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ABSTRACT

Growing concerns about emissive amines, the health and environmental impacts of tin catalysts, and accelerating
adoption of hydrofluoroolefin (HFO) blowing agents are driving foam systems houses to reinvent their formulation
technology, especially the catalyst packages. Traditional catalyst strategies often do not meet the strict performance
and EH&S requirements in current and developmental spray polyurethane foam systems. Shepherd Chemical
recognized the need for new catalysts to meet these requirements and developed a new generation of hydrolytically
stable bismuth-based catalysts, BICAT 8840 and BiCAT 8842. These catalysts have shown to be a critical component
in spray foam catalyst packages, optimizing the performance of spray foam systems containing fourth-generation
blowing agents, especially Solstice Liquid Blowing Agent (LBA).

This paper will address the common challenges and misconceptions around formulating with metal catalysts,
particularly bismuth, for spray polyurethane foams (SPF). We will provide data demonstrating the high quality and
efficiency of BiCAT catalysts for processing, adhesion, physical properties, and value in a model SPF wall foam
formulation that is representative of commercial formulations used by systems houses.

INTRODUCTION

Spray polyurethane foams have a broad range of uses, from packing material to thermal insulation, critical for
enhanced safety and energy efficiency. In spray foam manufacturing, HFO blowing agents have emerged as the
greener and more energy-efficient alternative to the hydrofluorocarbon (HFC) blowing agents of the past. These HFO
blowing agents require a new approach to catalysis as traditional reactive amines compromise blowing activity and tin
has been associated with toxicity issues. Due to their negligible toxicity, high activity and stability, bismuth-based
curatives are sought-after by the polyurethane industry as an innocuous alternative.

Bismuth-based polyurethane curatives have been in the market since the 1980’s and, just as spray foam chemistries
have evolved, so have the range and performance of bismuth catalysts. Today’s bismuth-based curatives, particularly
The Shepherd Chemical Company’s BiCATs 8840, 8842, 8106 and 8210, are designed for and have been optimized in
formulations to meet modern demands for reduced volatile organic compounds (VOC’s), hydrolytic stability,
solubility, cold substrate adhesion and uniformity of application.

The catalysts in a spray polyurethane foam (SPF) formulation have a significant impact on the rise profile of the
polyurethane foam and the final foam properties. SPF formulations often contain multiple catalysts that serve
different functions in the polyurethane reaction.

As the industry transitions from HFC to HFO technology, the change in the physical properties of the blowing agent
and use of hindered and blocked amine gelling catalysts introduces a need for a stronger metal blowing catalyst. The
focus of this study is to compare the impact of a commonly used tin catalyst, dibutyltin dilaurylmercaptide, to bismuth
catalysts. Of specific interest is the catalysts’ blowing effectiveness in initiating the front-end reactivity of the SPF
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system under hand mix and high-pressure spray conditions, the impact on finished foam quality, and the strength of
adhesion to different substrates at various temperatures.

EXPERIMENTAL

Table 1. Bismuth Catalysts Technical Data

Catalyst Bi, wt% Ligand(s) Viscosity @ 25 °C, Poise
BiCAT 8106 20.0 + 0.5 | Neodecanoic acid, polypropylene glycol <30
BiCAT 8210 28.0 £ 0.3 | 2-Ethylhexanoic acid <250

Neodecanoic acid, polypropylene glycol, N,N,N,N-

BICAT 8840 100£05 tetrakis(2-hydroxypropyl)ethylenediamine

<300

Neodecanoic acid, polypropylene glycol, N,N,N,N-

BICAT 8842 100£05 tetrakis(2-hydroxyethyl)ethylenediamine

<300

Hydrolytic Stability of BICAT Catalysts

BiCAT 8840 and BiCAT 8842 catalysts have proven superior hydrolytic stability. Figures 1 and 2 below show
stability in varying water concentrations for one day at ambient temperature for traditional BiCATs 8106 and 8210,
and hydrolytically stable BICATs 8840 and 8842. Water additions at varying concentrations (w/w%) reveal the
miscibility of the hydrolytically stable BiCATs and the hydrolysis to bismuth oxide of traditional BiCATs after one
day at ambient temperature.

Figure 1. Traditional BiCAT - Precipitation of Bismuth Oxide at Varying w/w% Water Concentrations
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Figure 2. Hydrolytically Stable BiCAT - Water Miscibility at Varying w/w% Concentrations

0 wt% 4 wt% 8 wt% 12 wt% 16 wt%

Extended water stability results are shown in Figures 3 and 4. The turbidity values were stable over 6 months for each
sample, exemplifying BiCATs 8840 and 8842 long-term resistance to hydrolysis.
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Figure 3. Water-stability testing results for BICAT 8840
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Experimental (SPF) Base Formulation
The model base formulation utilized in this study is representative of a commercial formulation. The formulation
selected was for experimental purposes and not optimized for any specific catalyst or performance requirements.

Table 2 contains the base formulation. All foams were prepared in Honeywell’s Buffalo Research Laboratories.

Table 2. SPF Base Formulation

Raw Materials phpp
Polyol Blend 100
Silicone Surfactant 1.5
Flame retardants 13.1
Water 2.5
Solstice LBA 18.9

Experimental Variables and Constants
Table 3 includes the constants and variables of this study. Key variables included the selection of hindered amine, tin
and bismuths catalysts, catalyst concentrations, the sprayed substrates (wood and concrete) and the substrate

temperatures, ranging from hot and humid to cold.

Table 3. Experimental Constants and Variables

Constants Variables

Base SPF Formulation
Amine Catalyst and Concentration
Blowing Agent and Concentration

Hand Mix Processing Conditions
SPF Machine
SPF Gun
Foam Testing

Metal Catalysts
Metal Catalyst Concentrations
SPF Substrates
Substrate Temperature

RESULTS and DISCUSSION
Impact of Metal Catalysts on Reactivity and Foam Properties

To understand the impact of metal catalysts on reactivity, specifically the rise profile and exotherm generated in the
reaction, hand mix foams were tested. Metal catalysts were evaluated independently in this study to eliminate the
effects of complementary amine catalysts. The polyol blend was at 50 °F and the isocyanate was at 70 °F. The polyol
and isocyanate were mixed with a high shear mixer for 5 seconds. The reactivity, exotherm, rise height, rise speed and
foam density were measured. While the reactivity and foam density were measured manually, the exotherm, rise
height and rise speed were measured with the Foamat Foam Qualification System. The formulations are included in
Table 4.

Table 4: Hand Mix Formulations

Raw Materials, g Dibutyltin Bismuth
pphp dilaurylmercaptide BiCAT 8210 BiCAT 8106 BiCAT 8842
Polyol Blend 100 100 100 100
Silicone Surfactant 1.5 1.5 1.5 1.5
Flame retardants 13.1 13.1 13.1 13.1
Water 2.5 2.5 2.5 2.5
Solstice LBA 18.9 18.9 18.9 18.9
Metal Catalyst 3 1.5% 3 3

*Reduced catalyst concentration due to high Bi content in catalyst (28 wt%)/ Foam Index 107
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Table 5 features the cream, gel and tack free times for each metal catalyst in the hand mix formulation. Bismuth
catalysts, notably BICAT 8106, were 2-3 times more reactive than tin with comparable foam densities.

Table 5: Hand Mix Reactivity and Foam Density

Test Data Dibutyltin Bismuth
dilaurylmercaptide BiCAT 8210 | BiCAT 8106 | BiCAT 8842
Reactivity, sec
Cream 14 5 5 6
Gel 16 10 7 10
Tack Free 19 13 9 12
Foam Properties
Density, pef | 2.19 | 2.23 | 2.23 | 2.32

Figure 5 shows the exotherm for each reaction. If the exotherm is too low, the reaction might not go to completion
and, if the exotherm is too high, the foam could char at thicker foam applications. Exotherm is also an indication of
the quality of front-end blowing catalysis. The considerably faster exotherm of bismuth versus tin exemplifies that

bismuth is a stronger and more efficient front end blowing catalyst.
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It is not only important to understand the exotherm of the reaction but also how quickly the foam rises and how long it
takes to reach it maximum rise height. Figures 6 and 7 illustrate these phenomena. The ideal spray foam will rise and
achieve its maximum foam height quickly. Since spray foam is applied in multiple layers and the operator does not
want to spray into rising foam, rapid rise eliminates the need to wait for an extended period of time between layers.

Figures 6 shows that bismuth begins to rise almost immediately whereas the tin takes 11 seconds to begin rising.
BiCAT 8210 demonstrated an immediate initiation of rise and the smoothest rise profile over time.
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Figure 6: Speed of Rise
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In parallel with quick rise, Figure 7 demonstrates that bismuth is also significantly faster in reaching maximum foam
height. BiCAT 8210 reaches its maximum height at 14.5 seconds, 3.5 seconds faster than the tin catalyst. The data
also shows that the bismuth catalyst provide a smoother rise profile, which is generally preferred in most SPF
applications.

Figure 7: Foam Height
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Spray Foam Performance

The hand mix data provided critical insight into the reactivity profile each metal catalyst provides. The next step of
the study explores “real world” processing and conditions. In the SPF study, the amine catalyst was added to the
formulation to provide a more realistic reaction profile and the foams were prepared on a typical spray foam machine.
The formulation is in Table 6.
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Table 6. Spray Foam Formulations

Raw Materials, g Dibutyltin Bismuth
dilaurylmercaptide BiCAT 8210 BiCAT 8106 BiCAT 8842
Polyol Blend 100 100 100 100
Silicone Surfactant 1.5 1.5 1.5 1.5
Flame Retardants 13.1 13.1 13.1 13.1
Amine Catalyst 9.0 9.0 9.0 9.0
Water 2.5 2.5 2.5 2.5
Solstice LBA 18.9 18.9 18.9 18.9
Metal Catalyst 3 1.5% 3 3

*Due to high 28% Bi content, a lower use level is required to achieve comparable performance.

Spray polyurethane foam formulations were prepared in bulk and sprayed under the conditions and processing
parameters listed in Table 7. Processing was with a Graco H-40 proportioner and a Graco Fusion spray gun. A 4242
chamber and corresponding tip was used to spray all samples. Processing conditions were set to be consistent with
field processing conditions. Although the same basic spray equipment was used throughout the study, processing
parameters were adjusted to optimize spray pattern and foam quality for each formulation. Performance of catalysts
vary because of the metal, chemistry of the catalyst and processing conditions. The bismuth catalyst is more forgiving
to processing conditions.

Table 7: Spray Processing Parameters

Parameter Tin Catalyst BiCAT 8210 BiCAT 8106 BiCAT 8842
Proportioner Graco H-40
Chemical Processing Temp, °F
Isocyanate 123 120 120 111
Polyol blend 126 120 120 116
Hose 122 120 120 109
Processing Static Pressure, psi
Isocyanate 1400 1350 1510 1500
Polyol 1400 1400 1480 1500
Hydraulic 1550 1600 1675 1575
Spray Gun
Spray Gun Fusion AP
Chamber 4242
Spray Tip Round

Spray substrates and temperatures are listed in Table 8. Concrete was chosen as the substrate to test for cold adhesion
performance. Samples were chilled to < 0 °F before spraying and, once cured, adhesion tested at ambient temperature.

Table 8: Substrates and Substrate Temperatures for Spray Foam Testing

Substrate / Temperature Ambient Temperature Cold, > -20 °F
Cardboard Yes No

Wood Yes No

Concrete Yes Yes
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Table 9. Spray Foam Test Methods

Property Method, Instrument or ASTM Frequency/ Condition
Reference

Density, Ib/ft’ ASTM D-1622-03 Initial, k-factor Sample

K- factor, BTU.in/hr.ft".°F ASTM D-5935 127x 127 x 17

Initial, 14 day @ 75 F

Compressive Strength, psi ASTM D-1621-10 Initial, Parallel/ Perpendicular

Dimensional Stability, vol % ASTM D- 2126-09 14 Day @ -29 °C

14 day @ 90 °C

14 Day @ 70 °C/ 95% RH
Closed Cell Content, % ASTM D-6226 Initial
Adhesion, psi Com-Ten Model # DFGIW1000 Initial
Surface Visual Visual

Table 10 contains the data on the finished spray foams including density, k-factor, compressive strength, dimensional
stability and closed-cell content. All samples had desirable densities, 2.04-2.24 pcf. Initial and aged k-factors were all
acceptable with expected deviations attributed to the un-optimized model system. Compressive strengths and
dimensional stabilities were all in the suitable range with BiICAT 8842 showing particularly high dimensional stability
performance under extremely cold and hot, humid conditions.

Table 10: Spray Foam Test Results

Method/ Catalyst Tin Catalyst BiCAT 8210 BiCAT 8106 BiCAT 8842
Density, Ib/ft’ 2.04 2.17 2.24 2.08
K- factor@ 75 °F

Initial 0.1466 0.1486 0.1444 0.1477
21 Day 0.1567 0.1570 0.1584 0.1573
Compressive Strength, psi

Parallel 234 24.9 20.9 31.7
Perpendicular 15.8 13.0 15.6 11.5
Dimensional Stability, vol % @ 14 Day

-29 °C 0.4 -4.2 0.6 -0.5
90 °C -1.1 5.2 6.4 3.8
70 °C/ 95% RH 44 9.7 8.8 1.6

Beyond foam quality, the physical appearance of the processed foam samples was evaluated. For each catalyst and
substrate, foam appearance, thickness and adhesion were measured. Table 11 and Figures 8-11 detail the results.

Although each formulation resulted in comparable foam thicknesses and excellent compressive strengths, there was a
high degree of variation in physical appearance. The tin catalyst foams were consistently uneven with a popcorn-like
appearance whereas the bismuth foams were smoother.

Table 11: Spray Foam Application and Adhesion Results

Observation/ Catalyst |  TinCatalyst | BIiCAT 8210 | BiCAT 8106 | BiCAT 8842
Wood- RT

Surface Popcorn/Uneven Smooth/Even Smooth/Even Slightly uneven
Thickness ~1in. ~3in. ~3in. ~3in.
Adhesion, psi 48 >64 >120 111
Concrete- RT

Surface Popcorn/Uneven Smooth/Even Smooth/Even Slightly uneven
Thickness ~1.51n ~1.51n ~1.51in ~1.51in
Adhesion, psi 283 >179 >193 >234
Concrete- Cold

Surface Popcorn/Uneven Smooth/Even | Rough/Uneven | Slightly uneven
Thickness ~1.5in. ~1.5in. ~1.51n. ~1.51in.
Adhesion, psi >166 >121 >156 >173
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Fi Figure 9. BiCAT 8842 Spray Foam
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CONCLUSIONS

Bismuth-based catalysts, principally The Shepherd Chemical Company’s BiCATs 8842, 8210 and 8106, tested in this
study demonstrated industry-standard quality and efficiency for processing, foam properties, adhesion in a
commercially representative SPF wall foam formulation. These model formulations demonstrate that these bismuth
catalysts can be part of a commercially viable SPF foam system once optimized to achieve the specific performance
requirements of each unique SPF system.
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When tested under “real world” spray foam processing and conditions, the tin and bismuth catalysts resulted in foams
with physical properties that meet or exceed industry standard values. The foam densities were all 2.10 + 0.15 1b/ft’.
BiCAT 8842 contributed to foam with excellent dimensional stability over all conditions tested, while the remaining
catalysts were in the acceptable range. The BiCAT 8842 SPF also had exceptional compressive strength. Visually, the
spray foams formulated with bismuth were markedly smoother and more even, especially BICAT 8210 when sprayed
at both ambient and low temperatures.

In all tests, BICAT 8210 was effectively used at a 50% loading level versus the tin and other bismuth catalysts.
Overall, the combination of Solstice LBA and BiCAT bismuth catalysts provides the manufacturer with a variety of

formulation options that yield industry standard foam meeting the ultra-low GWP environmental demands of the
industry.
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Disclaimer

Although Honeywell and Shepherd believe that the information contained herein is accurate and reliable, it is
presented without guarantee or responsibility of any kind and does not constitute any representation or warranty of
Honeywell or Cannon, either expressed or implied. WITHOUT LIMITING THE FOREGOING, HONEYWELL
AND SHEPHERD DISCLAIM THE WARRANTY OF MERCHANTABILITY, FITNESS FOR USE AND NON-
INFRINGEMENT.

A number of factors may affect the performance of any product, including other raw materials, application, formulation,
environmental factors and manufacturing conditions among others, all of which must be taken into account by the user
in producing or using the products. The user should not assume that all necessary data for the proper evaluation of
these products are contained herein. Information provided herein does not relieve the user from the responsibility of
carrying out its own tests and experiments, and the user assumes all risks and liabilities (including, but not limited to,
risks relating to results, patent infringement, regulatory compliance and health, safety and environment) related to the
use of the products and/or information contained herein.

This paper may contain copyrighted material, the use of which has not always been specifically authorized by the
copyright owner. In accordance with Title 17 U.S.C. Section 107, the material in this paper is being used for nonprofit
educational purposes. ACC believes this constitutes a ‘fair use’ of any such copyrighted material as provided for in
section 107 of the us Copyright Law. For more information, g0 to:
http://www.copyright.gov/title1 7/92chap1.html#107. If copyrighted material from this paper is further used for
purposes that go beyond “fair use,” permission from the copyright owner must be obtained.

Solstice is a registered trademark of Honeywell International Inc.
BiCAT is a registered trademark of The Shepherd Chemical Company
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