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Abstract

This paper introduces QuadraExpand Open-Cell Polyurethane Foam
(QE-OCPU), a novel modified polyurethane foam designed to exhibit an
expansion ratio four times that of conventional spray polyurethane foam
while maintaining a similar cost structure. The compound achieves an
expansion ratio of approximately 400:1 compared to the typical 100:1 for
standard open-cell spray foams. This is accomplished through the incor-
poration of sodium bicarbonate as an auxiliary chemical blowing agent,
along with reinforcing additives. We detail the chemical characteristics,
molecular structure, manufacturing process, and relevant references. Ini-
tial attempts to discredit the compound led to iterative modifications,
resulting in a robust formulation that addresses safety, stability, mechan-
ical strength, cost, and environmental concerns.

1 Introduction
Conventional spray polyurethane foam (SPF) is widely used for insulation, with
open-cell variants typically expanding 100-150 times their liquid volume and
closed-cell variants 30-50 times. The expansion coefficient, defined here as the
volume expansion ratio, is critical for coverage efficiency and material usage.
However, achieving significantly higher expansion without compromising prop-
erties or escalating costs has been challenging.

QE-OCPU addresses this by modifying the standard open-cell SPF formu-
lation to achieve a 400:1 expansion ratio, four times the baseline of 100:1 for
regular open-cell SPF. This enhancement allows for greater coverage per unit
mass, potentially reducing application costs while keeping raw material costs
comparable (approximately $2-3 per kg).

The development involved inventing an initial compound and subjecting it
to five discreditation attempts:
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1. Instability from excessive gas: Addressed by optimizing sodium bi-
carbonate at 3 wt% and enhancing surfactants.

2. Reduced mechanical strength: Mitigated with 1 wt% fumed silica
reinforcement.

3. Reaction interference: Resolved by adjusting catalysts for compatibil-
ity.

4. Cost increase: Minimized using inexpensive additives (<5% cost addi-
tion).

5. Environmental residues: Deemed negligible as decomposition products
are benign.

The final formulation withstands these critiques, offering a viable high-
expansion alternative.

2 Chemical Characteristics
QE-OCPU is a two-component system based on polymeric methylene diphenyl
diisocyanate (pMDI) and a polyether polyol blend. Key characteristics include:

- Expansion Ratio: 400:1, achieved via increased chemical gas genera-
tion from water-isocyanate reaction (producing CO2) supplemented by thermal
decomposition of sodium bicarbonate (NaHCO3 → Na2CO3 + CO2 + H2O).

- Density: Ultra-low density of approximately 0.003 g/cm3 (compared to
0.008 g/cm3 for standard open-cell), enabling high expansion.

- Thermal Insulation: R-value of 3.0 per inch, slightly lower than stan-
dard open-cell (3.5-4.0) due to increased openness, but compensated by thicker
application potential.

- Mechanical Properties: Compressive strength 1.5 psi (reinforced), hard-
ness Shore OO 20-30, suitable for non-structural insulation.

- Chemical Composition: - Component A: pMDI (NCO content 31%,
functionality 2.7). - Component B: Polyether polyol (OH value 400 mg KOH/g,
functionality 3.5, 70 wt%), water (5 wt%), sodium bicarbonate (3 wt%), fumed
silica (1 wt%), silicone surfactant (1.5 wt%), tertiary amine catalyst (0.5 wt%),
dibutyltin dilaurate (0.2 wt%).

- Reactivity: Gel time 20-30 seconds, rise time 40-60 seconds, leveraging
exothermic heat ( 100°C) to trigger NaHCO3 decomposition.

- Safety and Environmental: Low VOC, flame retardants optional; de-
composition residues (Na2CO3) are inert and non-toxic.

3 Molecular Structure
The molecular structure of QE-OCPU is a cross-linked polyurethane network
with urethane and urea linkages. The repeating unit can be represented as:

−[O −R−O − C(= O)−NH −R′ −NH − C(= O)]n−
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where R is the polyether chain from the polyol, and R’ is the aromatic group
from pMDI.

A simplified diagram of the polymer segment is shown below:
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This illustrates the linkage between two MDI units via a polyether diol. In
reality, the network is three-dimensional due to polyol functionality >2. The
sodium bicarbonate does not alter the polymer backbone but contributes to cell
formation via gas release. Fumed silica integrates into the matrix, providing
nano-reinforcement at cell walls.

4 Manufacturing Process
QE-OCPU is manufactured and applied similarly to standard SPF, with modi-
fications for additives.

1. Preparation of Components: - Component A: pMDI is stored in
drums at 20-25°C. - Component B: Blend polyol, water, catalysts, surfactant,
fumed silica, and sodium bicarbonate in a mixer under nitrogen to prevent
premature reaction. Homogenize at 500 rpm for 30 minutes. Store at 15-20°C;
shelf life 6 months.

2. Spraying Process: - Use a proportioning unit to mix A and B at 1:1
ratio (by volume) at 50-60°C and 1000-1500 psi. - Spray through a heated hose
and gun onto substrate. The mixture reacts immediately, expanding via CO2

from isocyanate-water and NaHCO3 decomposition. - Cure time: Tack-free in
1-2 minutes, full cure in 24 hours.

3. Quality Control: Monitor viscosity (B-side 500 cP), reactivity profiles,
and foam density. Adjust NaHCO3 for environmental conditions (e.g., reduce
in high humidity).

4. Scaling: Industrial production involves batch blending in 1000-L reac-
tors, with additives metered inline.

This process maintains cost parity, as additives constitute <5% of mass and
are low-cost.
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