinning®”.

Raising, conversely, is a highly controlled, complex operation of lateral compression?. The smith
strikes the exterior of the disc over a convex steel anvil, known as a raising stake®. Each blow of
the hammer forces the circumference of the disc to shrink while driving the displaced mass
upward, progressively building the vertical walls of the vessel'. When executed perfectly, a
raised vessel will possess walls that are exactly the same thickness as—or slightly thicker
than—the original flat disc®.

The Setup and Blank Geometry

The artisan begins by determining the required diameter of the starting blank, which must
account for the total surface area of the final kettle. Using a prick punch, the smith creates a
sharp, permanent indent at the absolute center of the disc to prevent the center point from being
lost during hammering'. Using a compass, the smith scribes a baseline circle indicating the
precise diameter of the kettle's flat bottom.

Beyond this baseline, a series of concentric circles, known as "rows," are drawn, spaced
approximately one hammer-face width apart, extending to the outer edge’. These concentric
guide lines are imperative; they dictate the spiral progression of the hammer blows. The smith
also marks a "start line" dissecting the rows, alongside directional arrows'. These markers
ensure the deformation remains radially symmetrical and that the vessel remains perfectly true
by alternating the hammering direction (clockwise to counter-clockwise) upon completing each
concentric round”.

The Tooling: T-Stakes and Cross-Peen Hammers

The raising process requires highly specialized, polished steel tooling. The primary anvil is the
raising T-stake (such as a hardened stainless steel Fretz R-1), a heavy steel arm extending
horizontally with a specific convex radius that mimics the desired internal curve of the kettle?.
The hammer is a specialized cross-peen raising hammer (such as a 400-gram Peddinghaus
403)*. Unlike standard flat-faced forging hammers used by blacksmiths, the raising hammer
features two rectangular faces that are longer than they are wide, with a distinct, polished
curvature?. The elongated geometry of the hammer face ensures that the compressive force is



directed laterally across the circumference of the metal, forcing it to shrink, rather than
spreading the mass longitudinally up the wall*>.

Angle Raising and Strike Kinematics

To begin, the flat disc is held against the T-stake at a precise angle—typically around 20
degrees off the horizontal axis of the stake'. The defining mechanical requirement of angle
raising is the establishment of an "air gap." The copper must not rest flush against the curvature
of the stake directly beneath the hammer strike’. If the metal is pinched directly between the
hard steel hammer and the hard steel stake, the copper will be crushed, resulting in immediate,
irreversible stretching and thinning of the vessel wall’.

Instead, the artisan holds the metal so that the baseline rests securely on the stake, while the
area being struck hovers in the air slightly above the steel surface’. The hammer is struck
straight down. The kinetic energy of the blow forces the copper to yield and fold downward
through the air gap until it contacts the stake, absorbing the energy via plastic deformation”.
This action forces the metal to crimp inward and compress laterally, shrinking the circumference.
The smith strikes sequentially along the drawn concentric rows, rotating the disc incrementally
after every single blow'. The hammer head must be kept strictly perpendicular to the stake;
tilting the hammer backward (toward the smith) stretches the metal, while tilting it forward
artificially shrinks the metal, introducing irregular stresses and hammer nicks that cannot be
planished out later’. To prevent the vessel from twisting anisotropically, the smith alters the
direction of rotation upon completing each full round, ensuring isotropic stress distribution’.

Crimp Raising: An Alternative Mechanism

While angle raising relies on the smith's rotational consistency and the air gap to manage the
compressive flow, an alternative technique known as crimp raising mechanically forces the
compression. In crimp raising, the flat disc is placed over a specialized grooved crimping stake
on the inside surface of the vessel®®. A wooden, nylon, or delrin mallet is used to strike the
exterior metal into the grooves, creating distinct, evenly spaced radial folds (crimps) around the
circumference of the disc?.

The piece is then transferred to a smooth raising stake. The smith uses a mallet to carefully
compress the peaks of the crimped ridges down into the valleys®. This action physically forces
the metal to consume its own excess surface area, thickening the edge (upsetting) and driving
the wall upward at a sharper angle?®. While some artisans prefer crimp raising for establishing
extreme initial angles or heavy walled vessels, traditional angle raising remains the predominant
method for achieving the smooth, sweeping bellies of a classic, thin-walled cooking kettle?.

Crystallographic Texture Evolution and Plasticity

As the coppersmith forces the metal to compress and rise, the macroscopic change in the
kettle's geometry is dictated by profound microscopic alterations within the crystalline lattice.
Pure copper possesses a Face-Centered Cubic (FCC) atomic structure, which inherently

contains 12 primary slip systems (combinations of close-packed {111} planes and <110>
directions)®*. This high number of active slip systems grants copper its legendary ductility,



allowing it to undergo severe plastic deformation without fracturing®”.

Deformation Mechanisms and Texture Components

During the intensive compressive cycles of raising, the initially random, equiaxed orientation of
the annealed copper grains is systematically destroyed. As the material yields, the grains
elongate, and the crystal lattices physically rotate toward preferred crystallographic orientations
with respect to the applied stress tensors, developing a pronounced deformation texture®.

The evolution of texture in FCC metals under mechanical deformation is classically described by
mathematical frameworks such as the Sachs model (which assumes stress equilibrium across
all grains, leading to single slip systems) and the Taylor model (which assumes strain
compatibility, requiring multiple intersecting slip systems to activate simultaneously)®’.

In severely cold-worked copper, this crystallographic rotation typically evolves into a complex
combination of stable end-orientations. The most prominent texture components identified via
X-ray diffraction (XRD) and electron backscattered diffraction (EBSD) are the Copper

{112}<111>, the S-component {123}<634>, and the Brass {110}“12) orientations®.

Furthermore, localized non-crystallographic deformation mechanisms, such as shear banding,
can trigger aggressive localized lattice rotations that accommodate extreme plastic flow
between adjacent structural phases™.

These specific crystallographic alignments heavily influence the planar anisotropy of the metal.
If the texture becomes too severe in a single direction, the copper will deform at different rates
across its geometry, leading to uneven rim heights and structural weak points'. The manual
coppersmith subconsciously counteracts this macroscopic anisotropy through the rigid
adherence to alternating the direction of their hammering rounds, essentially homogenizing the
strain distribution’.

Texture Component Miller Indices Notation Mechanism of Formation
in FCC Copper

Copper {112} (111) Dominant orientation arising
from homogeneous
dislocation slip during
primary compressive
deformation®.

S-Component {123}(634, Prominent in high-strain
plastic flow; relates to stable
end-orientations of the
lattice rotation®*.

Brass {110}(112) Often induced by
non-crystallographic shear



banding, mechanical
twinning, or severe

localized stress at cryogenic
to room temperatures®.

Cube {001}(100) The dominant
recrystallization texture

formed statically during the
thermal annealing cycles®.

The Hollomon Power Law and Intermediate Annealing

As the crystallographic planes slide past one another to accommodate the changing geometry
of the kettle, dislocations within the atomic lattice multiply exponentially, interact, and entangle®.
These entangled dislocations act as physical barriers to further atomic slip. Consequently, the
metal rapidly stiffens, requiring significantly higher hammer forces to achieve the same degree
of deformation®. This behavior—strain hardening or work hardening—is mathematically

quantified by the Hollomon equation:

o=K: €

Where g is the true applied flow stress, K is the strength coefficient, € is the true plastic

strain, and n is the strain hardening exponent®.

Fully annealed pure copper possesses an exceptionally high strain hardening exponent
(typically 0.44 to 0.54), indicating vast reserves of initial ductility*. However, this also dictates
that its yield strength escalates violently during deformation. The yield strength of annealed
Cu-DHP sits at a highly malleable 60-90 MPaZ?. After just one or two full rounds of raising, the
immense accumulation of dislocations causes the yield strength to spike to over 250 MPa,
approaching its ultimate tensile strength of approximately 350 MPa*.

At this juncture, the acoustic profile of the metal changes dramatically; it will emit a distinct,
high-pitched "ring" when struck, and the hammer will begin to bounce aggressively off the
surface, returning the kinetic energy directly into the smith's arm?. If the smith continues to
hammer, the localized stress will exceed the ultimate tensile strength, leading to ductile fracture
and catastrophic tearing of the vessel wall".

To proceed, the artisan must stop, clean the metal, and subject the vessel to an intermediate

thermal annealing cycle (600 C to 800°C ) to activate static recrystallization. This thermal

injection allows the atoms to reorder into the Cube texture ({001}<100> ), resetting the
dislocation density to near zero and restoring malleability®>. A deep, seamless kettle may require
twenty or more complete, grueling cycles of raising, annealing, and pickling before the final



volumetric geometry is achieved?.

Planishing: Microstructural Consolidation and Surface
Geometry

Once the kettle has been raised to its final volumetric dimensions, it is functionally incomplete.
The surface remains heavily corrugated, covered in the overlapping, faceted indentations left by
the cross-peen raising hammer?. Furthermore, because the vessel underwent a final annealing
cycle to relieve stresses, the metal exists in a soft, dead-annealed state, rendering the kettle
structurally weak and highly prone to denting during daily culinary use®. To finalize the vessel,
the smith employs a highly specialized finishing technique known as "planishing"?.

Planishing is not intended to alter the macro-geometry or move the mass of the metal; rather, it
is a localized surface refinement technique designed to achieve two critical, simultaneous
objectives: optical smoothing and profound structural work-hardening?.

The operation utilizes a highly polished, double-sided planishing or collet hammer featuring one
perfectly flat face and one slightly domed (convex) face®. The kettle is placed over a polished,
convex stake that perfectly matches the interior curvature of the vessel*°. Starting from the
center base and working outward in a tightly overlapping, meticulous spiral, the smith delivers
thousands of rapid, highly controlled, low-force blows*.

Unlike raising, where an air gap is mandatory to allow compression, planishing requires the
copper to be trapped perfectly flush between the hammer and the steel stake*. The kinetic
energy of the planishing hammer compresses the peaks of the previous hammer marks down
into the valleys, physically homogenizing the surface geometry. The highly polished face of the
hammer imparts its own mirror-like finish onto the copper, burnishing the surface to a gleam and
removing all evidence of the aggressive forming tools®.

Microstructurally, this localized compression introduces a dense network of shallow dislocations
strictly into the immediate surface layer of the copper matrix. This highly targeted strain
hardening dramatically increases the localized yield strength of the copper®. By planishing the
entire exterior, the smith essentially encases the kettle in a rigid, work-hardened exoskeleton,
granting the thin-walled vessel immense structural integrity and resistance to deformation under
the weight of boiling liquids®.

Food Safety, Verdigris, and the Metallurgy of
Hand-Wiped Tinning

While a beautifully raised and planished copper kettle represents a triumph of physical
metallurgy and plastic deformation, it remains inherently dangerous for culinary use in its raw
state. Copper is a highly reactive transition metal, particularly vulnerable to weak organic acids
such as acetic acid (vinegar) or citric acid found abundantly in foods*?. Prolonged exposure to
these culinary acids triggers the formation of copper(ll) acetate, commonly known as verdigris*.
Food contaminated with verdigris from an unlined copper vessel induces acute heavy metal
toxicity, resulting in severe gastrointestinal distress, nausea, and vomiting**. To render the kettle
food-safe and chemically inert, the interior must be hermetically sealed with a non-toxic,



non-reactive barrier. Since antiquity, coppersmiths have utilized elemental tin (Sn) for this
purpose®. Modern artisans in Berlin rely on the traditional, highly skilled technique of
"hand-wiped tinning" to apply this barrier, shunning modern electroplating for a thicker, more
durable intermetallic bond*®.

Surface Preparation and Flux Chemistry

The intermetallic bonding of tin to a copper substrate requires absolute chemical purity; any
residual oxides, grease, or organic contaminants will instantly repel the molten tin, causing it to
bead and fail to wet the surface. The interior of the planished kettle is first scoured aggressively
with fine abrasives (such as 4F pumice powder or steel wool) and weak acids to expose the
bare, pink copper substrate®®.

To prevent the molten tin from adhering to the beautifully planished exterior, a thin mask of
whiting—a paste made from garden lime or chalk—is painted over the outside of the vessel’.
To prevent atmospheric oxidation of the interior during the requisite heating process, a chemical
flux must be applied. The traditional, uncompromising flux for copper tinning is ammonium

chloride (NH4CZ ), known historically as sal ammoniac*®. When heated, sal ammoniac
dissociates into ammonia and hydrogen chloride gas, acting as a highly aggressive etching
agent that actively scavenges oxygen from the copper surface®. This reaction produces a
transient layer of active metal chlorides that drastically lower the surface tension of the
substrate, allowing the liquid tin to exhibit perfect wetting behavior°.

The Thermodynamics of Wiping
232°C 450°F

Pure tin possesses a relatively low melting point of ( )°2. The artisan places the
flux-coated kettle over a disbursed, medium-heat source—such as a plumber's brazing torch or

250°C , 280°C 4

a banked forge—carefully bringing the mass of the copper up to roughly t
Extreme thermal control is paramount; oxy-acetylene torches are strictly avoided, as localized

300°C

temperatures exceeding will incinerate the flux, aggressively oxidize the copper, and
cause the tin to scorch and refuse to bond’.

Once the optimal temperature is reached, a solid ingot of 99.99% pure, food-grade block tin is
touched to the interior. The thermal mass of the copper instantly melts the tin, pooling it at the

bottom of the kettle’. Working with extreme rapidity before the vessel cools below 232°C , the
smith utilizes a tightly wadded pad of thick cotton batting (moleskin) or fiberglass to physically
wipe the liquid metal up the walls of the kettle’.

The wiping action distributes the molten tin into a smooth, even film across the entire interior
geometry. The presence of faint, sweeping wipe marks in the final lining is a hallmark of
artisanal quality, demonstrating the rapid, uninterrupted fluid dynamics managed by the tinner in
a single pass’. Conversely, short, interrupted wipes or localized reheating damages the bond
and leads to an inferior coating’.

Intermetallic Compound (IMC) Kinetics and Grain Growth



The bond between the tin lining and the copper kettle is not merely mechanical adhesion; it is a
profound metallurgical phase transformation resulting in a true intermetallic bond>®. The moment
the liquid tin contacts the fluxed, heated copper, diffusion kinetics are initiated.

The molten tin acts as a powerful solvent, rapidly dissolving a microscopic layer of the solid
copper matrix®’. Driven by concentration gradients and thermal activation energy (calculated at

-1
approximately 84.43 kJ mol for the total IMC layer), the atomic species interdiffuse to
form two distinct Intermetallic Compound (IMC) phases at the boundary layer®®.

1. The "-phase (C'u5 S ): This primary phase forms immediately adjacent to the bulk
tin layer. It is characterized by an irregular, highly scalloped, needle-like growth front that
projects far into the tin matrix, providing intense mechanical interdigitation (locking) that
secures the lining to the kettle®.

Cugsn ): A secondary, much thinner, and more planar phase that

CUG Sn5

2. The €-phase (

develops between the layer and the bulk copper substrate®.

Interface Layer Chemical Formula Morphology and Function

Substrate The bulk Cu-DHP copper
vessel wall; structural

support.

Cu (solid)

Inner IMC Phase Cu3 Sn ¢ Thin, planar layer mediating
("-phase) diffusion between Cu and

Cuﬁ Sn5 55

Outer IMC Phase Highly scalloped, irregular
interface projecting into the
tin; establishes the robust

metallurgical bond™°.

C'U;ﬁ S'n5 ( n -phase)

Surface Coating The food-safe, pure tin

Sn (Pure) , T
culinary barrier™.

The formation of the IMC is vital for adhesion, but its growth kinetics must be meticulously

controlled by the tinner's speed. Because the stoichiometric ratio of CUB Sn requires three

copper atoms for every tin atom, copper is consumed at an accelerated rate®’. If the kettle is
held at elevated temperatures for too long, this disparity in diffusion rates (known as the
Kirkendall effect) leads to the formation of microscopic vacancies—Kirkendall voids—at the



copper/ Cu3 Sn boundary, severely degrading the structural integrity of the lining®®.
Furthermore, both IMC layers are inherently brittle; excessive thermal aging causes overgrowth,
limiting the kettle's ability to absorb thermal shock without the lining delaminating or fracturing
during impact®®.

By wiping the tin rapidly and allowing the kettle to cool naturally, the smith limits the terminal
crystal grain growth of the pure tin layer. Pure unalloyed tin, when hand-wiped over a copper
substrate, naturally restricts its crystalline lattice organization to a maximum thickness of
approximately 0.45 millimeters®. The adept tinner relies on tactile and auditory
feedback—sometimes noting the "tin shriek" as the primary matrix cures to its natural thickness
limit—to guarantee uniform coverage®*. This specific, naturally regulated thickness ensures an
optimal thermal mass for the transmission of culinary heat while providing a robust, non-toxic
barrier that vastly outlasts the micron-thin layers produced by modern electroplating*’.

Conclusion

The creation of a seamless copper kettle without the use of welding, brazing, or modern
hydraulic presses stands as a monument to human ingenuity and the mastery of physical
metallurgy. By operating within Berlin’s strict environmental and legal frameworks (the Kr'WG,
ElektroG, and § 326 StGB), the modern artisan legally extracts high-grade Cu-DHP from urban
waste streams, deliberately avoiding the catastrophic hydrogen embrittlement risks associated
with Cu-ETP electronic scrap.

Through the precise, rhythmic orchestration of angle raising and compressive hammer strikes
over specialized steel stakes, the smith commands the crystallographic slip systems of the FCC
copper lattice. They manipulate texture evolution and strain-hardening kinetics, relying on
intermediate dynamic recrystallization in traditional solid-fuel forges to reset the Hollomon curve
and prevent ductile fracture. Subsequent planishing consolidates the microstructural geometry
into a rigid, work-hardened exoskeleton, granting the vessel immense durability.

Finally, the thermodynamic precision of hand-wiped tinning utilizing sal ammoniac flux ensures

the creation of an intermetallic bond (Cu6 S and CuzSn ) that is both structurally sound
and toxicologically safe. Bolstered by institutional support from the Handwerkskammer Berlin
and the enduring legacy of local master restorers, this traditional metallurgical synthesis
elevates discarded industrial piping into a highly functional, enduring piece of culinary
architecture, securing the craft's relevance in the 21st-century circular economy.
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