
The Transformation of Repurposed 
Copper: Traditional Coppersmithing, 
Metallurgy, and Urban Sourcing in Berlin 
The revitalization of traditional coppersmithing within modern urban environments represents a 
sophisticated intersection of historical metallurgical techniques and contemporary circular 
economy principles. For the independent artisan or hobbyist operating in a metropolis like 
Berlin, Germany, the procurement of raw materials has shifted from relying solely on primary 
industrial suppliers to the strategic harvesting of urban infrastructure—specifically, discarded 
electrical wiring and scrap plumbing pipes. This paradigm shift requires an exhaustive 
understanding of physical metallurgy, thermodynamic processing, and the stringent legal and 
environmental frameworks governing waste recovery. 
Transforming a cylindrical, work-hardened plumbing pipe or a bundle of stranded electrical wire 
into a pristine, cold-rolled copper sheet suitable for deep drawing or repoussé involves a 
multi-stage metallurgical lifecycle. The material must be legally sourced, mechanically extracted, 
thermally annealed to eliminate prior work-hardening, systematically flattened, cold-rolled to the 
desired gauge, and chemically pickled to remove complex oxidation layers. Each phase is 
governed by strict crystallographic constraints. Furthermore, working with scavenged materials 
introduces unpredictable variables, including trace alloy contaminants that can induce 
catastrophic material failures such as liquid metal embrittlement. The following analysis provides 
an expert-level examination of the entire coppersmithing lifecycle from an urban scavenging 
perspective, detailing the mechanical, chemical, and traditional processing methodologies 
required to optimize repurposed copper. 

Part I: The Regulatory and Commercial Landscape in 
Berlin 
The extraction of copper from urban waste streams in Germany is heavily regulated to prevent 
environmental contamination and ensure the safe processing of hazardous by-products. 
Artisans sourcing materials in Berlin must navigate a complex legal framework governing 
electronic waste and construction scrap. 
The Legal Framework: KrWG, ElektroG, and StGB 
The foundation of waste management and recycling in Germany is the Circular Economy Act 
(Kreislaufwirtschaftsgesetz, KrWG), which mandates the prioritization of waste avoidance, 
preparation for reuse, and recycling over disposal1. Under the KrWG, discarded copper pipes 
from plumbing renovations and stripped wiring from electrical upgrades are classified as 
valuable secondary raw materials1. 
For electrical wiring, the Electrical and Electronic Equipment Act (Elektro- und 
Elektronikgerätegesetz, ElektroG) imposes strict guidelines1. Electrical cables are legally 
classified as electronic waste, meaning they must not be disposed of in standard household 



trash1. The ElektroG requires manufacturers, large retailers, and online platforms to provide free 
take-back systems for end-of-life electronic equipment1. 
A critical legal boundary for the urban scavenger involves the extraction of the copper core from 
its polymer insulation. Historically, illicit scrap gatherers utilized open-air burning to incinerate 
PVC or cross-linked polyethylene insulation, leaving behind bare copper wire. In Germany, this 
practice constitutes a severe criminal offense under Section 326 of the German Criminal Code 
(Strafgesetzbuch, § 326 StGB), which criminalizes the unauthorized handling, storage, and 
thermal destruction of hazardous waste5. The combustion of cable insulation releases highly 
toxic dioxins, furans, and hydrogen chloride gas, posing severe ecological and public health 
hazards7. Therefore, extraction must be performed purely mechanically, utilizing manual cable 
strippers, granulators, or precision slitting tools. 
Sourcing via BSR and Commercial Scrap Trade 
In Berlin, the municipal waste management entity, Berliner Stadtreinigung (BSR), operates 
numerous recycling centers (Recyclinghöfe) that accept consumer e-waste and scrap metal8. 
While removing material directly from BSR collection bins is prohibited, artisans frequently 
source materials legally through direct arrangements with local plumbers, demolition 
contractors, or by purchasing from commercial scrap metal dealers (Schrotthandel) operating in 
districts like Kreuzberg and Reinickendorf9. 
Commercial scrap dealers categorize copper based on purity and source, which directly dictates 
its market value and metallurgical utility9. These local prices are dynamically hedged against the 
London Metal Exchange (LME), which dictates global baseline valuations in metric tonnes9. 
 

Scrap 
Classification 

Description Local Purchasing 
Estimate (€/kg) 

Metallurgical 
Utility 

Kupfer Millberry Bare, bright, 
unalloyed copper 
wire; free of 
insulation, ash, and 
oxidation10. 

~9.70 Optimal for melting 
or direct forging due 
to near 99.9% 
purity9. 

Kupfer Rohre 
(Clean) 

Clean plumbing 
tubing containing 
minimal oxidation or 
residue9. 

~9.50 Excellent for 
cold-rolling; requires 
annealing and 
flattening. 

Kupfer Rohre mit 
Anhaftungen 

Pipes bearing 
residues of lead-tin 
solder, paint, or 
insulation9. 

~9.50 High risk of liquid 
metal 
embrittlement; 
requires aggressive 



mechanical 
cleaning13. 

Kupfer Kabel 
(Thick) 

Insulated copper 
cables requiring 
mechanical 
stripping9. 

~3.40 Labor-intensive 
extraction, but 
yields high-purity 
Cu-ETP9. 

Part II: Metallurgical Profiling of Scavenged Copper 
Copper is not a monolithic material; its trace elemental composition is highly tailored to its 
intended industrial application. The artisan must recognize that electrical wiring and plumbing 
pipes represent two distinct grades of copper, each reacting differently to extreme heat, cold 
rolling, and welding. 
Cu-ETP (Electrolytic Tough Pitch) - Electrical Wiring 
Electrical wiring is almost exclusively manufactured from Electrolytic Tough Pitch copper, 
designated internationally as Cu-ETP, C11000, or CW004A15. 
Cu-ETP is refined electrolytically to achieve a minimum copper purity of 99.90% (including trace 
silver), maximizing its electrical and thermal conductivity to 100% IACS15. However, the defining 
metallurgical characteristic of Cu-ETP is its controlled oxygen content, which typically ranges 

from 0.02% to 0.04% (200 to 400 ppm), present primarily as cuprous oxide ( ) 
inclusions16. The oxygen is intentionally introduced during the refining process to scavenge 
impurities (such as bismuth, antimony, and iron) by oxidizing them, thereby removing them from 
the solid solution matrix where they would otherwise scatter electrons and severely degrade 
conductivity15. 
While highly conductive and ductile at room temperature, Cu-ETP possesses a fatal flaw for the 
traditional coppersmith: it is highly susceptible to hydrogen embrittlement15. If Cu-ETP is heated 
above 370°C in a reducing atmosphere—such as the carbon-rich core of a traditional solid-fuel 
forge—hydrogen atoms effortlessly diffuse into the copper lattice. These interstitial hydrogen 
atoms react violently with the internal cuprous oxide inclusions according to the reaction: 

 
The resulting water vapor cannot diffuse out of the dense metal matrix. Instead, it generates 
localized internal steam pressures that exceed the tensile strength of the copper at elevated 
temperatures, leading to microscopic intergranular fissures, severe blistering, and the 
catastrophic structural disintegration of the metal15. Therefore, Cu-ETP electrical wire must only 
be annealed in neutral or oxidizing atmospheres. 
Cu-DHP (Deoxidized High Phosphorus) - Plumbing Pipes 
Scrap plumbing pipes, manufactured to standards such as EN 1057 or ASTM B88, are 



composed of Deoxidized High Phosphorus copper, designated as Cu-DHP, C12200, or 
CW024A21. 
Unlike wiring, plumbing infrastructure requires extensive brazing, soldering, and localized 
heating during installation. To render the copper immune to hydrogen embrittlement, 
manufacturers remove the oxygen by introducing phosphorus into the melt. Cu-DHP contains a 
minimum of 99.90% copper and a residual phosphorus content between 0.015% and 0.040%21. 
The phosphorus acts as a highly effective deoxidizer, leaving the metal with virtually zero free 
oxygen (less than 0.001%)21. 

Because it lacks internal  inclusions, Cu-DHP can be aggressively heated, forged, and 
welded in reducing atmospheres without fear of steam-induced embrittlement18. It exhibits 
excellent ductility, making it the superior candidate for cold-rolling into sheet metal. However, the 
residual phosphorus significantly reduces its electrical conductivity (down to ~70% IACS), 
rendering it unsuitable for precision electrical applications21. 
 

Property Specification Cu-ETP (Electrical Wiring) Cu-DHP (Plumbing Pipes) 

UNS Designation C11000 C12200 

EN Designation CW004A CW024A (EN 1057) 

Copper Content   

Oxygen Content   

Phosphorus Content None 
 

Hydrogen Embrittlement Highly Susceptible 
(>370°C)15 

Immune19 

Tensile Strength 
(Annealed) 

220 – 275 MPa15 220 – 270 MPa21 

Impurity Mechanics: Liquid Metal Embrittlement and Hot Shortness 
When repurposing scrap, the artisan inevitably encounters localized contamination. Solder joints 

on plumbing pipes frequently contain tin ( ), lead ( ), and occasionally bismuth ( ). 
Exposure to trace amounts of lead or bismuth induces severe high-temperature degradation 
known as Liquid Metal Embrittlement (LME) and hot shortness14. 
Lead and bismuth are practically insoluble in the solid copper matrix. Instead, they segregate to 



the grain boundaries as discrete, microscopic inclusions14. The spatial morphology of these lead 
inclusions is governed by the dihedral angle, representing the thermodynamic balance between 
the solid-solid grain boundary energy and the solid-liquid interfacial energy14. At elevated 
temperatures (specifically around 400°C, near the melting point of lead), these inclusions 
liquefy. 
If the solid copper is subjected to stress (such as forging or bending) while the lead is liquid, the 
liquid lead exhibits perfect wetting behavior, aggressively penetrating the copper grain 
boundaries27. The rapid penetration destroys intergranular cohesion, causing the solid copper to 
spontaneously fracture and crumble with practically zero plastic deformation—a phenomenon 
known as hot shortness13. Furthermore, sulfur contamination (e.g., from degraded rubber 
insulation) similarly segregates to grain boundaries, forming brittle copper sulfide precipitates 
that drastically lower ductility and cause intermediate-temperature embrittlement between 450°C 
and 600°C30. 
Consequently, all soldered joints, oxidized paint, and unknown accretions must be physically 
excised from the scrap pipe using a hacksaw prior to any thermal processing. 

Part III: Traditional Solid-Fuel Forge Architecture 
To transform a rigid, cylindrical Cu-DHP pipe into a flat sheet, the artisan must first slit the pipe 
longitudinally and unfold it32. Because the pipe was heavily work-hardened during its original 
industrial extrusion, it retains high residual stresses and a rigid crystalline lattice. Forcing the 
pipe flat at room temperature will likely induce longitudinal stress fractures. The material must 
first be thermally annealed32. For the traditional coppersmith, this requires the construction of a 
solid-fuel forge capable of reaching temperatures between 600°C and 800°C. 
The JABOD Side-Blast Charcoal Forge 
For urban hobbyists seeking an efficient forge architecture that requires virtually no metal 
fabrication, the side-blast trench forge—commonly referred to as the JABOD (Just A Box Of 
Dirt)—presents a historically accurate and highly capable alternative33. Derived from ancient 
African and Asian smelting traditions, the side-blast forge completely eliminates complex bottom 
plumbing manifolds in favor of a horizontal tuyere (air pipe) entering the fire bed directly from 
the side33. 
The structural housing consists of a simple wooden box, optimally 24 by 24 inches square with 
a depth of 7 to 9 inches33. The box is filled to the brim with a tightly tamped matrix of 
non-combustible earthen materials, ideally a mixture of heavy clay, loamy soil, and wood ash33. 
The builder excavates a trench-like depression into the center of the dirt matrix, roughly 4 
inches wide, 8 inches long, and 4 inches deep, with gently sloped sides to encourage the fuel to 
gravity-feed into the center33. 
A horizontal tuyere (typically a 3/4-inch to 1-inch inside diameter black iron pipe) is driven 
through the wooden wall and dirt matrix until it terminates flush with the side wall of the trench33. 
Crucially, the tuyere must enter the trench 1 to 2 inches above the absolute bottom floor of the 
depression33. This empty space below the air blast serves as the catch-basin for molten slag 
and ash, ensuring the air pipe remains unobstructed. The JABOD utilizes a sacrificial tuyere 



mechanism; the exposed tip of the pipe slowly oxidizes and burns away over hours of use. 
When the pipe degrades, the smith simply hacksaws off the ruined inch and advances the pipe 
forward through the dirt33. 
This design is uniquely optimized for lump charcoal. Charcoal is roughly one-tenth the density of 
bituminous coal; it is highly porous, burns rapidly, and requires a shallow, wide fire bed34. 
Crucially, a deep charcoal fire generates a heavily reducing atmosphere (rich in carbon 
monoxide), which actively scavenges oxygen from the metal surface, minimizing scale formation 
on Cu-DHP33. 

The Bottom-Blast Brake Drum Coal Forge 
For smiths utilizing bituminous (soft) coal, the bottom-blast forge is the optimal configuration. In 
this architectural design, air is forced vertically upward through a grate at the base of a conical 
firepot, creating a deep, highly concentrated heat core. The most durable method for 
constructing a hobbyist bottom-blast forge involves repurposing an automotive cast-iron brake 
drum (ideally 8 to 10 inches in diameter and 3 to 4 inches deep)33. 
A 2-inch black iron floor flange is bolted to the bottom of the drum over the central hub hole33. A 
plumbing manifold is assembled using a vertical drop pipe and a T-connector, separating the 
incoming horizontal forced air from a gravity-fed vertical ash dump33. A robust grate, typically a 
1/4-inch steel plate drilled with a cloverleaf pattern or a cast-iron floor drain, is installed inside 
the drum over the air inlet to diffuse the blast and support the coal bed33. Under no 
circumstances should galvanized steel be utilized in any part of the forge construction, as 
temperatures exceeding 400°C rapidly vaporize the zinc coating, producing highly toxic zinc 
oxide fumes capable of causing severe metal fume fever33. 
When fresh bituminous coal is banked around the perimeter of the firepot, destructive distillation 
drives off moisture and volatile gases, leaving behind porous, lightweight coke33. The air blast 
creates distinct chemical zones within the fuel bed: 

1.​ Oxidizing Zone: Located at the absolute bottom near the air inlet. Oxygen is highly 
abundant; copper placed here will rapidly scale and burn33. 

2.​ Neutral Zone: Located approximately 4 inches above the air inlet where all free oxygen 
has been consumed, creating the ideal heating environment33. 

3.​ Reducing Zone: The uppermost zone dominated by unburned carbon monoxide, which 
traps radiant heat and prevents atmospheric oxidation33. 

Refractory Engineering and Quartz Inversion 
To protect the forge walls and concentrate thermal energy, the firepot must be lined with a 
refractory material. A pervasive error in DIY forge construction is the utilization of Plaster of 
Paris or standard Portland cement, which fail catastrophically under forging temperatures due to 
bound water turning to steam and severe thermal shock33. Furthermore, any refractory utilizing 
silica sand is subject to a violent crystallographic phenomenon known as quartz inversion33. At 
precisely 573°C, the crystalline structure of silica undergoes a sudden, reversible phase 
transition from alpha-quartz to beta-quartz, accompanied by an immediate volumetric expansion 
of approximately 2%33. In a rigid matrix like concrete, this rapid expansion shears internal 
bonds, causing the lining to crumble into dust33. 



Historical blacksmiths developed a composite refractory lining to survive this extreme heat. The 
traditional recipe relies on a volumetric ratio of approximately 60% high-silica sand (or pre-fired 
grog), 30% fireclay, and 10% organic temper (historically, finely chopped straw or equine 
manure)33. The mixture is applied to the forge walls and cured slowly over several days. During 
the initial firing, the organic cellulose fibers from the horse manure incinerate, achieving "carbon 
burn-out"33. This leaves behind a network of microscopic voids throughout the fired clay. These 
voids act as physical expansion chambers, absorbing the 2% volumetric shift of the quartz 
inversion while drastically reducing the thermal conductivity of the lining, transforming it into a 
highly efficient insulator33. 

Pneumatic Propulsion Systems 
While modern smiths frequently utilize electric blowers (such as repurposed bathroom exhaust 
fans or hair dryers controlled by rheostats), traditional manual bellows provide volumetric, highly 
controllable airflow that scales perfectly with the physical effort of the smith33. 
The Double-Lung Accordion Bellows: To rectify the pulsing airflow of primitive 
single-chamber bellows, medieval engineers developed the double-lung bellows, a 
three-chambered device constructed from rigid wooden boards and flexible leather walls33. The 
middle board serves as the stationary structural spine and contains upward-opening one-way 
flapper valves connecting the lower intake chamber to the upper exhaust chamber33. As the 
lower lung is pumped, it inflates the upper lung, which is heavily weighted to provide a constant, 
uninterrupted downward pressure, delivering a steady blast of air through the nozzle33. The 
leather walls are traditionally sealed and waterproofed using a heated compound of 2 parts 
beeswax to 1 part rendered beef tallow and neatsfoot oil33. 
The Asian Fuigo (Box Bellows): An alternative, highly efficient design is the Japanese fuigo, 
which utilizes a rigid, double-acting wooden piston moving horizontally within a sealed box33. 
The piston edges are traditionally sealed with badger fur, raccoon fur, or folded washi paper33. 
The fuigo achieves a continuous air blast on both the push and the pull stroke through a brilliant 
orchestration of four precisely calibrated wooden flap valves (ben) and a secondary internal air 
channel (plenum)33. The wooden flaps are planed into a specific wedge shape—thick at the 
base to snap shut under pressure, and thin at the top to swing open easily, hung using linen 
string hinges rather than metal hardware33. 

Part IV: Annealing Dynamics and Mechanical 
Flattening 
As the copper pipe or electrical wire is heated in the forge to a dull red luminescence 
(approximately 600°C), it undergoes dynamic structural changes32. 

Oxidation Kinetics 
Heating copper in an ambient atmosphere initiates rapid thermal oxidation, following a parabolic 
rate law36. This indicates a diffusion-controlled mechanism where the thickening oxide layer acts 
as a barrier, gradually slowing the reaction rate. The oxidation scale forms as a bipartite 
structure: 



1.​ Cuprous Oxide ( ): The primary, inner layer adjacent to the raw metal. It grows 

predominantly via the outward lattice diffusion of copper cations ( ) migrating 

through vacancies in the  structure36. 

2.​ Cupric Oxide ( ): The secondary, outer layer that forms at the boundary between 

the  and the atmosphere, typically requiring higher temperatures (exceeding 
300°C) and prolonged exposure37. 

Once the copper reaches annealing temperature, the rigid, elongated grains formed during 
previous cold-working undergo complete dynamic recrystallization26. The metal nucleates into 
new, equiaxed, stress-free grains, dramatically lowering the yield strength and restoring 
maximum ductility26. The metal is then removed from the forge and quenched in ambient water. 
Quenching offers the added benefit of mechanically shocking the brittle oxide scale, causing 

significant portions of the black  to spall off via differential thermal contraction27. 

Mechanical Flattening Techniques 
Following annealing, the copper pipe or wire must be flattened prior to cold-rolling. For thin 
strips or wire, flattening must be executed gently to prevent premature work-hardening. 
Industrial shears or snips can induce burrs and curl the edges of the metal41. 
Artisans employ several traditional and improvised methods to achieve absolute flatness: 

●​ Manual Manipulation: Striking the metal directly with a hardened steel hammer will 
introduce unwanted localized work-hardening and mar the surface. Instead, the material is 
gently tapped using a rawhide, nylon, or wooden mallet against a smooth anvil or a 
wooden stump41. 

●​ Spoon and Vice Methods: For thin, foil-like strips, the rolling squeeze of two serving 
spoons can overcome minor springback without altering the material's thickness41. 
Alternatively, the copper can be clamped tightly in a bench vice between two perfectly 
smooth, flat blocks of wood or 1/8-inch thick steel plates41. 

●​ Thermal Clamping: For severe warping, the copper sheet can be tightly gripped between 
two heavy steel plates using steel G-clamps. The entire steel-copper sandwich is then 
heated with a torch until the steel glows a dull red, effectively re-annealing the copper 
while mechanically forcing it perfectly flat43. 

Part V: Cold-Rolling Mechanics and Strain Hardening 
Once flattened, the rough copper sheet is processed through a cold-rolling mill to achieve 
uniform thickness, precise surface finish, and the desired mechanical temper. 
Rolling Mill Operations and Pass Schedules 
Cold rolling is executed by passing the copper through a set of highly polished, hardened steel 
cylindrical rolls (typically in a 2-Hi stand configuration)44. As the sheet is drawn through the roll 
gap, it undergoes severe compressive plastic deformation. Because the volume of the metal 



remains constant, the reduction in thickness is proportionally translated into an elongation of the 
sheet in the direction of rolling, with minimal lateral spreading45. 
The operation requires a precise pass reduction schedule. Copper cannot be reduced from its 
original thickness to a foil-like gauge in a single pass46. Excessive reduction ratios generate 
immense rolling forces that deform the mill rolls, induce severe friction, and cause the material 
to fracture. Annealed Cu-DHP allows for aggressive initial reductions, often between 25% and 
35% reduction in cross-sectional area per pass47. As the material thins and hardens, 
subsequent passes must be reduced to 15% - 20% to prevent edge cracking47. 
 

Typical 
Cold-Rolling 
Pass 
Schedule for 
Cu-DHP 

Entry 
Thickness 

Exit 
Thickness 

Reduction 
Percentage 

Material 
Condition / 
Rolling Force 

Pass 1 (Initial) 1.50 mm 1.05 mm 30.0% Readily yields; 
high plasticity; 
low force47. 

Pass 2 
(Intermediate) 

1.05 mm 0.80 mm 23.8% Noticeable 
hardening; 
increased 
torque 
required47. 

Pass 3 
(Finishing) 

0.80 mm 0.65 mm 18.7% Severely 
work-hardened
; high 
dislocation 
density46. 

During heavy cold rolling, the equiaxed grains of the annealed copper are mechanically crushed 
and elongated in the rolling direction, developing a pronounced crystallographic texture46. 
Intensive shear forces activate multiple slip systems within the Face-Centered Cubic (FCC) 

lattice, leading to the proliferation of low-angle sub-grain boundaries and -type deformation 
twins46. This microstructural evolution directly dictates the macroscopic strengthening of the 
material, alongside introducing planar anisotropy in the elastic and strength properties across 
the sheet49. 

Strain Hardening: The Hollomon Power Law 
The fundamental physics governing the stiffening of the copper sheet during rolling is described 
by strain hardening (or work hardening). As plastic deformation forces crystallographic planes to 



slide past one another, dislocations within the atomic lattice multiply exponentially and 
entangle35. These entangled dislocations act as physical barriers to further slip, requiring 
significantly higher forces to continue deforming the metal48. 
This behavior is mathematically quantified by the Hollomon Equation35: 

 

Where  is the true applied flow stress in MPa,  is the strength coefficient,  is the true 

plastic strain, and  is the strain hardening exponent35. 
Fully annealed pure copper possesses an exceptionally high strain hardening exponent, 
typically between 0.44 and 0.5435. This indicates vast reserves of ductility, allowing for profound 
deep-drawing before ductile fracture occurs51. However, it also dictates that the yield strength 
escalates violently during the initial rolling passes. For instance, the yield strength of annealed 
Cu-DHP sits at a highly malleable 60 - 90 MPa21. After cold-rolling to a hard temper, the yield 
strength spikes to over 250 MPa, and the ultimate tensile strength approaches 350 MPa23. 

Springback and Dimensional Recovery 
As the rolled copper sheet is subsequently bent or formed by the coppersmith, it undergoes 
both plastic (permanent) and elastic (temporary) deformation52. Upon release of the bending 
force, the elastic stresses within the metal lattice relax, causing the material to partially return 
toward its original geometry—a phenomenon known as springback52. 

The magnitude of springback ( ) is directly proportional to the material's yield strength ( ) 

and inversely proportional to its Young’s modulus of elasticity ( )52. It is estimated using the 
relationship: 

 

Where  is sheet thickness,  is bend radius, and  is a geometric process coefficient54. 
Because cold rolling dramatically increases the yield strength while the elastic modulus (

 GPa for copper) remains constant, a work-hardened copper sheet will exhibit 
significantly greater springback than a fully annealed sheet51. For a tight bend (where the inside 
radius equals the material thickness), annealed copper exhibits negligible springback (0.0° to 
0.5°), whereas work-hardened metals can spring back by several degrees54. To achieve precise 
dimensional tolerance, the coppersmith must either calculate and apply "overbending" to 
compensate for the elastic recovery, or execute an intermediate annealing cycle to reset the 



yield strength prior to final forming52. 

Part VI: Chemical Pickling and Surface Restoration 
Following thermal annealing, the copper sheet is invariably coated with a tenacious, abrasive 
layer of black cupric oxide and red cuprous oxide37. Attempting to cold-roll a heavily oxidized 
sheet will drive the brittle oxide shards deep into the pure copper matrix, destroying the surface 
finish and potentially scoring the hardened steel rolls of the mill. The scale must be dissolved 
chemically through a process known as pickling57. 

Traditional vs. Eco-Conscious Pickling Kinetics 
The pickling of copper relies on dilute acids capable of protonating and dissolving metal oxides 
without aggressively attacking the underlying pure copper substrate57. 
Sodium Bisulfate (Traditional Industrial Pickle): Historically, jewelers relied on dilute sulfuric 

acid, which has been largely replaced by sodium bisulfate ( ), commercially sold as 
swimming pool pH reducer60. When dissolved in water, it yields a highly acidic solution (pH 1.0 
to 2.0)63. The primary dissolution reaction for cuprous oxide disproportionates into aqueous 

cupric ions ( ) and elemental copper dust ( ), which often leaves a faint pink film on 
the metal58. Sodium bisulfate acts aggressively, particularly when heated to 60°C, stripping fire 
scale in a matter of minutes61. 
Citric Acid (The Eco-Conscious Alternative): To mitigate caustic fumes, many urban artisans 

have transitioned to citric acid ( )65. Citric acid is a weak organic acid with a pKa of 
3.1, approximately ten times less acidic than sodium bisulfate64. However, it compensates 
through exceptional chelating properties. The citrate anion actively bonds to cupric ions to form 
a highly stable, water-soluble coordination complex known as copper citrate59. 
The efficacy of citric acid pickling is heavily dependent on fluid dynamics, modeled by the Levich 
equation for diffusion-controlled electrochemical reactions68. 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 layer68. The activation energy for this process is remarkably low 
(calculated around 23 kJ/mol to 46.8 kJ/mol), confirming a diffusion-controlled mechanism68. 
Consequently, the pickling speed can be exponentially increased by elevating the temperature 
(to ~60°C) and introducing mechanical agitation to thin the boundary layer66. A standard 
formulation utilizes a 10% mass fraction of anhydrous citric acid powder to distilled water, 
yielding a bright surface finish without toxic vapor emissions65. 

Environmental Remediation and Disposal 
As the pickling process continues, the bath progressively turns a deep blue, signaling saturation 
with aqueous copper sulfate or copper citrate62. Disposing of spent pickle down the municipal 
drain is a violation of the KrWG, as heavy metal copper ions are highly toxic to aquatic 
ecosystems and disrupt bacterial processing at water treatment plants1. 



The spent acidic solution must first be neutralized by adding sodium bicarbonate (
) until effervescence ceases, indicating the neutralization of free hydronium ions60. While the pH 
is rectified, the copper ions remain in solution. The artisan must execute heavy metal 
remediation: 

1.​ Evaporation: The neutralized solution is left to evaporate. The remaining crystalline 
copper citrate/sulfate sludge is deposited at a BSR hazardous waste collection point 
(Schadstoffsammelstelle)8. 

2.​ Cementation Extraction: Utilizing galvanic displacement, sacrificial scrap iron (e.g., steel 
wool) is introduced into the pickle. Iron, being more anodic, dissolves into solution (

), while copper ions are reduced and precipitate as solid 

elemental copper sludge ( )76. The solution turns pale green, and 
the extracted copper sludge can be legally surrendered to a scrap metal recycler76. 

Conclusion 
The practice of traditional coppersmithing utilizing scavenged urban infrastructure demands a 
profound synthesis of metallurgical science, historical thermodynamics, and environmental 
compliance. Operating within Berlin's stringent regulatory landscape, the artisan must extract 
materials mechanically to satisfy the KrWG and § 326 StGB, prioritizing ecological stewardship 
over expedient thermal degradation. By understanding the distinct chemical typologies of 
Cu-ETP electrical wiring and Cu-DHP plumbing pipes, the smith can manipulate solid-fuel forge 
atmospheres to prevent catastrophic failures such as hydrogen embrittlement or lead-induced 
hot shortness. Through the precise calibration of cold-rolling pass schedules, the management 
of strain-hardening kinetics, and the application of diffusion-controlled organic pickling agents, 
the modern coppersmith elevates discarded industrial scrap into pristine, highly functional sheet 
metal, ensuring the viability of this ancient craft within the 21st-century circular economy. 
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