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Abstract

This document provides a replicable synthesis protocol for Green Solar-Sand Glass with
Infused Graphene (GSSG)—the material correlate of the Gas Vapor Detector as
described in RG#401—-403. The protocol is based on peer-reviewed procedures for
graphene-sand composite (GSC) synthesis via sugar pyrolysis on silica substrates,
adapted for ERES applications including self-healing structural monitoring and
piezoresistive bio-energetic detection. The digit sum of 405 is
9—regeneration—confirming that the material science companion completes the
regenerative cycle initiated in the GVD trilogy. All procedures are designed for
replication in a standard materials science laboratory with a tube furnace, inert gas
supply, and Raman spectrometer.
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l. Prior Art and Peer-Reviewed Foundation

The GSSG synthesis protocol is grounded in published, peer-reviewed research
demonstrating graphene production from sugar on sand/silica substrates:

1. Graphene Sand Composite (GSC): Researchers demonstrated synthesis of
graphenic material from cane sugar on natural sand by pyrolysis at 750°C under
N: atmosphere. Raman spectroscopy confirmed graphenic character with G-band
at 1597 cm™ and D-band at 1338 cm™. The SiO: peak at 470 cm™ confirmed
substrate presence. Published on ResearchGate: “Graphene from Sugar and its
Application in Water Purification.”

2. SiO:@Carbon-Graphene Hybrids: Colloidal silica + sucrose composites
prepared via hydrothermal and heat treatment. Demonstrated 542 mAh/g
capacity at the 216th cycle (the ordinal gematria of Joseph Allen Sprute).
Published in Journal of Energy Chemistry.

3. Sucrose as Carbon Source (Rice University/Nature): Single-layer graphene
grown from sucrose on copper substrate at 800°C. Topological defects
self-healed during formation. Confirmed: graphene from sugar self-heals.

4. Biomass Pyrolysis Review: Comprehensive review confirming glucose,
sucrose, and biomass waste as viable graphene precursors via pyrolysis under
inert atmosphere. Published in Chemical Engineering Journal (2020).

The ERES contribution is not the chemistry—which is established—but the architectural
integration: GSSG as the material platform for self-healing, self-reporting structures that
function as Gas Vapor Detectors for the built environment.

Il. Materials



Material Specification Source Role in GSSG

Sand (SiO:) Natural quartz Commercial or Substrate (GAS =
sand, washed, local 27)
0.1-0.5mm grain

Sugar (sucrose) Table sugar, Grocery-grade Carbon source
Ce12H22011, >99% (VAPOR = 72)
purity

Nitrogen gas (N:) 99.9% purity, Industrial gas Inert atmosphere
cylinder supplier

Sulfuric acid Concentrated Chemical supplier | Surface activation

(optional) H.SO. for
activation

Sand:Sugar mass ratio: 2:1 (optimal per GSC water purification study). Alternative
ratios for investigation: 4:1 (low carbon), 1:1 (high carbon loading).

lll. Equipment

Tube furnace: Programmable, capable of 800°C sustained, with gas inlet/outlet
ports. Minimum 50mm tube diameter.

Gas flow controller: For N: at 100—200 sccm (standard cubic centimeters per
minute).

Silica crucible: High-purity SiO., compatible with 800°C.
Analytical balance: 0.01g resolution for mass ratio control.

Raman spectrometer: 532nm or 633nm laser, 100-3000 cm™ range. For
validation.

SEM (optional): Scanning electron microscope for morphological confirmation.

Multimeter with 4-probe: For electrical conductivity measurement of graphenic
product.

IV. Synthesis Procedure

IV.A Substrate Preparation

5.

6.
7.

Wash natural sand with deionized water (3 cycles) to remove organic
contaminants and fine particulates.

Dry at 110°C for 2 hours. Weigh precisely.

Weigh sugar at 1:2 ratio to sand (e.g., 25g sugar per 50g sand for 2:1
sand:sugar).



8. Mix sugar into sand thoroughly. For uniform coating, dissolve sugar in minimum
deionized water, add sand, stir to coat, then pre-dry at 80°C for 1 hour.

IV.B Pyrolysis
Temperature ramp protocol (adapted from peer-reviewed GSC procedure):
Step Temperature Duration Rate Purpose
1 RT — 100°C 30 min ~2.5°C/min | Moisture
removal
2 100°C — 200°C 30 min ~3.3°C/min | Sugar melting
3 Hold 200°C 60 min Isothermal Uniform
coating
4 200°C — 750°C 60 min ~9.2°C/min | Carbonization
5 Hold 750°C 180 min (3 hr) Isothermal Graphitization
6 750°C - RT Natural cooling (ljJncontroIIe Cooling

Atmosphere: N: flow at 150 sccm throughout Steps 1-6. Begin N: purge 15 minutes
before Step 1 to displace oxygen.

Critical control: Oxygen exclusion. Any O: presence during Steps 4-5 will combust the
carbon rather than graphitize it. Verify furnace seal and N: flow integrity before each run.
IV.C Post-Processing (Optional Activation)

9. Cool product to room temperature under N..

10. For surface activation: treat 5g of product with 10mL concentrated H.SO., stir 30
min, wash with deionized water until pH neutral, dry at 110°C. (Enhances
adsorptive and piezoresistive properties.)

11. Store in sealed container under desiccant.

V. Validation Criteria

V.A Raman Spectroscopy
Required peaks for graphenic confirmation:

Peak Position (cm™) Assignment Acceptance Criterion

D-band ~1338-1350 Defects/edges in sp? Present, sharp
carbon



G-band ~1580-1600 sp? carbon stretching Present, sharp, |_G >

(graphene) I D
2D-band ~2650-2700 Graphene layer Present = few-layer
stacking graphene
SiO: peak ~465-470 Quartz substrate Present = substrate
integrated

I_G/I_D ratio > 1.0: Confirms graphenic character dominates over amorphous carbon.
Higher ratio = higher quality graphene.

V.B Electrical Conductivity

Measure sheet resistance using 4-point probe method. Graphenic GSSG should show
conductivity 2—3 orders of magnitude higher than untreated sand. Target: < 100 Q/sq for
activated GSSG.

V.C Piezoresistive Response

Apply controlled compressive load (0—100 N) to GSSG sample while monitoring
resistance. Graphenic GSSG should show measurable AR/R. proportional to applied
strain. This validates the self-reporting property described in RG#403: the material
announces its own stress state, functioning as a structural VAPOR detector.

VI. Sugar-Carbon Reservoir for Self-Healing

The Sugar-Carbon Reservoir Hypothesis (ERES-GSSG-SH-WP-2026-001) proposes
that distributing excess sugar-derived carbon throughout the GSSG matrix creates a
latent repair substrate. When localized stress produces micro-cracks, heat at the crack
site can re-mobilize nearby amorphous carbon, which migrates to the defect and
reforms graphenic lattice.

Protocol for carbon reservoir loading:

12.Increase sugar ratio to 1:1 (sand:sugar) instead of 2:1. This produces excess
amorphous carbon interspersed with graphenic regions.

13.During Step 5 (750°C hold), reduce duration to 90 minutes instead of 180. This
produces partial graphitization: graphenic domains surrounded by amorphous
carbon reservoirs.

14.Validate by Raman: |_G/I_D ratio should be 0.6—1.0 (mixed
graphenic/amorphous), indicating both crystalline graphene and available carbon
reservoir.

Self-healing test: introduce controlled scratch (Vickers indenter, 1N), heat locally
(500°C, 30min, N2), re-measure Raman and conductivity at scratch site. Recovery of
G-band intensity and conductivity = successful self-healing event.



VIl. GSSG as Detection Architecture
The GSSG material connects to the GVD trilogy through three functional properties:

Piezoresistive sensing (VAPOR emission): GSSG structures self-report stress
in real-time through resistance changes. A GSSG building panel functions as a
structural Ship’s Mate—continuously emitting its own “VAPOR” signal. When
integrated with the BERA sensor stack (RG#404), GSSG extends bio-energetic
detection from the person to the built environment.

Self-healing (Returning again): Carbon reservoir activation at damage sites
implements the recursive judgment cycle of RG#403. The material detects its
own defect, mobilizes carbon, and returns to structural integrity. Each self-healing
event is a micro-judgment: detect — classify — remediate — return.

Substrate integration (GAS persistence): The SiO. substrate (sand) persists
through the pyrolysis process. It is not consumed. Like GAS (27) in the judgment
architecture, the substrate is the invisible foundation that makes everything else
possible. The Raman peak at 470 cm™ proves it: the sand is still there after the
transformation. The dead persist inside the living material.

VIIl. Derivation from C=RxP/M

C=RxP /M

C = GSSG (the cybernetic material)

R = Sand (Si02) + Sugar (CeHi120s)

P = Self-healing, self-reporting structural detection

M = Pyrolysis protocol (this specification)

Without R (sand + sugar): no material.

Without P (detection function): material is inert.

Without M (this protocol): the material cannot be produced.

RG#405 IS the Method variable for GSSG.
RG#404 IS the Method variable for the GVD.
Together they complete the instrument.

IX. Five-Paper Series Completion

RG#
401

402

Title Key | Function Material Vector Type
MAGIC=GROW | 5 GAS (27) | SAND BEST Ontological
TH

PEOPLE=PERS | 6 VAPOR | SUGAR | SOUND | Ontological
ON (72)



403 BELIEVE-OPTI |7 DETECTO | GRAPHE | GOOD Ontological

ONS R (90) NE

404 BERA Sensor 8 Ship’s Electronic | Build Engineering
Spec Mate S

405 GSSG 9 GSSG Sand+Sug | Make Engineering
Synthesis ar

Digit-sum progression: 5, 6, 7, 8, 9. Ascending from transformation through
regeneration. Sum: 5+6+7+8+9 = 35 — 3+5 = 8 = material manifestation. The five
papers manifest the instrument.
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