Pyrotechnic Silicate Synthesis,
Metrological Instrumentation, and
Preservation Hermetics: A Technical
Blueprint for Post-Industrial Agrarian

Settlement in Brandenburg

Historical and Regional Precedent in Brandenburg
Glassmaking

The production of silicate glass in the North German Plain is tied to the post-glacial
geomorphology of the Brandenburg landscape. The retreat of the Weichselian glaciation left
behind expansive outwash plains (Sander), broad glacial spillways (Urstromtéler—specifically
the Baruth, Berlin, and Eberswalde Urstromtaler), and extensive inland dune complexes’. These
formations provided early modern glassmakers with quartz sand deposits, while the surrounding
mixed deciduous and pine forests supplied combustible biomass and potassium-rich plant ash’.
Operating within this landscape without modern industrial supply chains requires an
understanding of how historical enterprises resolved the thermodynamic and chemical
challenges of glass synthesis using regional raw materials?.




The foundational figure of scientific pyrotechnology in the Berlin-Brandenburg region was
Johann Kunckel (later Kunckel von Léwenstern, 1630—1703)°. Operating under the patronage of
the Great Elector Friedrich Wilhelm of Brandenburg, Kunckel assumed the directorship of the
electoral glassworks at Hakendamm near Potsdam in the late 1670s before expanding
operations to Drewitz and ultimately to the isolated island of Pfauenwerder (now Pfaueninsel) in
the River Havel in 16852, In 1679, Kunckel published his seminal treatise Ars Vitraria
Experimentalis, Oder Vollkommene Glasmacher-Kunst, which compiled translations of Antonio
Neri’s 1612 L’Arte Vetraria and Christopher Merret's 1662 commentary, enriched with his own
systematic observations on furnace architecture, flux purification, and metallic colorants®.

On the Pfaueninsel, Kunckel operated a high-temperature laboratory dedicated to melting clear
potassium-calcium crystal that competed directly with Venetian soda glass and Bohemian
crystal’. His chemical triumph was the industrial-scale perfection of gold ruby glass
(Goldrubinglas), achieved through the addition of "Purple of Cassius"—a colloidal precipitate of
metallic gold nanoparticles reduced with tin(ll) chloride—to a silica-potash-lead batch®. Kunckel
recognized that furnace atmospheres dictate glass stoichiometry; he developed specific
reducing and oxidizing firing regimens within wood-fired muffle furnaces to control the nucleation
and optical dispersion of sub-micrometer metallic clusters®. Kunckel also produced cobalt-tinted
blue glass using Zaffera (roasted cobalt-bearing arsenical ores sourced from the Harz and
Erzgebirge mining regions), formulating fluxes capable of dissolving refractory transition metal
oxides without devitrifying the silicate matrix®.

Located in the southern Teltow-Flaming district within the Baruth Urstromtal, the Baruther
Glashltte was established on March 23, 1716, through a contractual agreement between Count
Friedrich Sigismund zu Solms-Baruth and the glassmaker Master Bernsdorf from Lusatia
(Lausitz)°. The economic catalyst for the settlement was an extreme meteorological event: a
severe hurricane in 1715 felled massive swaths of forest across the Solms-Baruth estates'®. To
convert this timber into economic yield before fungal decay destroyed its fuel value, the Count
granted Bernsdorf title to land, a monopoly on glass production, the right to operate an industrial
potash leaching facility (Pottaschesiederei), and an annual concession to harvest 1,000 Klafter

of wood®. (A Prussian Klafter corresponds to approximately 3.33 m’ of stacked roundwood,
establishing an annual fuel baseline of roughly 3,330 m’ )-

Baruth initially synthesized green forest glass (Waldglas), transitioning during the eighteenth
and nineteenth centuries into specialized tableware, hollowware, and cylindrical lamp
chimneys®. By the mid-nineteenth century, Baruth had developed into the largest
glass-producing community in the Province of Brandenburg, eventually operating multiple pot
furnaces (Hafenéfen) and tank furnaces (Wannenéfen)®. The site maintains technical relevance



for post-industrial production: in the 1950s, following extensive historical transitions, the facility
specialized in hand-blowing large-scale glass carboys (Gérballons) up to 54 liters in volume for
agricultural fermentation®. This demonstrated that wood gas, direct wood firing, and local clays
could sustain the production of large acid-resistant culinary and chemical vessels®.
The glassworks at Neuglobsow (Glashlitte Neuglobsow), situated along the southern shore of
the GrolRer Stechlinsee in northern Brandenburg, was founded in 1780 by Johanna Louise Pirl
(1733-1810)°. Pirl had previously managed the glassworks at Altglobsow; when surrounding
timber stocks were depleted by the high biomass requirements of potash synthesis and furnace
draft, she relocated the enterprise northward to tap untouched forests near Dagow and
Stechlin'. Neuglobsow specialized in green sheet glass (griines Tafelglas) and utilitarian
kitchen hollowware, which were shipped via the Havel waterways directly to Berlin'*. The
geographic placement of Neuglobsow was deliberate: the exceptionally low nutrient and calcium
levels of the oligotrophic GroRer Stechlinsee provided clear, low-iron wash water for the
mechanical elutriation of local sands, preventing unwanted iron contamination from altering the
transparency of the melt'*. Pirl's operation demonstrated that an eighteenth-century glassworks,
managed with careful timber logistics, could maintain commercial glassblowing for more than a
century using regional sand, beech ash, and local peat or wood fuel'.
Reconstructing glass manufacturing and culinary preservation within the Berlin-Brandenburg
belt requires specific utilization of local geological deposits:
e The Pleistocene glaciofluvial outwash features quartz sand layers of high chemical purity".
While unrefined field sands contain 2% to 6% iron and clay contaminants, deep-seated
deposits—such as the quartz sands of Hohenbocka (Upper Lusatia, near the southern

Brandenburg border)—exhibit silica (5302) purities exceeding 99.0% with ferric oxide (

Fey 03) levels below 0.03%, making them ideal for clear crystal and instrument tubing’’.

e High-calcium limestone (OGCO3 ) occurs naturally at Riadersdorf, directly east of
Berlin'®. The Riidersdorf deposit, an anomalous geological Triassic Muschelkalk outcrop
that has been continuously quarried for more than 750 years, provides an uncompromised
source of agricultural lime, building mortar, and purified calcium oxide flux for silicate glass
melts?’.

e Sourcing functional refractory clays for furnace linings and melting pots is critical. The
high-alumina secondary clays of the Velten area (Oberhavel district north of Berlin),
historically exploited to fuel the region’s stove-tile (Kachelofen) industry, withstand

1100°C | 1250°C

operating temperatures of t when properly grogged, while purer
fireclays can be sourced along the Lusatian and Silesian margins™'.

Salvage, ldentification, and Cold-Working Protocols
for Post-Industrial Glass

In the initial decade following industrial collapse, the salvaging and cold reconfiguration of
existing municipal, commercial, and architectural glass stocks is vastly more energy- and



labor-efficient than pyrochemical synthesis from raw batch materials. However, modern
commercial glasses possess divergent chemical formulations, thermal expansion behaviors,
and mechanical fracture characteristics. Applying thermal or abrasive stress to an incorrectly
identified glass stock can cause violent shattered failures or delayed stress fractures?>.

Glass Typology

Soda-Lime-Silica
Container / Float

Low-Expansion
Borosilicate 3.3 (Duran,
Pyrex)

Lead Crystal (Fine
Stemware)

Thermally Toughened
Glass (Tempered)

Diagnostic Properties

Refractive Index: 1.51-1.52;
CTE:

(8.5-9.2) x 107%/K
Density: 2.45-2.52

3
g/cm  Polarized Light:
Uniform or gentle residual
rings

Refractive Index: 1.47—-1.48;
CTE:

(3.2-3.3) x 10°9/K
Density: 2.20-2.23

3
g/cm” . poiarized Light:
Minimal optical retardation

Refractive Index: 1.56—1.65;
Density: 2.90-3.80

3
g/cm : Acoustic Sustain:
3—-6 seconds chime; UV:
Pale blue luminescence

Surface compressive stress
> 100 MPa ; Polarized
Light: Distinct dark Maltese

Cross or geometric stress
fringes

Culinary & Mechanical
Feasibility

Safe for food contact.
Resists food acids. High
thermal shock sensitivity (

AT > 60°K

causes
fracture). Usable for cold
storage, drinking vessels,
and water-bath processing
under slow ramp rates.

Highly safe for direct
heat, thermal shock, and
acid solutions. Ideal for
boiling retorts, scientific
hydrometer stems, and
critical high-temperature
preserve jars.

Toxic hazard. Severe risk

24
of lead ( ) leaching

into acidic consumables.
Strictly prohibited for dining,
fermentation, or pickling
containers.

Deadly shatter hazard.
Cannot be scored, cut, or
ground; internal tensile
stress causes
instantaneous, explosive
disintegration into granular
dicing.



Differentiating these materials in the field requires three non-destructive optical and physical
sorting steps. Lead crystal is diagnosed by acoustic resonance and density: when struck lightly
on the rim with a brass rod, lead crystal produces a clear chime lasting 3 to 6 seconds, whereas
soda-lime glass produces a short, dull ring lasting less than 1 second. Confirmation is achieved

2.8 g/cm’

via Archimedean water displacement; if the density exceeds , the glass contains

PbO

substantial lead oxide ( ) and must be excluded from culinary contact®’.

Tempered glass is identified by examining the material outdoors through crossed polarizing
filters under ambient daylight; tempered stock reveals photoelastic strain rings or "leopard
spots" caused by frozen internal stress differentials, and any stock exhibiting this pattern must
be discarded from cutting workflows. Borosilicate glass is identified by immersion refractometry:
when submerged in a liquid blend of 16 parts vegetable or mineral oil and 84 parts pure ethanol

n ~ 1.473

( ), borosilicate boundaries disappear, whereas soda-lime glass (

n = 1.51-1.52

) retains sharp, visible edges.

Transforming standard wine, spirit, and preserve bottles into wide-mouth food-storage jars,
drinking tumblers, and fermentation vessels requires creating a clean planar fracture normal to
the cylindrical axis®®. The bottle is secured horizontally in a wooden V-block jig equipped with an
adjustable end-stop to maintain consistent height. Under continuous, uniform downward
pressure, the glass is rotated against a fixed tungsten carbide wheel or a freshly flaked flint or
chert blade to execute a single, continuous 360-degree score line. The score line must never be
retraced or overlapped; overlapping creates microcrack splintering that deflects the running



fracture off its plane during thermal shock.

Thermal shock severing relies on creating severe localized circumferential hoop stress that
exceeds the ultimate tensile strength of the glass at the root of the scored Griffith flaw?>. A
three-ply cotton twine saturated in kerosene or pure alcohol is wrapped tightly around the score
line, tied, and trimmed. The string is ignited while the bottle is rotated slowly along its horizontal
axis for 45 to 60 seconds, concentrating thermal energy along the score line.

Alternatively, a red-hot iron hoop or charcoal iron rod is held directly against the scored groove.
The instant the fuel burns out, the bottle is plunged vertically into a vessel of cold well water (

10°C to 12°C ). The sudden contraction of the exterior surface generates profound tensile
stresses along the score, running the fracture smoothly around the circumference and cleanly
parting the top section®’.

Cold abrasives are then deployed in three successive stages to finish the severed edge. Coarse
lapidary grinding is conducted on a flat slate or fine sandstone slab lubricated with an aqueous
slurry of 80-to-120-mesh crushed quartz sand, moving the glass rim in a figure-eight pattern to
flatten high spots. Fine grinding follows on a hard beechwood block charged with
320-to-400-mesh siltstone powder to remove deep microcracks.

Finally, a hand-held Arkansas stone or copper strip charged with fine abrasive is drawn along
the internal and external margins at a 45-degree angle to create protective chamfers. This
mechanical bevelling prevents edge chipping and eliminates stress concentrators that cause
spontaneous failure during later heating cycles.

Abrasive edge finishing leaves a micro-fissured, matte-white glass surface that remains
susceptible to chipping, harbors food contaminants, and abrades lips. Fire-polishing heals these
microscopic flaws through localized viscous surface flow*®. The cold-worked vessels are
preheated on a ceramic tray inside the secondary warming flue of the forge or hearth, slowly
400°C , 450°C

raising their temperature over 45 minutes to to avoid thermal shock

shattering (AT > 60°K )-

Using long-handled iron tongs, each vessel is transferred into the hottest combustion zone of a

charcoal or dry hardwood blast furnace (1050 C to 1150°C ). Only the ground rim is
exposed to the direct flame while the vessel is rotated continuously at 15 to 25 RPM. Within 20

o
to 40 seconds, the thin edge reaches its softening point (approximately 720°C for soda-lime
glass), allowing surface tension to pull the rough ground bevel into a smooth, glossy, rounded
bead. The moment this fire-polish is achieved, the vessel is transferred immediately into an

520°C

insulated annealing chamber (Kiihlofen) maintained at , preventing the formation of
destructive thermal tension in the cooling rim®.

For vinegar, concentrated brines, chemical extracts, and preserved foods that degrade organic
materials like cork and tallow, ground glass-on-glass conical stoppers provide an inert,
vapor-tight closure®. Standard industrial tapered joints conform to a 1:10 taper ratio (the
diameter decreases by 1 unit for every 10 units of axial length, corresponding to a half-angle of



o] ! "
2°51'45 ), as codified in DIN 12242 and 1SO 383°°.
To replicate this geometry using non-industrial tools, two matching wood or soft brass shaping
mandrels are turned on a hand lathe to a 1:10 taper: a male plug mandrel and a female socket
mandrel. Solid glass blanks, gathered and tooled on the hearth into rough cones matching the
male template, serve as stopper plugs. The plug is coated with an abrasive slurry of 120-mesh
crushed flint suspended in water containing 10% animal bile to serve as a wetting surfactant.
The stopper is inserted into the bottle neck and ground using an oscillating, reciprocating stroke:
180 degrees clockwise, followed by 120 degrees counterclockwise, under moderate axial
pressure (15 to 25 N). The plug is lifted every few cycles to redistribute the abrasive slurry;
grinding in a continuous single direction must be avoided, as it cuts deep helical tracks that
create vapor leaks.
Once a uniform frosted surface is achieved across the entire contact zone, the joint is washed
clean and re-lapped with 400-mesh fine abrasive, followed by 800-mesh levigated clay. When
wiped dry and seated with a firm, twisting push, a correctly ground DIN 12242 joint will support
the weight of the liquid-filled container and maintain a hermetic vacuum for months without
seizing or leaking®”.

Engineering a Wood- and Charcoal-Fired Cullet
Remelting Furnace

When cold-worked salvage is insufficient to meet demand for hollowware, instrument blanks,
and culinary jars, the agrarian community must transition to remelting scavenged cullet (broken
container and sheet glass). Melting clean cullet requires significantly lower pyrotechnic energy
and thermal retention than synthesizing raw glass from sand and potash®.

The furnace architecture is based on the historical Central European wood-fired pot furnace
(Hafenofen), modified for charcoal or dry split cordwood operation®. The structure comprises
three vertically integrated thermal zones:




Standard bricks and local calcareous surface clays melt, bloat, or dissolve when exposed to

1100°C

temperatures exceeding in the presence of volatile alkali fumes*’. Crucibles must
possess exceptional resistance to thermal shock, high mechanical load-bearing capacity under
heat, and resistance to molten silicate glass:
e The primary matrix clay consists of 35% to 40% high-grade, low-iron kaolinitic or
secondary stoneware clay (sourced from Velten or regional lacustrine underclays), rich in

alumina (> 287 A1203 ) and containing minimal calcium and iron flux*.
e The grog (Schamotte) component comprises 45% to 50% crushed, pre-fired refractory

1250°C

stoneware or broken crucibles, calcined to and sieved to an optimized
grain-size distribution: 50% coarse (1.0 to 2.5 mm), 30% medium (0.2 to 1.0 mm), and



20% fine powder ( <0.2mm ). Grog acts as a rigid, pre-shrunk skeletal framework that

stops crack propagation and reduces drying shrinkage from 12% to under 4%?'.
e The quartz modifier comprises 10% to 15% clean, pure quartz sand (Hohenbocka type) at
0.1 to 0.3 mm sizing to stabilize the silicate-clay interface’’.
Crucibles are built by hand using the coil-and-slab technique, ensuring dense, pore-free walls
that are 35 to 45 mm thick at the base and taper to 25 mm at the rim. Once formed, they
undergo a slow, controlled air-drying schedule lasting 8 to 12 weeks in a draft-free shed to
eliminate all pore water without inducing stress cracks. Prior to placement in the hot furnace, the

o
crucible is positioned in a secondary kiln and slowly pre-fired over 36 hours up to 1050°C to
convert the clay into metakaolin and mullite before being set while hot into the main glass
furnace (Hafensetzen).

Cullet composed of modern soda-lime container glass exhibits a glass transition temperature (

9') of approximately 520°C ¢, 550°C , but requires a temperature of 1150°C
1250°C 102 o 103 dPa- s

to decrease its dynamic viscosity to approximately t , allowing
entrapped air bubbles to rise and pop**. The working temperature for hand-gathering and

1000°C , 1080°C (10° , 10'dPa-s .o

blowing hollowware sits at t ( t

1200°C

Achieving temperatures above without fossil fuels or electrical fans requires:
e Beech (Fagus sylvatica) or hornbeam (Carpinus betulus) roundwood, split to a thin
cross-section (4 to 7 cm) and seasoned under cover for at least 24 months to reach a
moisture content below 12% to 14%. At this moisture level, beech yields an energy

density of approximately 15.5 M.]/kg

energy density of 29 to 31 MJ/kg , requiring lower total draft volume.
e A dual-chamber reciprocal leather bellows (or an animal/waterwheel-driven piston blast)

1.8 m® /min

. If pure charcoal is deployed, it provides an

delivering continuous air at a rate of 1.2 to under a static water-column

pressure of 100 to 150 mm H,0 . Air is pre-heated by routing it through copper or
ceramic pipes cast into the chimney exhaust, raising the incoming combustion air

temperature to 200°C — 300°C , Which elevates flame temperature by 150°K to
Q
200°K for the same mass of wood burned.
e Operating a two-pot furnace containing 50 kg of cullet per pot (100 kg total charge)
requires a 24-hour cycle: 8 hours to reach melting temperature, 6 hours of

1250°C 1050°C

high-temperature fining at , 4 hours of blowing and working at ,and 6
hours of controlled cooldown. This cycle consumes approximately 0.75 to 1.0 Prussian

3
Klafter ( 2.5t03.3m ) of split beech cordwood, or roughly 350 to 450 kg of dense



wood charcoal per 100 kg of refined glassware produced.
Cooling unannealed soda-lime glass in ambient air creates severe temperature differences
between the rapidly contracting outer surfaces and the still-plastic, insulated interior®*. This
locks deep, permanent tensile stresses into the core and compressive forces on the exterior*”.
The resulting ware becomes brittle, fracturing upon slight physical impacts or hot-water
immersion during kitchen preservation®.

Annealing Stage Temperature Ramp Rate / Physical &
Range Duration Rheological
Mechanism
1. Thermal Soak 540°C to 550°( Hold 60 minutes (for | Internal stress
wall thickness completely relaxes
< via localized
B ) viscous flow;

establishes thermal
equilibrium across
cross-section?’.

2. Critical Cooling 550°C down to 49 Linear ramp Traversing the
< transformation
o range past the

strain point;

permanent

structural stresses
are locked; thermal
gradients must stay

< 21
3. Accelerated 490°C down to 38 Linear ramp Viscous flow
Anneal < ceases; glass
o behaves as purely
elastic solid;

temporary thermal
stresses develop
but do not induce
permanent strain?’.

4. Final Room Drift 380°C down to 20 Natural lehr drift Furnace draft
< closed; natural
- dissipation to



ambient
temperature without
structural risk?',

Following completion of this cycle, glassware must undergo polariscopic stress inspection.
When viewed between two crossed polarizing sheets under backlighting, properly annealed
ware exhibits a uniform dark magenta or black field across the entire profile; any pieces showing
bright, localized white, red, or blue birefringence stress bands around the neck, base, or pontil
mark must be rejected and returned to the cullet pile for remelting.

The Medieval Waldglas Synthesis: Sand, Potash, and
Lime

Once regional supplies of salvaged cullet are depleted, an expanding settlement of 300
individuals must rely on synthesis from regional raw materials*°. The medieval Central
European forest glass (Waldglas) tradition—practiced continuously across the forested regions
of Brandenburg, Bohemia, and Saxony from the eleventh through the eighteenth
centuries—provides an established chemical template using quartz sand, leached plant-ash
potash, and slaked limestone™°.

In coastal Mediterranean and Middle Eastern regions, glass was historically fluxed with soda
derived from mineral natron or maritime halophytic plants (such as Salicornia), yielding
sodium-calcium silicate networks>°. North of the Alps, inland glassworks lacked access to



coastal soda supplies and turned to forest biomass, yielding potassium-calcium-silicate glasses
characterized by distinct chemical properties and higher working temperatures®.

Raw Biomass Dry Ash Yield (wt Potash (K2CO3) Associated Oxide
Source %) Fraction Composition &
Flux Role
European Beech 0.8%—-1.2% 12%—-18% of ash . CaO
, High
(Fagus sylvatica) mass

(30%-45%), M 90
(8%), MTLO

(1%-3%), F205
(4%). Optimal
self-stabilizing ash
for durable silicate

networks?’.

Bracken Fern 4.0%—-7.0% 25%—35% of ash High K,0 SiO,

(Pteridium mass ’ ’

aquilinum) P, 05; low CaO
(10%-15%).
Exceptionally rich in
fluxing potassium,
but requires
supplemental
limestone?®®.

Scots Pine (Pinus 0.3%—0.5% 6%—-10% of ash High inert silicates,

sylvestris) mass high iron. Poor flux
source; yields dark,
refractory,
unworkable
batches.

The extraction of purified potassium carbonate (KQCOii) begins with burning air-dried beech

cordwood and harvestable bracken ferns in outdoor pyrolysis pits or covered kilns at moderate

600°C , 750°C

combustion temperatures (

> 900°C

) volatilizes a significant portion of the potassium as gaseous potassium chloride
and hydroxide, permanently losing flux value.

). Burning at excessively high temperatures (



The sifted ash is loaded into wooden lye vats equipped with false slotted bottoms lined with rye

80°C

straw and unbleached linen fabric. Hot rainwater ( ) is poured over the ash bed,

dissolving the soluble salts: potassium carbonate (K2CO3), potassium sulfate (K2.5'04 ),

KCl C(ICOg

and potassium chloride ( )- Insoluble calcium carbonate ( ), magnesium

carbonate (MgCO3 ), and iron silicates remain behind in the spent ash bed. The dense
leachate is recycled through subsequent vats until its specific gravity reaches 1.15 to

1.20 g/cm® _

The concentrated lye is transferred into heavy cast-iron or beaten copper pans and boiled down
over an open flue until the water evaporates completely, leaving a dark brown salt crust known
historically as "black salts". These black salts are scraped out and roasted on the hearth floor

of a calcining reverberatory oven at 650°C to 700°C under an oxidizing airflow for 6 to 10
hours. This burns off residual organic carbon, tars, and sulfur compounds, yielding a refined,
snow-white potassium carbonate salt historically termed "pearlash” (Pottasche)®.

Silica sourcing requires hydraulic elutriation of glacial sands extracted from deep gravel pits to
avoid organic contamination’. The raw sand is passed through an upward-flowing water column
in an elutriation flume: light silts, mica flakes, and clay particles wash over the top, coarse gravel
sinks to the bottom, and medium quartz sands (0.1 to 0.4 mm grain diameter) settle in the
middle flumes'’. This sand is washed in dilute wood vinegar (pyroligneous acid from charcoal
production) to dissolve surface iron hydroxide films, rinsed three times in pure water, and dried.
While binary mixtures of silica and potash form a melt, the resulting compound is a
water-soluble potassium silicate ("waterglass") that slowly dissolves when exposed to boiling

water, moisture, and culinary acids. Calcium oxide (CQO) is an essential network stabilizer that
cross-links the silicate structure, rendering the resulting glass durable, insoluble, and resistant to
food acids®. To provide this stabilizer, high-purity limestone from the regional Riidersdorf

850°C , 950°C

quarries is calcined in a lime kiln at for 24 hours to drive off carbon

dioxide:

CGCOg + AH — CaO + COZ T

The resulting quicklime (CG’O) is slaked with minimal water, pulverized into an ultra-fine
powder, and sieved through 100-mesh screens before batch compounding*?.

Chemical Target Oxide % Practical Batch Functional Role in
Constituent / (Wedepohl Model) Mass (Per 100 kg Silicate Matrix



Batch Material

Silicon Dioxide (

SiOz)

Potassium Oxide (

K50,

Calcium Oxide (

CGO)

Magnesium Oxide

(MgO0,

Aluminum Oxide (

Al, Oy

Ferric Oxide (

F8203)

62.0%—-66.0%

16.0%—-19.0%

10.0%—-13.0%

2.5%—4.0%

1.5%-3.0%

0.3%—0.8%

Molten Glass)

65.0 kg
Hohenbocka Quartz
Sand

26.5 kg Calcined
K,CO;

Pearlash (

)

13.5 kg Calcined
Rudersdorf
Quicklime

Derived from 5.0 kg
Unwashed Beech
Ash

Derived from
refractory
clay/feldspathic
sand

Trace impurity in
local glacial sand

Primary network
former; provides
chemical inertness
and structural
hardness®°.

Primary network
modifier; breaks
Si-O bridging bonds
to lower melting
temperature™®.

Network stabilizer;
establishes
hydrolytic
resistance and
prevents
water-solubility®®.

Lowers liquidus
temperature and
inhibits
spontaneous
crystallization
during working™*.

Stabilizes the
viscosity curve and
increases
mechanical impact
strength®®.

Chromophore;
imparts the
authentic pale
olive-green tint of
traditional
Waldglas*.



Clean Salvaged Auxiliary Flux 30.0 kg Added Thermal seed core;

Cullet Cullet accelerates eutectic
liquid formation and
reduces energy
expenditure®®.

Raw batch compounds cannot be charged directly into high-temperature melting pots: light
pearlash and fine sands are swept away by furnace drafts, and the release of carbon dioxide (

CO; ) during carbonate decomposition causes boiling glass to foam violently over crucible
walls*. The raw batch is loaded into a dedicated fritting oven (Frittenofen) maintained at

800°C to 900°C for 12 to 18 hours*’.

The mixture is stirred continuously with long iron rakes. In this solid-state reaction zone, the
carbonates decompose, expelling water vapor and carbon dioxide, while beginning the
preliminary formation of potassium and calcium silicates*’. The powder sinters and collapses
into a spongy, semi-vitrified, crumbly mass known as "frit" (Fritte)*.

The frit is crushed into coarse aggregate, blended with 30 kg of clean cullet, and charged into

1100°C

preheated crucibles at in three sequential batches spaced two hours apart*’. The

1300°C  1350°

furnace blast is engaged to reach peak temperatures of t C %0 The frit melts

into a viscous liquid over 10 to 14 hours*’.

To eliminate entrapped microscopic bubbles ("seed"), fining (Lduterung) is initiated: an
unseasoned green beech bough is plunged to the bottom of the pot, triggering rapid pyrolysis
that releases a surge of large steam and gas bubbles, sweeping the micro-bubbles upward to
the surface. Simultaneously, a small pinch of rock salt is added; its instant vaporization forms
scavenging bubbles.

The floating scum of unreacted sulfates and chlorides ("glass gall" or Glasgalle) is skimmed off
with an iron ladle. Finally, furnace draft is reduced until the crucible cools to its working viscosity

1020°C ,_ 1080°C «,

plateau at t
Manual hollowware blowing proceeds using a hollow iron blowpipe (Glasmacherpfeife, 1.2 to
1.4 m long)®. The pipe nose is preheated, dipped into the melt, and rotated to gather 0.5 to 1.2
kg of molten glass. The gather is rolled across a chilled iron plate or oiled pearwood shaping
block (Marbelstein) to form a concentric parison®.

A sharp breath of air into the pipe, followed by thumb-capping the mouthpiece, creates an
expanding pocket of heated air that inflates a uniform central bubble®. The bubble is shaped by
free-blowing and swinging, or lowered into a carved pearwood dip-mold to fix its external
diameter.

A solid iron pontil rod (Nabeleisen) carrying a drop of hot glass is fused to the vessel base,
allowing the blowpipe to be cracked off at the neck via thermal shock using a cold, wet iron file.
The open neck is reheated at the furnace port, trimmed true with hand shears, and flared to
form the rim of a preserve jar or drinking vessel before being transferred into the annealing



lehr®.

Fabrication and Metrological Calibration of an Analog
Salinometer

Accurate density determination is essential for preserving food safely: regulating lactic acid
fermentations, monitoring meat curing, managing vinegar acetification, and controlling salt
recovery from regional brines*®.

A salinometer functions as an unconstrained floating body operating under Archimedes'
principle, which dictates that a body submerged in a fluid experiences an upward buoyant force

(FB ) equal to the weight of the displaced fluid volume*®:

Fp = pavid * 9 * Vsubmerged

Where Puid s fuid density, 9 is local gravitational acceleration, and VSmeergE’d is the

submerged volume of the instrument*®. In hydrostatic equilibrium, downward gravitational force
balances buoyant force, establishing the mass equilibrium*®:

Miotal = Pfluid * I/;ubmerged

Because instrument mass ( total ) is constant, submerged volume varies inversely with fluid

density*®. In dense brines, the instrument displaces a smaller fluid volume, floating higher in the
column®®. The narrow cylindrical stem translates variations in displaced volume into readable
axial displacement:

Ah = =
Astem Astem

AV Myiotal ( 1 1 )
PL P2

2
A . uibs . . e
Where *stem represents stem cross-sectional area ( 4 )*®. High metrological sensitivity

)48.

GM

For the instrument to float vertically without listing or capsizing, its metacentric height ( )
must remain positive*®:

requires a large bulb volume combined with an exceptionally narrow stem diameter (



GM = KB + BM - KG

Where KB is the height of the center of buoyancy above the keel, BM is the metacentric

radius, and KG is the height of the center of gravity above the base*®. The metacentric radius
_ zD*
is calculated from the waterplane transverse moment of inertia (I ~ 64 )and displaced

volume (‘-/submerged )48:

I wD*

BM = =
I/submerged 64 - I/submerged

Because stem diameter (D ) is small, I approaches zero, meaning the metacentric radius

BM ~ ( )48

provides virtually no righting stability ( . Therefore, metacentric stability requires

depressing the center of gravity (KG ) fundamentally below the center of buoyancy ( )48

KG < KB

If KG> KB , the salinometer will heel over horizontally, destroying measurement
reproducibility*®. This physical requirement dictates salinometer geometry: a large, air-filled

upper bulb to maximize volume and raise KB , paired with a dense ballast concentrated at the

bottom tip to pull KG downward*®.
When the glass stem breaks the liquid-gas interface, adhesive forces form a meniscus that

exerts a continuous downward capillary force (F'Y )*8:

F,=~v-7D - cosf

Where v is the surface tension coefficient and 0 is the fluid-glass contact angle*®. Sodium

N

chloride ( aCl ) is a strong electrolyte that increases the surface tension of water via



negative surface adsorption*®. While pure water at 20°C exhibits a surface tension of

72.8 mN/m c~ 26.4 wt%

, a saturated sodium chloride brine ( ) reaches approximately

82.5to 84.0 mN/m 48 Under DIN 12791, brine hydrometers must be calibrated as Class
H (High Surface Tension) instruments*®.

D ’
The standard metric for brine concentrations is the Baumé Heavy Scale ( Bé ), defined
mathematically relative to specific gravity (SG ) at the reference temperature of 60°F (
15.56°C ) or 200048:
145 145
SG = —— — ‘Bé =145 — | —
145 —° Bé ( SG)
Baumé Density Specific Gravity NaCl Preservative &
(°Bé) (SG20/20) Concentration (wt Culinary Function
%) in Agrarian
Settlement
0.0°Bé 1.0000 0.0% Pure distilled water
baseline calibration
point*®.
3.0°Bé 1.0211 2.9% Mild lactic
fermentation brine
for Spreewald
gherkins®.
5.0°Bé 1.0357 4.8% Standard lactic
vegetable brine
(string beans, green
tomatoes, turnips).
10.0°Bé 1.0741 9.8% Short-term holding

brines for fresh fish
and mushroom
preservation.



15.0°Bé 1.1154 14.8% Intermediate
wet-curing brine for
pork primals, bacon,
and hams.

20.0°Bé 1.1600 20.4% Heavy preservation
brine; long-term
shelf stability
without
refrigeration.

24.6°Bé 1.2045 26.4% Fully saturated
sodium chloride
brine (2000
reference
calibration anchor)®.

Fabricating the salinometer begins with selecting a uniform cylindrical borosilicate or soda-lime
glass tube (14 to 16 mm outer diameter, 1.0 mm wall thickness, 180 to 220 mm length)*®. The
tube is rotated over a concentrated charcoal or oil-lamp blowpipe flame; when softened, the
upper third is drawn down to form a narrow stem (5 to 6 mm outer diameter, 100 to 120 mm
length), while the lower portion remains a wide bulb®'. The bottom of the bulb is heated,
rounded, and sealed®®.

Ballasting requires concentrated, dense mass at the base*®. Commercial lead shot (Pb) or small
copper/bismuth pellets are loaded into the bulb’. The open assembly is floated in pure distilled

water at ZOOC: ballast is incrementally added until the instrument floats vertically, with the
water meniscus resting roughly 10 mm below the top of the narrow stem*®.

To lock this center of gravity permanently and prevent the shot from shifting (which would induce
an asymmetrical list and destroy calibration), molten pine rosin or high-melting-point sealing wax

> 80°C

( ) is poured over the pellets to encapsulate them*®. A strip of dry rag paper marked
with temporary registration lines is inserted into the stem, and the upper glass tip is drawn down
to a capillary and fused shut in a flame, hermetically isolating the interior*®.
Two-point empirical calibration is executed using two physical standards*®:

1. Reference Solution A (Pure Water Baseline): The sealed instrument is placed in boiled,

SG = 0.9982

cooled rainwater or distilled water maintained at 20°C ( , corresponding

to 0-OOBE)“B. After tapping the glass to remove bubbles, the bottom of the fluid meniscus
is sighted horizontally and scribed onto the glass stem using a sharp diamond point or
triangular file*®.



2. Reference Solution B (Saturated Halite Solution): Pure sodium chloride is dissolved in
boiling distilled water until excess solid salt crystals remain undissolved at the bottom*®.

The solution is cooled to 20°C and the clear, saturated brine is decanted*®. This solution

possesses an exact concentration of 26.43 wt7 NaCl

SG = 1.200 24.

, and a density of 6°Be 6 The salinometer is immersed in this brine;
the increased buoyant force pushes the instrument upward*®. The new meniscus level is
scribed on the stem?.

Because submerged displacement volume varies non-linearly with fluid density, the scale

0°Bé _ 4 24.6°Bé

, a specific gravity of

are not equally spaced. The distance y(B) from

markings between a
the 0°Bé datum line down to any specific Baumé degree B is calculated via:
(B) =L 12 I B 120.4
y - total 1 - 1451224.6 - total 24.6 145 — B

Where Ltc’tal is the measured distance between the zero and saturation marks. Intermediate

5° 10° 15° 20°Bé

graduations (~ ) are laid out on the internal scale paper using a
hand-divided rule matching these calculated ratios.

The Canning-Jar Crisis: Seals, Closures,
Thermodynamics, and Food Safety

Preserving food through domestic canning is frequently misunderstood as a universal, simple
process. In the absence of industrial supply chains, canning becomes dangerous. The primary
bottleneck is not forming the glass jar itself, but maintaining a long-term hermetic seal and
achieving temperatures high enough to destroy heat-resistant bacterial spores®?.

Closure Mechanism Mechanical & Chemical Preservative Efficacy &
Failure Modes Pathogenic Risk Profile
Beeswax / Tree Rosin Thermal embrittlement; Fails vacuum retention.
Direct Pour Seal fractures under negative Usable only as a physical
pressure during vacuum dust and insect barrier for
formation; creeps and high-sugar preserves (
softens at ambient
Ay <) orhigh-acid

temperatures > ; vinegars.



Tallow-Soaked Linen /
Bladder over Glass Lid

Vegetable-Tanned Leather
Gasket under Clamp

Wired Cork Bung (Nicolas
Appert Method)

dissolves when contacting
food lipids.

Capillary wicking of
moisture along fibers;
oxidative rancidity of fats;
permeable to atmospheric
oxygen; susceptible to
fungal colonization.

Leaches bitter astringent
tannins into food:;
denatures, hardens, and
shrinks under steam
exposure; loses elasticity
upon cooling, breaking the
vacuum seal.

Highly porous; trapped
gases inside cork expand
and unseat closure during

Severe failure risk. Cannot
sustain internal hermetic
vacuum; leads to secondary
mold growth and aerobic
spoilage within 30 to 60
days.

Unreliable. High failure rate

(> ) during cooling
contraction; allows air
ingress and subsequent
microbial spoilage.

Marginally viable for
high-acid fruits only. High
spoilage loss rates (15% to

boiling; cork dries, shrinks,
and permits oxygen
diffusion over time.

30%) due to mold
penetration through
lenticels®.

The thermodynamics of domestic canning depend on heat transfer and pressure differentials®.
During boiling, the food expands, and unbound moisture vaporizes into steam, pressurizing the
headspace®. The jar closure must function as a one-way mechanical check valve: it must yield
slightly to let expanding hot air and steam exhaust outward, yet seat firmly to prevent
surrounding processing water from entering®®.

When the jar is removed from heat, the trapped water vapor condenses back into liquid water,
creating a sharp drop in internal pressure®®. Atmospheric pressure (101.3 kPa at sea level)
pushes downward against the lid, compressing the gasket to forge a hermetic seal®.
Non-industrial materials fail during this transition: waxes crack under thermal stress, while stiff
leather or dry cork fails to conform to the glass rim, allowing air to leak into the headspace and
destroying the vacuum.

The central microbiological danger in preserved food is Clostridium botulinum, an obligate
anaerobic, spore-forming soil bacterium ubiquitous in terrestrial soils®. In its spore state, C.
botulinum encases its genetic material in a desiccated core containing dipicolinic acid chelated
with divalent calcium ions, protected by a dense, cross-linked peptidoglycan cortex and protein
coat™.



e Group | (Proteolytic strains; toxin types A, B, F) are mesophilic bacteria that produce
heat-resistant endospores®. Their thermal resistance parameters are established as a

decimal reduction time at 121.1°C of D121'1 = 0.21 minutes

z =10.0°C 18.0°F 2

resistance coefficient of (

, with a thermal

. Group | strains are inhibited from
germinating and producing toxin at an equilibrium pH of 4.6 or lower®>.
e Group Il (Non-Proteolytic strains; toxin types B, E, F) are psychrotrophic bacteria capable

[e]
of slow vegetative growth and toxigenesis down to 3.3°C %3 While their spores are less

heat-resistant (D82.2 ~ 2.0 minutes ), they can germinate in refrigerated,

vacuum-sealed foods if the pH is above 5.0%.
The lethal dose of botulinum neurotoxin (BoNT) is small: an oral dose of less than one
microgram can cause severe human death via flaccid respiratory paralysis®®. BoNT is a
zinc-dependent endopeptidase that cleaves peripheral cholinergic SNARE proteins (SNAP-25,
syntaxin, or synaptobrevin), permanently blocking synaptic acetylcholine release at the
neuromuscular junction®.
To eliminate heat-resistant Group | spores in low-acid foods, international safety standards
mandate the "botulinum cook"—a process delivering a 12-decimal-reduction (12-D) of the spore
population®?:

t
Fy = / 1075 dt > 12 x Dy q = 12 x 0.21 = 2.52 minutes
0

100°C

Because water boils at under atmospheric pressure, achieving an internal temperature

of 121.1°C

requires saturated steam under 103 kPa (15 psi) of gauge pressure inside a

100°C D

pressure vessel®?. At , the -value of Group | spores jumps to approximately 50 to
100 minutes (depending on substrate composition)®>.

Delivering a 12-D reduction in an atmospheric water bath would require uninterrupted boiling for
10 to 20 hours. Such prolonged cooking completely degrades the nutritional value and texture of
food, and remains unreliable because surviving super-dormant spores can still germinate in the
resulting anaerobic jar*?.

The universally accepted canning threshold of pH 4.6 is rooted in the physical chemistry of
weak organic acids and the collapse of cellular bioenergetics®. Highly acidic solutions alone do
not inhibit spores; rather, inhibition is driven by undissociated organic acid molecules (citric,

malic, acetic, or lactic acid)53.



ot = o, + 1og (7t

+
The charged lipid bilayer of a bacterial cell is virtually impermeable to charged protons ( )

and dissociated acid anions ( )*%. However, when external environmental pH is driven below

pK, HA

the acid’s value, a large fraction of the acid shifts into its neutral, uncharged state (
)*%. In this form, it diffuses freely across the cell membrane into the bacterial cytoplasm (which is

maintained at near-neutral pH "~ 7.0 )2
Upon encountering this neutral internal environment, the acid dissociates completely, releasing

free protons that acidify the cytoplasm®. To maintain the internal proton motive force required

Jr
for survival, the bacterium expels these protons through membrane-bound -ATPase

pumps, rapidly depleting its ATP reserves®. This energy starvation, combined with the toxic
intracellular accumulation of organic acid anions, keeps C. botulinum spores locked in
dormancy, preventing vegetative outgrowth and toxin synthesis®:. Consequently, foods acidified

100°C

below pH 4.6 require only atmospheric boiling water baths ( ) to kill active vegetative
cells, yeasts, and molds®®.
A frequent and dangerous error in domestic food preservation is assuming that adding vinegar,
lemon juice, or high-acid tomatoes to a low-acid meat sauce (such as a Bolognese) makes it
safe for atmospheric water-bath canning®.

e Fresh meat tissue exhibits an equilibrium pH of 5.6 to 6.2°°.

e Muscle tissue possesses high buffering capacity (50 to 55 mmol/ (pH ' kg)
driven by myofibrillar proteins (actin and myosin), histidine residues, the dipeptide
carnosine, and inorganic orthophosphates®®. When acid is added to meat, basic amine

NH;

)

groups (_NH2 ) immediately bind free protons to form ammonium groups ( ),
sequestering the acid and preventing the overall solution pH from dropping®?.

e As meat cooks inside the jar, thermal denaturation uncoils complex protein structures,
exposing additional basic functional groups that bind remaining protons, causing the pH to
drift upward during storage®”.

e The fats and lipids in meat coat bacterial spores in a hydrophobic layer, shielding them
from heat transfer and moisture®.

Consequently, meat sauces processed in atmospheric water baths settle at an equilibrium pH
above 4.6, creating an anaerobic environment where surviving C. botulinum spores germinate
and produce lethal neurotoxins®®. Under non-industrial conditions, meats must never be

preserved via water-bath canning®.



Fermentation, Stoneware, Brining, and Classical
Preservation

Because non-industrial communities cannot safely can low-acid foods without manufactured
pressure vessels, agricultural preservation must pivot toward traditional methods: salt-glazed
stoneware fermentation, heavy salting, confit fat capping, smoking, and dehydration®*.

The primary technical vessel for vegetable preservation in the North German Plain is the
salt-glazed stoneware fermentation crock (Gértopf), developed historically throughout the
Rhineland, Westerwald, and Brandenburg®. Stoneware clays (rich in silica and alumina) are

1200°C-1260°C

wheel-thrown or slip-cast into thick-walled pots and fired in a wood kiln to ,
driving vitrification of the clay wall to eliminate porosity®'. At peak temperature, rock salt (

NaCl ) is thrown directly into the firebox?. The salt volatilizes in the presence of water vapor
from the combustion wood, dissociating into sodium oxide and hydrogen chloride gas'":

2NaCl + H,O + AH — NayO + 2HCL 1

The reactive Na,O vapor attacks the surface silica and alumina of the pots, synthesizing a

durable, glassy sodium aluminosilicate glaze with a distinctive orange-peel texture''. This
smooth glaze resists attack by strong organic acids and prevents brines from seeping through
the container wall"'.

The upper rim of the crock incorporates a deep, continuous channel (Wasserrinne) into which
the flange of a heavy, domed lid sits*°. The channel is filled with clean water (optionally dosed
with salt or vinegar to prevent insect oviposition)*’. This design creates a reliable, one-way liquid

gas lock: carbon dioxide ( 0, ) generated by lactic acid bacteria builds positive pressure
inside the crock, bubbling outward through the water seal, while atmospheric air, oxygen,
vinegar flies, and airborne mold spores (Kahmhaut) are completely blocked from entering®'.

The packed vegetables are held under the brine by two unglazed, vitrified semi-circular
stoneware weights®. Submergence is critical: any vegetable tissues that float above the brine
surface enter an aerobic interface where molds and oxidative yeasts can grow, consuming lactic

acid, raising the solution pH, and allowing secondary pathogenic contamination®.



When fresh brassicas or cucurbits are salted and submerged, this orderly succession of
endogenous lactic acid bacteria takes place. Leuconostoc mesenteroides initiates growth
rapidly in moderate salt conditions, producing D-lactic acid, acetic acid, ethanol, and carbon

dioxide®®. The evolution of O,

creating strict anaerobic conditions®®.
As acidity drops below pH 4.5, acid-sensitive competitors and early Leuconostoc strains die
back®®. Acid-tolerant species—primarily Lactiplantibacillus plantarum and Levilactobacillus
brevis—take over the fermentation, metabolizing remaining simple sugars into pure L-lactic acid,
driving the final equilibrium pH down to between 3.5 and 3.8%. At this acidity, all pathogenic
bacterial growth, including Clostridium botulinum, is completely suppressed®.
Regional preservation applications in Brandenburg follow specific recipes:

e Spreewald Salt-Gherkins (Spreewélder Salzgurken): Gherkins (Cucumis sativus) grown in

the damp, sandy-humic alluvial soils of the Spree forest represent a regional preservation

3.5 to 5.0 wt% NaCl (3.0° to 4.5°Bé

checked with the salinometer)®'. Layer oak leaves (Quercus robur), sour cherry leaves

purges residual oxygen from the brine and headspace,

tradition®’. Prepare an aqueous brine of

(Prunus cerasus), or horseradish root slices (Armoracia rusticana) among the gherkins®'.
These plant additions release hydrolyzable and condensed tannins into the brine, which
bind to and inhibit fungal polygalacturonase (pectinase) enzymes that would otherwise
hydrolyze the gherkins' cell walls, ensuring the preserved cucumbers remain firm and
crisp. Pack the crock with fresh dill umbrellas, mustard seed, and peeled garlic®'.

18°C
8C

Submerge under the stone weights and seal the water gutter’®. Ferment at
20°C for 7 to 10 days until active bubbling subsides, then store in a cold cellar (

o]
12°C ) for up to 10 months*®.
e Brandenburg Sauerkraut: Finely shred late-harvest white cabbage (Brassica oleracea var.
capitata), discarding the core and bruised outer wrapper leaves®. Toss the shredded

2.0 t0 2.2 wt%

)56

cabbage uniformly with pure coarse rock salt (20 to 22 grams of salt
per kilogram of cabbage)™. Pack the salted cabbage tightly into a clean stoneware crock
in thin 10 cm layers, crushing each layer firmly with a heavy wooden stamper



(Krautstampfer)>®. The mechanical impact fractures plant cell membranes, allowing the
osmotic pull of the salt to draw out cellular juices, forming a natural brine that completely
submerges the leaves within two hours. Cover with clean, boiled cabbage leaves, place
the split weights, and fill the water gutter™®. Ferment for 14 days at 18°C , followed by
long-term cellar maturation®’.
Preserving low-acid animal proteins (pork, goose, duck) without industrial refrigeration requires
removing unbound tissue water and creating an airtight seal®>. Meat cuts are rubbed with a dry
cure of coarse salt, cracked pepper, and herbs (30 to 35 g salt per kilogram of meat) and held

for 24 to 48 hours at cold cellar temperatures (4 C to 8°C ), drawing out unbound water.
The cured meat is submerged in liquid rendered pork lard or poultry fat inside a heavy iron

85°C  95°C
100°C

below the boiling point of water ( ) slowly evaporates moisture from the muscle tissues
without boiling or toughening the meat fibers. Cooking eliminates vegetative pathogens, while

cauldron and cooked gently at for 3 to 5 hours. Keeping the temperature

prolonged exposure to salt lowers the water activity (Aw ) of the meat below 0.88.

The cooked meat is packed tightly into dry, preheated, salt-glazed stoneware crocks
(Schmalztépfe). Hot, clarified, rendered fat is poured over the packed meat through a fine linen
filter, ensuring all meat tissues are submerged under at least 25 to 30 mm of pure, liquid fat. The
fat solidifies into a dense, continuous lipid barrier that locks out atmospheric oxygen, preventing

o] (o]
aerobic fungal growth and bacterial recontamination. Stored in a dark cellar (6 C to 10°C ),
confit remains shelf-stable for 6 to 12 months. When removing portions for dining, meat is
scraped out with clean utensils and additional melted fat is poured over the remaining contents
to restore the continuous lipid seal.

Quantitative Community Operations, Failure Modes,
and Occupational Safety

Operating an agrarian micro-community of 300 individuals (approximately 60 to 75 households)
in the Berlin-Brandenburg region requires quantitative planning of pyrotechnic inputs, glass
resources, labor allocations, and microbiological safety margins.

Operational & Base Household (4  Micro-Community Technical Notes &
Resource Metric People) (300 People) Regional Context
Annual Preserved 750 kg net 55,000-65,000 kg Based on 180

Food Target preserved weight net weight winter days; covers

calories from kraut,
root crops, confits,
and salt pickles.



Vessel Fleet
Requirement

Glass Furnace
Campaigns

Seasoned
Hardwood Fuel
Quota

Raw Ash
Extraction &
Potash

Direct Labor
Deployment

Primary Failure
Mode

Devitrification
(Phase
Separation)

25x 10L Stoneware
Crocks; 80x
Ground-Stopper
Jars

1 campaign / year
(3 operating days)

3.0 Prussian Klafter

(~ )

15 kg Ash — 2.0
kg Pearlash

180 Total Labor
Hours

Root Physical /
Biochemical
Cause

Melt held too long in
the

800°C-950°C

crystallization zone;

1,200x 10-25L
Stoneware; 4,000x
Glass Jars; 500x
Carboys

4—6 campaigns /
year (18-24
operating days)

24.0 Prussian

Klafter (
~ )
250 kg Ash —

35.0 kg Pearlash

2,400 Total Labor
Hours

Diagnostic
Verification
Method

Microscopic
examination (10x
lens) reveals
star-shaped or
spherulitic white

Includes 54L
carboys
(Gérballons) for
vinegar, cider, and
wine fermentation®.

Conducted during
late spring and early
autumn to avoid
freezing weather
and harvest peak.

Beech and oak
roundwood split to 5
cm; seasoned 24

months to <
moisture content®.

Derived from
dedicated beech
hearths and
seasonal bracken
fern harvesting®.

Equivalent to a
permanent,
seasonal
four-person guild
(melter, blower,
cutter, potter).

Field Correction &
Salvage Protocol

Adjust batch
stoichiometry:
increase refractory
clay/alumina (



Thermal Shock
Preserving Failure

Salinometer
Calibration Drift

Fermentation Soft
Rot (Pectinolysis)

batch contains
excess calcium or
insufficient alumina.
Cristobalite
nucleates, turning
glass cloudy and
brittle*°.

Residual cooling
strain from
inadequate
annealing in lehr;
cooling through

550°C—-490°C
exceeded
1.5°C/mir
locking tensile

stresses into vessel
base?".

Internal paper scale
slips downward
inside stem; lead
shot ballast shifts
due to softening
pitch; caustic brine
leaches surface
silicates'®.

Brine salinity
dropped

<

vegetables floated
above brine;
temperatures

exceeded 2500.
Pectinolytic
enzymes hydrolyze
vegetable tissue®".

crystal blooms
within the glass
wall.

Polariscopic
inspection shows
bright chromatic
birefringence rings;
vessel cracks
during hot filling.

Float instrument in
boiled pure water at

200c; reading fails
to align with

0.0°B¢€ yatum

line*®,

Vegetable matrix
becomes slimy, soft,
and mushy;
offensive butyric
amine odors; pH
rises above 4.5.

Aly 03) fraction by
1.5%; elevate
melting
temperature; cool
rapidly through the
nucleation zone®.

Re-anneal salvage
inventory: heat

slowly to 545OC,
soak 60 min, cool at
1.0°C/mir.
pre-warm all

preserve jars before
filling®".

Re-fuse top
capillary stem;
replace ballast
binding matrix with
high-temperature
pine pitch/calcined
gypsum; recalibrate
against saturated
halite*®.

Discard batch;
clean crocks with
boiling water and
quicklime wash;
re-salt to

>

; ensure stone
weights hold
contents
submerged™’.



Moat Airlock Water in Visual inspection Replenish water

Desiccation circumferential reveals dry trough; seal weekly; float a
crock gutter wrinkled, white thin layer of refined
(Wasserrinne) surface pellicle of rape or hazelnut oil
evaporates during oxidative yeast on moat water to
warm spells, (Kahmhaut) on retard evaporation;
allowing air brine®. skim yeast pellicle
ingress®®. immediately®’.

Occupational and food safety hazards must be stated plainly:
e Silicosis and Respiratory Fibrosis: Crushing, ball-milling, and sieving quartz rocks, sands,

and calcined grog creates respirable crystalline silica dust (< 5 pm particle size).

Inhaling silica dust causes irreversible pulmonary fibrosis (silicosis), permanently
impairing lung function. Operators must execute all crushing, grinding, and dry sieving
operations outdoors downwind, or fully submerge minerals under water slurries (wet
processing). Anyone handling dry mineral powders must wear close-fitting, multi-layer
oiled linen or fine wool face coverings.

e Pyrotechnic Explosions and Thermal Radiation: Introducing damp batch materials or wet
charging tools into a red-hot crucible causes immediate steam explosions, showering the

1200°C

workshop with molten glass at . All tools, charging scoops, and cullet must be
thoroughly preheated on the furnace crown before contacting the melt. Working around
glowing furnaces without eye protection causes infrared cataracts ("glassblower's
cataract") through thermal protein denaturing in the ocular lens; operators must look
through dark cobalt-blue glass filters or polished smoked sheets when inspecting the melt

interior.
e Toxic Heavy Metal Poisoning: Heating, cutting, or acid-cleaning lead crystal releases
24
soluble lead ions ( ). Workers must never melt unknown, highly refractive heavy

glass stock without positive identification. Lead storage containers leach neurotoxic lead
into acidic food preserves (vinegar, fermented vegetables, tomatoes, wines), causing
chronic lead poisoning (saturnism, colic, encephalopathy). Sourcing natural mineral
colorants (such as cobalt or copper ores) without chemical analysis risks vaporizing
arsenical impurities into the workshop air; mineral calcining must be conducted under
high-draft exterior flues®.

e Foodborne Botulism Fatalities: Foodborne botulism remains the most lethal
microbiological risk in non-industrial food preservation. Botulinum neurotoxin produces no
obvious discoloration, bad odor, gas swelling, or off-taste in contaminated preserves: food
containing lethal amounts of toxin can look, smell, and taste normal. Low-acid foods
(meats, fish, poultry, unacidified vegetables, mushrooms) must never be canned in
hot-water baths under non-industrial conditions. Because botulinum neurotoxin is a
heat-labile protein, any preserved food of uncertain background, preserved vegetable
matrix near the pH 4.6 borderline, or jar that experienced a weak vacuum seal must be



subjected to a rolling boil throughout its entire mass at 100°C for a minimum of 10 to 15
continuous minutes before tasting or serving®®. Sustained thermal exposure at these
temperatures denatures and destroys active neurotoxin proteins, providing an essential
final safety backstop for the dining table®?.

Technical Synthesis and Conclusions

Maintaining a civilized table and reliable kitchen operations in the Berlin-Brandenburg region
without industrial supply chains requires an integrated approach across material science,
pyrotechnology, and food preservation:

Cold-working existing salvage glass stocks meets near-term needs for jars, tumblers, and
instruments without the high fuel consumption of raw synthesis. Standardizing on DIN
12242 1:10 ground-glass tapers provides vapor-tight, inert closures that avoid reliance on
perishable rubber and metal lids>°.

As salvage stocks diminish, the community can rebuild potassium-calcium silicate
synthesis by adapting the Waldglas methods practiced at the historic Baruther Glashtitte
and Neuglobsow operations®. This process utilizes local resources: Hohenbocka-grade
quartz sands, beech-ash pearlash, and calcined Rudersdorf limestone'”.

Analog salinometers can be fabricated from salvaged tubing, stabilized with dense ballast,
and calibrated against pure water and saturated brine to provide consistent
measurements across curing, fermentation, and salt-extraction workflows®.

Attempting to reproduce industrial canning for low-acid foods without tested pressure
vessels carries an unacceptably high risk of foodborne botulism®2. The household and
expanding community must transition their preservation core to salt-glazed vitrified
stoneware crocks (Gértdpfe), lactic acid fermentation, confit fat-capping, salt curing, and
cellar storage®®. This operational model balances historical craft precedents with
microbiology to sustain a stable, safe, and civilized table.
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