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ABSTRACT 

Incorporation of cell-stabilizing additives has been applied to the development of 
low-density· epoxy adhesives. Investigation of a large number of organic compownds 
indicated that the long-chain carboxylic acids yielded the most stable epoxy-polyamide 
foams and the amines yielded the lowest density foams. Success of the carboxylic acids, 
especially stearic acid, apparently· was due to the stabilizing effect of the salt formed by the 
fatty acids and the free polyamines present in the curing agents. Consequently, stearic 
acid-stabilized Epon 828/Versamid 125/Versamid 140 foamed adhesive formulations were 
developed having pot lives greater than 25 minutes and adhesive tensile strengths on the 
order of 750 psi for densities of approximately 0.30 gm/cc. 

'' ... 
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SUMMARY 

. Some basic principles of foam stability were applied to a better understanding of the nature 
of epoxy foams. The ultimate goal was to develop a stable and reliable ·foamed adhesive. 
Accordingly, a large number of organic compounds of varying functionalities were evaluated 
as foam staoilizers in epoxy/polyamide resin systems, and the effects of variations in the · 
physical properties of the resins on foam quality were noted. 

Most of the compounds showed neutral activity-neither enhancing nor lowering the foam 
stabilities. Some compounds such as tri-_!!-octylamine, a symmetrical molecule, were good 
antifoam agents. Generally, the most successful foaming agents or foam stabilizers were the 
long-chain alkyl compounds. . 

Additives such as the 16, 17, and 18-carbon !}-alkyl primary amines produced 
very-low-density foams. With standardized whipping techniques, these additives gave bulk 
densities as low as 0.15 gm/cc in contrast to densities of approximately 0.30 gm/cc obtained 
with the formulations containing no additive. However, in the concentrations needed to 
produce the low densities, the amine additives gave unreliable foam stabilities, and were 
especially subject to collapsing on spreading. 

The long-chain carboxylic acids were the most successful foam stabilizers and the most 
predictable in their action. Formulations containing fatty acids as additives had exceptional 
stable-film-forming properties. The success of the carboxylic acids, especially stearic acid, 
apparently was due to the stabilizing effect of the salt formed by the fatty acids and the free 
polyamines present in the curing agents. The stabilization mechanism of the fatty 
acid-polyamine salts was explained by the combined operation of the Marangoni effect and 
the formation of high surface viscosities. 

Accordingly, in this work, stearic acid was used as a stabilizer in Epon 828/Versamid 125/ 
Versamid 140 foam systems. Studies ofa large number of these formulations indicated that 
a wide variety of cell sizes and pot lives could be obtained, depending on the viscosities of 
the materials as determined by the temperature at which they vyere used and the relative 
amounts of Versamid 125, Versamid 140, and stearic acid. A number of stable formulations, 
the most successful of which was designated the Y-12HA formulation, were developed 
having pot live·s in excess of 25 minutes and adhesive tensile strengths on the order of 750 
psi at densities of approximately 0.3 gm/cc. 

The viscosities of various lots of Versamid 125 anc:I Versamid 140, and various viscosity 
combinations of Epon 826, Epon 828, and Epon 834 were examined to establish what range 
of viscosities were commensurate with successful Y-12HA foam properties. Studies 
indicated a high probability of having a successful Y-12HA foam if random lots of the 
commercial materials were chosen for u5e in that formulation. 

The glass transition temperatures of Y-12H and Y-12HA foams were determined by the 
pulsed nuclear magnetic resonance method. The data indicated that there was a dependence 
of the glass temperatures of the Y-12H foams on the amount of stearic acid present; 
however, no such dependence was seen with the Y-12HA foam. 

•' 
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INTRODUCTION 

APPLICATIONS OF FOAMED PLASTICS 

Modern structural requirements have placed a considerable demand on the technology for 
developing many exotic polymeric materials. That the demand is being met is evidenced by 
the increasing uses of plastics in our everyday experience. Foamed polymeric materials are 
an integral part of this "plastics revolution". Cellular plastics have several intrinsic.properties 
which, together, make them of significant economical importance.(1) First, foamed 
materials are good insulators because of the low conductivity of the gas, usually air, 
contained in them. Second, foamed glassy polymers will have a significantly higher flexural 
modulus-to-density ratio than the corresponding unfoamed materials.(1) Finally, all foams 
have energy-storing or dissipating capacities that function through greater distances than the 
unfoamed material. Foams can be made in a.variety of quantities, as well as provide a wide 
range of chemical, fire, and solvent resistances, hardnesses, and opacities;(2) all at densities 
much less than water. Many can replace paper, wood, metals, and unfoamed plastics in a 
variety of end uses. Use can be made of these materials in upholstery, packaging, and 
insulation. Freedom of design has led to their use in modern homes and other buildings, and 
for decorative purposes where massiveness without great weight is demanded. Their high 
flexural modulus and impact strength have led to their use in automobile underbodies, 
fenders, and hoods, in travel trailer bodies, and in boats.(2) Apparently, the applications of 
foamed plastics are limited only by the imagination. 

BASIC CONSIDERATIONS 

Foams can be called agglomerations of film-covered gas bubbles. They are made ordinarily 
by dispersing a gas, usually air, in a liquid by forcing the gas through fine orifices or by 
whipping, beating, splashing, or otherwise impacting a solid gadget on the surface of the 
liquid. In the resulting equilibrium structure for low-density foams, the bubbles tend to 
have the shape of pentagonal dodecahedrons; and the surface area, and therefore the surface 
energy, tends to be at a minimum. (3) 

Foams are fundamentally unstable systems. Nearly all foams are dynamically redistributing 
bubble sizes, thinning films, and rupturing films. Rearrangement of the bubble volumes is 
caused by capillary pressure due to the fact that the pressure in small bubbles is greater than 
in larger bubbles. Drainage or thinning of films occurs because of gravitation or by suction 
by Plateaus borders. (3) Bursting of films occurs because the area of the resultant droplets is 
significantly smaller than that of the original system. Bubbles from pure liquids and gases 
are especially unstable, with bubble life times on the order of fractions of a second.(4) 
Nevertheless, surface active agent:S added to liquids can produce foams with high degrees of 
persistence. 

There are three known reasons for the relative stability of foam films. High viscosity is one, 
and probably is the easiest to imagine. Every liquid having a high surface viscosity will 
produce at least moderately persistent foams, although other causes may contribute to the 
persistence. The second reason, the Marangoni effect, ·probably is the most important for a 

. majority of foams. Marangoni in 1871 and Gibbs in 1878 recognized that the stability of a 
liquid film must be greatest if the surface tension strongly resists deforming forces. (4) Thus, 
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when the surface of a foam film is indented by some outside agent the underlying surface is 
exposed. This liquid has a greater surface tension than the original surface and, as a result, 
the deformation tends to be healed· by the migration of the surfactant along with 
appreciable quantities of accompanying liquid to the thinned area. (5) The third reason is 
explained(6) by the mutual repulsion of electric double .layers and explains why many 
ariipnic and cationic detergents produce more p&rsistent foams than comparable nonionic 
compounds. 

EPOXY FOAM SYSTEMS 

Epoxy foams are only one of a large number of various types of foamed plastics. These 
foams are of three principal types: ( 1) chemical foams, produced by the liberation of gas dur
ing.cure; (2) syntactic foams, formed by incorporating low-density fillers into the epoxy mix
ture; and, (3) frothed epoxies, prepared by whipping air into an epoxy/curing agent blend. 

Physical properties of the foams are dependent on foam density, with straight-line 
relationships usually the rule. T~eir insulation value is equivalent to that of the 
polyurethane foams and is superior to all others. (2) In addition, their resistance to chemicals 
and solvents is exceptionally good, resulting in their use in a large number of storage-tank 
applications. Electrical properties of the epoxies have promoted their use in casting and 
incapsulating electronic compounds. (2,7) Nevertheless, the epoxy foams have not gained a 
considerable place in the commercial market that is enjoyed by some of the other foamed 
plastics and, therefore, are generally considered as special-purpose materials. 

One important special-purpose application of epoxy foams is that of an adhesive. Foamed 
adhesives offer a means of reducing costs by reducing the spread (weight per area) of 
adhesiv.e. With foamed adhesives there are the advantages of better coverage, easier control 
of the spread, less waste, and the possibility of bonding such extremely porous materials as 
cellulosics and foamed plastics. (8) Foar:ning is naturally of greatest interest in those 
applications that require large quant1t1es of adhesives. Accordingly, foamed 
urea-formaldehyde(9) and phenolic( 10) adhesives have found application to large-scale 
bonding and veneering of plywood. 

Epoxies have long been recognized for their adhesive properties and, as expected, bond 
strengths of the foams are very high. (2) Cohesive strengths of the epoxy foams are lower 
than adhesive strengths and, therefore, adhesive failures rarely occur. 

Chemical and Syntactic Foams 

Successful chemical foams are produced only by a careful regulating of terpperature, mass, 
configuration of the bulk foam, surface tension, and viscosity. Property formulations for 
any new application are derived largely by trial and error in which a number of possible 
formulations are considered that are based on the type and concentration of the curing 
agent, blowing agent, solvent, and surface active agent. 

Syntactic foams are generally made by utilizing very small, hollow organic or inorganic 
spheres. The organics are usually made from phenolic, urea-formaldehyde, or polystyrene 
resins. Aluminum silicate or glass is used in the common inorganic spheres. 

,, 
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Chemical and syntactic foams have been used primarily in thermal insulation 
applications. (2) Other uses include dielectric foams for microwave lenses and in 
encapsulating electronic equipment. (2) 

Mechanically Frothed Epoxies 

Mechanically frothed epoxies are the most suitable for foamed adhesive applications and are 
the type studied in this work. (Hereafter, the mechanically frothed epoxies will be called 
simply "foamed epoxies".) While their chemical and physical properties are similar to the 
chemical and syntactic foams, the pot life or application time is more easily controlled than 
for the chemical foams, and the wettability and spreadability are better than for the 
low-density syntactic foams. The extended pot life of these systems also is of possible value 
in some bulk-foam applications. 

The main problem with foamed epoxy adhesives is the regulation of the foam stability. 
Foam collapse before spreading, or even closing of the bond, certainly must be prevented. 
Some foam collapse will undoubtedly occur on mating the surfaces to be joined. Indeed, a 
large amount of collapse is even desirable in operations requiring, ultimately, a thin bondline. 
However, many applications require that the epoxy foam maintain its integrity throughout 
the bonding operation and into the cured state. This need is the most serious problem with 
epoxy foam stability, especially in foams having extended pot lives and cure times in the 
order of hours. 

Prior to this work a completely reliable and highly stable foamed epoxy adhesive was not 
available. Common formulations based on epoxy resins and polyamide curing agents suffer 
from serious drawbacks. For example, formulations containing Merginamide L-425 must de
pend on a single foreign supplier who manufactures the material from nonconsistant raw 
materials. This problem has produced nonreproducible properties of the curing agent; and, 
Versamid 140 formulations, while claiming an all-domestic market, are unsuitable for those 
applications requiring high foam stabilities. 

This report reviews the efforts that have been made at the Oak Ridge Y-12 Plant(a) to pro
duce a reliable and stable foamed epoxy adhesive. 

(a) Operated for the U S Atomic Energy Commission by the Union Carbide Corporation's 
NuclP.ar Oivision . 
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STUDIES OF FOAMED EPOXIES 

METHODS OF PREPARATION 

Efforts were made to apply the basic principles of foam stability to a better understanding 
of the nature of epoxy foams. Accordingly, a large number of organic compounds of varying 
functionalities were evaluated as 
foam stabilizers, and the effects of 
variations in resin and curing-agent 
viscosities were noted. Also, it was 
necessary to characterize the 
resins and curing agents so as to 
recognize their expected viscosity 
variation as an aid to determining 
the reproducibility of formula
tions, and to ascertain the 
presence of reagents in the 
materials which could enhance or · 
lower the foam stability. 

Whipping and Spreading Epoxy 
Foams 

There are unlimited methods of 
mechanically producing epoxy 
foams. Most of these include 
machines that in some way beat or 
whip air into the epoxy/curing 
agent blend. The particular 
machine used and the rate of 
whipping determine to a great 
extent the density, cell size, and 
pot life of the formulations. 

In this study, when small amounts 
(""'-'120 gms) of materials were 
whipped, a sodium dispersator, a 
hand-held kitchen-type mixer, or 
other type of mechanical mixer 

145324 
Figure 1. A PLANETARY-TYPE MIXER. (Hobart C-100) 

were used. A Hobart C-100 planetary-type mixer (Figure 1) was used to whip large 
(1,800-gram) batches. Note that a dial thermometer is attached to the wire whip of the 
mixer to facilitate reading the foam temperature. Generally, the smaller batches had the 
smaller cell sizes and the shorter pot lives. Spreadability life evaluations were made by using 
a Gardner knife (Figure 2). Samples of foam were spread to thicknesses of about 35 mils on 
mylar film after being taken from the mixing pot at various times after completion of 

I 

foaming. The maximum spreadability life was that time after mixing when a rough surface 
was drawn down. (The foam became "stringy" as opposed to a very smooth surface.) 
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145323 
Figure 2 . SPREADING AN EPOXY FOAM WITH A GARDNER KNIFE. 

CHEMISTRY OF FOAM MATERIALS 

Epoxy Resins 

Epoxy resins used in this study were based on the reaction products of epichlorohydrin and 
bisphenol-A: 

( 1) 
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Variations in the reaction conditions and amounts of materials yield resins of varying 
molecular weights. ( 11) The resins commonly used have molecular weights in the range of 
360 to 390 (ie, n = 0 to n == 0. 1 for 
Compound l). When n = 0, the product is 
called the diglycidyl ether of bisphenol-A or 
simply DGEBA. Epon 826, Epon 828, and 
Araldite 6005 (Table 1) were the 
commercially available DGEBA-type resins 
used in this work. 

Common Curing Agents 

Curing agents (also called hardeners, 
activators, or catalysts) convert the liquid 

Table 1 

PHYSICAL PROPERTIES OF SELECTED 

Resin 

Epon 826 
Epon 828 
Araldite 6005 

(1) At 25° C. 

EPOXY RESINS 

Molecular 
(wt) 

360-376 
370- 384 
364-378 

Viscosity11) 
(cPs) 

6,500 - 9,500 
10,000 - 16,000 

7,000 - 10,000 

epoxy resins into hard, thermoset solids. Depending on the particular epoxy resin/curing 
agent, cure often can be effected at room temperature. Aliphatic polyamines such as 
triethylenetetramine (TETA) and tetraethylenepentamine (TEPA) are commonly used 
room-temperature curing agents: 

NH2(CH 2CH2NH)2CH 2CH2NH2 

TETA 

NH2(CH2CH2NH)3CH2CH 2NH2 

TEPA 

The polyamines are commonly represented by their linear structural formulas. However, 
nuclear magnetic resonance (NM R) and gas chromatographic evidence indicate that 
significant quantities of isomeric polyamines containing a tertiary amine may be present. 
For example, the TETA isomer would be: 

or, in general: 

H2NCH2CH 2NCH2CH2NH2 I 9H2 
9H2 
NH2 

The curing reaction is based on the ring opening of the epoxide functionality by amine 
nitrogen: 

(2) 
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Choice and the amount of curing agent, curing conditions, and additi.on of modifiers 
influence the properties of the final product. For optimum properties, the epoxy/polyamine 
curing agent ratio is determined on an equivalent weight basis. 

Other commonly used curing agents include the aromatic amines, phenols, organic acids, 
an hydrides, Lewis acids (such as the boron. fluoride complexes), ( 11, 12) and· the modified 
polyamines [RNACH2CH2(NHCH2CH2)xNH2]. The modified polyamines provide more 
convenient mixing ratios than do the straight polyamines and are ·good room-temperature 
curing systems. Modifications have been made by adducting the polyamines with alkyl 
mono and diepoxides, ethylene and propylene oxide, acrylonitrile, aldehydes, and by amide 
formation with various carboxylic acids. 

Reaction of the polya!Tlines with monofunctional glycidyl ethers, or with DGEBA-type 
resins, or with ethylene and propylene oxide yield products having both amine and alcohol 
functionalities: ( 11) 

0 (3) 

These adducts have lower volatilities and usually somewhat higher reactivities with DGEBA 
resins. 

Reacting amines with acrylonitrile (cyanoethylation) yields curing agents having reduced 
reactivity. Depending on the extent of the cyanoethylation reaction: 

monocyanoethylamine 

NCCH2CH2NH-R-N.HCH2~H2CN, 
biscyanoethylamine 

(4) 

the de!=!ree of reactivity can . be regulated quite n:iarkedly. As indicated in Table 2, 
cyanoethylated curing agents yield longer pot lives and lower peak exotherms. ( ·13) 

Table 2 

EFFECT OF DIETHYLENETRIAMINE/ACRYLONITRILE RATIO ON 
REACTIVITY WITH EPOXY RESINS 

Diethy lenetriam ine/ Acrylonitri le 
Ratio 

1/0 
1 /1 
1/1.33 
1/2 

(1 I Fifty-gram sample. 
(2,. One-inch cube. 

Resin/Curing Agent 
Ratio 

9/1 
5/1 
4/1 
3/1 

Pot Life(1 I 
(mini 

40 
80 

150 
300 

Peak 
Exotherm12) 

(OC) 

198 
178 

None 
None 
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Amines may be reacted with aldehydes and ketones to produce compounds which are useful 
"semilatent" curing agents: 

(5) 

The remaining active hydrogen of diethylenetriamine could be eliminated by reacting with 
phenyl gylcidyl ether: 

(6) 

• 

Such a compound incorporated into an epoxy resin would prove quite nonreactive. 
However, when the- resin is applied, especially in thin films, moisture .in the air causes 
hydrolysis of the carbon-nitrogen double bond, regenerating the primary amines which 
effect the cure. 

Reactions of aliphatic polyamines with fatty acids and fatty acid derivatives produce the 
various amidopolyamines which are useful room-temperature curing agents. They contain 
free primary and secondary amino groups and have a wide variety of viscosities and 
reactivities, depending on the amount of substitution. These curing agents have advantages 
over the polyamines in that they have reduced volatility and skin .irritation potential, more 
convenient mixing ratios, and increased flexibility and· impact· strength in the cured 
products. 

Versamid Curing Agents 

The Versamid series of amidopolyamines are derived from dimerized linoleic acid and 
aliphatic polyamines. Dimerized linol_eic acid (dimer acid) can be rep.resented as the 
Diels-Alder addition product of 9, 11 and 9, 12-octadieneoic acids: 

.... 

Dimer Acid 

'•' 
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Commercially, the dimer acids are made by the polymerization of acids .from various n·atural 
oils and have a wide range of viscosities due to various concentrations of trimer acid and 
other polymeric products. 

Reaction of dimer acid with polyamines, such as TETA and TEPA)14) yields the 
amidopolyamine products commonly called polyamide resins: 

H 

Dimer Acid------------1-

CH2CH=CH (CH2) 4 CH 3 

(CH2)5CH 3 

Versamid 

(8) 

These materials are manufactured in the United States entirely from domestic sources under 
the trade name "Versamid". Table 3 lists some typical properties of the Versamids com
monly used as epoxy-resin curing agents. 

Table 3 

These room-temperature curing agents 
yield more flexibilized cured products 
than do the· unmodified polyamines, 
although a wide range of epoxy/Versamid 
ratios can be used to give an equally wide 
variety of hardnesses. 

PROPERTIES OF VERSAMIDS USED AS EPOXY 
RESIN CURING AGENTS 

Designation 
ViscosiW 

(cPsf' Amine Value(1) 

Merginamide Curing Agents 

Versamid 115 
Versamid 125 
Versamid 140 

80 000 - 120 000(2) 
40' ooo - so' ooo(3l 

s:ooo- 15:ooo(3l 

210- 230 
270 -320 
360- 390 

(1) Number of milligrams of KOH equivalent to the amine 

The Merginamides are also classified as 
polyamide-type curing agents just as are 
the Versamids, and are very simil;:ir in 

· content of one gram of material. 
(2) At4o0 c. 
(3) At 25° C. 

application. They are made by the amidation, with TEPA, 
linoleate: 

of styrene-crosslin.ked methyl 

CH 3(CH2)6THCH=CH(CH 2)7co2cH 3 
CH 2 L TEPA 

</>-CH 
I 

CH
3

(cH 2)6CHCH = CH(CH 2l 7C02CH3 

CH 3(CH2)6CHCH=CH(CH2)7CONH(CH2CH2NH)3CH2CH2NH 2 I 
TH2 

</>-CH 
I 

CH3(CH 2)6CHCH=CH(CH 2)CONH(CH 2CH 2NH)3CH2CH2NH2 

·MP.rginamide L-425 

(9) 
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The product is not as simple as illustrated since the acid-starting material is really a complex 
mixture of monomeric and polymeric compounds. Even the exact structure of the 

. crosslinked linoleic acid is not known. 

An important difference in the 
Mer_ginamides is that they are 
manufactured from nonstandardized 
starting materials. For example, 
Merginamid~ L-425, as indicated in Table 
4, has a significant spread in viscosity 
values for various lots. This nonreproduci
bil ity in viscosity has necessitated changes 
in the M RC-300 (M-300) series of Epon 
828/Merginamide L-425 foam formula-

. tions. As noted in Table 5, the more 
viscous Merginamide L-425 (Lot 112) was 

Lot 
Number 

112· 
548 
(2) 

(1) At 250 C. 

Table 4 

PHYSICAL PROPERTIES OF 
MERGINAMIDE L-425 

Viscosity I 1 I 
(cPsl 

14,000 
4,950 
5,350 

Amine Value 

461 
464 
453 

(2) Blend of sel(en lots prepared from selected raw materials . 

modified by reaction with acrylonitrile (Formulations M-309 and M-310) to give 
approximately the same pot life as the formulations made from the less viscous lots of 
Merginamide L-425. 

Table 5 

DATA ON THE M-300 SERI ES OF EPON 828/ 
MERGINAMIDE L-425 FORMULATIONS 

Merginamide L-425 Acrylonitrile 
Formulation 

M-301 
M-302 
M-309 
M-310 

Lot Number 

548 
(3) 
112 
112 

(1) Parts per hundred parts of Merginamide L-425. 
(2) Parts per hundred parts of Epon 828. 
(3)· Blend of seven lots. 

STABILITY STUDIES 

Initial Studies 

(phr)(1) 

None 
None 
11.0 

7.4 

Curing Agent 
(phr)(2) 

45.0 
45.0 
50.0 
48.3 

Pot Life 
(min) 

25. 30 
23. 25 
25. 30 
25-30 

Small samples of epoxy foams were spread to a thickness of approximately five mils on a 
glass microscope slide by slowly drawing an inclined razor blade over the foam between two 
ridges made from self-adhesive labels (see Figure 3). Photomicrographs (at 100X) were taken 
of the bubbles with a Projectina comparator (Figure 4) at various times after mixing. The 
photographs covered an area of view of the foam sample of approximately 0.47 mm2 
(525 x 890 µm) at 1 OOX. Figure 5 illustrates the method of study by clearly indicating the 
rapid bubble coalescence of an Epon 828/Versamid 140 foam. A decrease in the number of 
bubbles per unit area and their increase in cell' size is quite apparent, and the ease in 
studying the foams by this method forms the basis for the foam stability measurements of a 
number of formulations in this report. Such a large amount of coalescence in the thin films 



Razor Blade 

Glass Slide Epoxy Foam 

Se lf- Adhesive 
Labe l 

Figure 3. SPREADING AN EPOXY FOAM ON A GLASS SLIDE. 
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is indicative of a relatively low foam stability and, therefore, of a formulation unsatisfactory 
either in bulk foam or adhesive applications. 

145325 
Figure 4 . PROJECTINA COMPARATOR. (Model 4016) 

Several foamed epoxy/polyamide formulations (Table 6) were examined in this manner. The 
number of bubbles in each photograph and their average diameter were determined with a 
Zeiss particle size counter. Tables 7 and 8 list the foam stabilities of the formulations; 
Figure 6 shows the relative amount of coalescence for some of the formulations. 
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(a) After 2 minutes (bl After 5 minutes 

(cl After 10 minutes Id) After 30 minutes 

Figure 5. PHOTOMICROGRAPHS OF EPON 828/VERSAMID 140 FOAM UNDERGOING RAPID CELL 
COALESCENCE. (100XI 

Foam stability, S, was determined from an analysis of the photomicrographs and the 
following equation: 

s (A) 



Table 6 

COMPOSITION OF FOAMED ADHESIVES 

Epoxy Curing Agent 
Amount 

Formulation Type (gms) Type 

Y-11 Araldite 6005 · 60 Versamid 125 

GD-67B Epon 826 60 Merginamide L-425 

FV-45 Epon 826 66.3 Versamid 140 
Merginamide L-425 

BX-23 Araldite 6005 83.6 Merginamide L-425 
Diethyla111i11opropylamine . 

GD-22 Epon 826 60 Versamid 140 

FV-43 Epon 826 50.6 Versamid 140 

KD-26A Araldite 6005 60 Ve_rsamid 125 

KD-25B Araldite 6005 60 Versamid 125 

KD-27A Araldite 6005 60 Versamid 125 

KD-27B Araldite 6005 60 -Versamid 125 

KD-27C Araldite 6005 60 Versamid 125 

KD-30A Araldite 6005 60 Versamid 125 

KD-30B Araldite 6005 60 Versamid 125 

GD-6 Araldite 6005 60 Versamid 140 

(1) Equal parts Merginamide L-425 and Epon 828. 
(2) Prereacted 30 minutes. · 
(3)' Prereacted 50 minutes. 

Amount 
(gms) 

60 

60 

44.4 
9.2 

35.8 
0.6 

60 

50.6 

60 

60 

60 

60 

60 

60 

60 

60 

Additive 

Type 

None 

None 

None 

Phenolic Microspheres 

None 

Pluronic L-62 
Phenolic Microspheres 

ME-1 (1) 

ME-1(2) 

ME-1 

ME-1 (2) 

ME-1(3) 

APB-1 (4) 

APB-1 

None 
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Amount 
(gms) 

7 

0.9 
17.7 

10 

10 

20· 

20 

20 

1.2 

0.6 

(4) Prepared by dissolving 0.5 ml BF3:0Et2 in ten gram~ of polyethylene glycol 400 and stirring the solution into ten 
grams of Araldite 6005. 

where N00 represents the number of bubbles per square millimeter in the cured foam and 
N10 the number of bubbles per square millimeter in the foam at ten minutes after 
completion of the whipping. 

As seen in Tables 7 and 8, the Versamid 
140 foams always had lower foam 
slabilities. than the Versomid . 126 or 
Merginamide L-425 (Lot 112) formula
tions. These low stabilities can be 
attributed, to a large extent, to the lower 
viscosity of Versamid. 140. However, as 
pointed out in a previous section (Page 
5), the lack of a surface-active agent is 
often an. important factor in poor foam· 
stability, and evidence presented thus far 
does not rule this out as a possibility. · 

Table 7 

·RELATIVE FOAM STABILITY OF 0.25 ± 0.03 GM/ML 
EPOXY FORMULATIONS 

Relative 
Number of. Bubbles Foam 

Ten Minutes After Stabiiitvl1 l 
. Formulation After Mixing Curing (%) 

Y-11 221 80 36.2 
FV-45 89 2 2.2 
BX-23 178 119 66.9 
GD-67B 161 68 42.2 

(1) Col'T)parison of number of bubbles remaining on curing 
to the number at 10 minutes after whipping. 

That foam stabilizers are important to the stability of epoxy-polyamide foams was indicated 
by a careful study of the relatively more successful Araldite 6005 foams. Characterization of 
Araldite 6005 (see Appendix A) by molecular _distillation, gel permeation chromatography 
(GPC), and n_uclear magnetic resonance (NM R) indicated the presence of approximately 5.3 
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Table 8 

RELATIVE FOAM STABILITY OF 0.57 ± 0.03 GM/ML 
EPOXY FORMULATIONS 

percent 1-(p-tertiarybutylphenoxy)-2, 3 
epoxy propane (Compound Il): 

Formulation 

GD-6 
GD-22 
FV-43 
KD-25A 
KD-25B 
KD-27A 
KD-27B 
KD-27C 
KD-30A 
KD-30B 
Y-11 

Number of Bubbles 
Ten Minutes 
After Mixing 

195 
85 

130 
314 
290 
395 
320 
290 
130 
205 
258 

After 
Curing 

45 
6 
4 

47 
64 
69 
62 

110 
27 
70 
67 

Relative 
Foam 

Stability (1) 

(%) 

·23.1 
7.1 
3.1 

15.0 
22.1 
17.5 
19.4 
37.8 
20.8 
34.2 
26.0 

(1 I Comparison of number of bubbles remaining on curing 
to the number at 10 minutes after whipping.· 

II 

which is typical bf a number of reactive 
diluents commonly used in epoxy resins. 
Corresponding analyses of Epon 826, 
which was similar to Araldite 6005 in 
viscosity and epoxide equivalent, indi
cated that no reactive diluent - was 
present. In comparing Epon 826 and 
Araldite 6005, the Araldite formulations 
were always the more stable. For 
example, in Tat?le 8, GD-6 (Aral°dite 

6005/Versamid · 140) was considerably more stable than GD-22 (Epon 826/Versamid 
140)-23 percent versus 7 percent. Another Araldite 6005 formulation, BX-23, at 67 
percent (Table 7) had one of the highest foam stabilities of any formulation studied in this 
work. 
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Figure 6. CHANGE IN THE AVERAGE BUBBLE SIZE WITH TIME FOR SELECTED EPOXY FOAMS •.. 

-· 
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Incorporating prereacted Epon 828/Merginamide L-425 into Araldite 6005/Versamid 125 
(Y-11) improved the stability of Y-11 somewhat. For example, KD-27C in Table 8, in which 

·the 828/L-425 mixture had been prereacted 50.minutes, gave a foa.m stability of 38 percent 
versus 26 percent for. Y-1 h Incorporating a quick curing system (boron trifluoride 
ettierate/polyethylene glycol 400/Araldite 6005) into the basic Y-11 mixture also gave 
improved foam stabilities, as indicated by Formulation KD-308 in Table 8. Possibly the 
separate systems incorporated into the Y-11 were sufficiently different from the bulk that 
they concentrated in the cell walls of the foams where they increased the surface viscosity, 
retarding cell growth and thus increasing the foam stability of the system. 

Evaluation of Foam Stabilizers 

A large number of organic compounds were evaluated for their stabilizing ability when 
incorporated into Epon 826/Merginamide L-425 foams. Some of the compounds were 
evaluated from photomicrographs taken of foam samples spread to a thickness of five mils 
on glass slides (Figure 3). Foam stability was determined as in Equation A. In a second 
method of evaluation, photomicrographs were taken of foam. samples compressed to a 
thickness of five mils between glass slides. As indicated in Figure 7, the gap was maintained 
by the use of double-faced adhesive tape as shims . 

Adhesive Shims 

Figure 7. COMPRESSING AN EPOXY FOAM BETWEEN GLASS SLIDES. 

The second method avoided an unnecessary exposure to ambient ai.r and possible lowering 
of the foam stability by the action of such deterrents as dust and air currents. The samples 
had to be compressed carefully to avoid an unnecessary collapse of the foam; nevertheless, 
the second. method probably was a fair representation of the foam stability situation in an 
adhesive bond. 

Epon 826 and Merginamide L-425 were likely candidates for an evaluation of the foam 
stabilizers. Epon 826, as previously indicated, had no diluent present to confound the action 
of the evaluated compounds;. and, when whipped, Merginamide L-425 (Lot 112) formed a 
medium-stability foam. In most of the formulations, five grams of the additive to be 
evaluated were used with 115 grams of equal portions of Epon 826 and Merginamide L-425. 
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In the event of a variation in the additive dose, the batch size was held constant at 120 
grams. Unless otherwise noted, liquid additives were blended into the curing agent before 
combining with the epoxy. Solid additives were melted arid/or blended into the curing agent 
at elevated temperatures, then the mixtures were allowed to cool to room temperature 
before use. 

Equal portions (60 grams each) of Epon 
826 and Merginamide L-425 gave the 
lowest dens!tv of the various ratios of the 
two reactants (Figure 8). Bulk-foam 
densities of the formulations were 
obtained immediately after mixing by 
using a tared 60-milliliter plastic cup. 
Densities of the whipped components 
varied from 0.15 gm/cc all the way to 
fu I I-density material; but, generally, in the 
range from 0.20 to 0.30 gm/cc. The 
constituents of each of the formulations 
were blended for one minute at low speed 
in an electric mixer, then whipped for ten 
minutes at high speed. The ten-minute 
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Figure 8. BULK-FOAM DENSITY AS A FUNCTION OF 
. THE PERCENT BY WEIGHT OF MERGINAMIDE L-425 

IN EPON 826. 

whip time was determined from the minimum in the bulk-foam density obtained by 
whipping Epon 826/Merginamide L-425 formulations for various lengths of time (Figure 9). 
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Whip Time, (minutes) 

Figure 9. BULK-FOAM DENSITY. OF EPON 826/MERGIN
AMIDE L-425 AS A FUNCTION OF THE WHIP TIME. 

In the work of the first phase, 
summarized in Table 9, photomicrographs 
of the foam samples were taken at ten 
minutes after mixing and at approximate
ly 24 hours after mixing (when the foams 
had complet~ly cured). As indicated in 
Table 9, oromohexadecane and 1,5-penta
nediol (Formulations 33 and 21) were 
excellent foamers with Epon 826/Mergin
amide L-425, but neither was able to 
improve the stability of Formulation 
M-309. The pentanediol was able to 
improve the stability of FV-45, a 

Versamid 140 formulation (Formulation 51 F, Table 9). Even though there was some 
unreliability in the stability data of Table 9; the density data were somewhat informative. 
formulations 11, 31, 70, 72, 81, and 84 (!!-dodecanol, ethyl tetradecanoate. 
1,5-diaminopentane, n-heptadecylamine, n-tetradecanol, and n-hexadecanol, respectively) 
lowered the density of Epon 826/Mergina~ide. L-425 (Formul~tion C) slightly (from 0.23 
to 0.22 or 0.21 gm/cc). The fact that five of the compounds that lowered the density 
contained a -long-chain· alkyl group was significant in light of the current foam theory. Thus, 
it is predicted that a high degree of foaming will occur in a formulation containing a 
resin-insoluble long-chain alkyl compound with a polar end somewhat soluble in the resin 
systems. 

• 
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Table 9 

DATA FROM THE FIRST PHASE OF THE FOAM-STABILITY STUDIES 

Uncured 
Bulk-Foam 

Epoxy and Density Cell Distribution · Percent 

Formulation Curing Agent Additive I 1 l (gm/cc) (bubbles/mm2) 12) Stabilityl3l 

1 (4) (5) !-B~tylphenoxy Epoxy Propane 0.27 < 
214) (6) None 0.28 < 
3(4) (7) None 0.28 < 
c (8) None 0.23 101 46 
4 (9) 13-Di-!J·Butylaminoethanol 0.24 84 43.1 
5 (9) -y-Di·!J·Butylaminopropanol 0.23 78 46.6 
6 (9) 13-Diethylaminoethanol 0.25 122 46.1 
7 (9) Dimenthylaminoethanol 0.26 90 49.5 
8 (9) !J·Laurylmorpholine 0.24 58 43.0 
9 (9) isooctyl morpholine 0.44 134 47.5 

10 (9) n-Octanol 0.27 86 51.5. 
11 (9) !J·Dodecanol 0.22 77 44.7 
12 (9) !J·Tetradecanol (tech) 0.25 56 41.8 
13 (9) 2-0ctanol 0.25 74 51.2 
14 (9) !J·Hexanol 0.25 79 64.7 
16 (9) Butyl Cellosolve 0.29 117 62.5 
17 (9) !)_-Hexyl Carbitol 0.26 78 62.1 
19 (9) Hexylethyl Carbitol 0.71 90 44.5 
20 (9) Penta··Ether 0.23 92 61.1 
21 (9) 1,5-Pentanediol 0.24 185 96.6 
22 (9) Octylene Oxide 0.57 148 54.1 
23 (9) Hexadecyldimethylamine 0.31 69 55.9 
24 (9) Tri-!)_-Octylamine 0.97 
25 (9) 1,6-Hexanediamine 0.25 87 63.3 
27 (9) Linalool 0.25 108 72.2 .. 
28 (9) 2-Bromo-!-Butylphenol 0.29 158 45.8 
29 (9) Methyl Undecanoate 0.33 101 45.8 
30 (9) Ethyl Dodecanoate 0.24 69 55.3 
31 (9) Ethyl Tetradecanoate 0.22 "49 36.3 
32 (9) 1-Bromododecime 0.24 99 63.1 
33 (9) 1-Bromohexadecane 0.23 136 98.3 
34 (9) !J·Butyl Oleate 0.23 85 64.4 
35 (9) Methyl Undecyl ·Ketone 0.25 56 47.6 

FV 45(4) (10) None 0.27 < 1 
36F (11) 13-Dimethylaminoethanol 0.29 66 45.3 
3/F ('I 'I) 11-HtlAc111ul 0.29 ..-; 1 

38F (11) Butyl Cellosolve 0.21· 76 62.4 
39F (11) Penta Ether 0.26 55 fi2.7 

(1) Unless otherwise noted, five grams of additive were blended into the curing agent before use. 
(2) In the cured fo(lm, 
(3) The percentage of bubbles in the cured foam compared to the number of bubbles at ten minutes after whipping. 
(4) The foam collapsed to such an extent that the count of bubbles in the cured foam and the determination of the 

stability were impossible. 
(5) Epon 826, 57.5 grams; Versamid 140, 57.5 grams. 
(6) Epon 826, 60 grams; Versamid 140, 60 grams. 
(7) Araldite 6005.'60 grams; Versamid 140, 60 grams . 
. (8) Epon 826, 60 grams; Merginamide L-425, 60 grams. 
(9) Epon 826, 57.5 grams; Merginamide L-425. 57.5.grams. 
(10) Epon 826, 66 grams; Versamid 140, 44.4 grams; Merginamide L-425, 9.6 grams. 
(11) Epon 826, 63.2 grams; Versamid 140, 42 .. 5 grams; Merginamide L-425, 9.2 grams. 
(12) Epon 828, 80 grams; Merginamide L-425/11 phr acrylonitrile, 40 grams. 
(13) Epon 828, 76.7 grams; Merginamide L-425/11 phr acrylonitrile, 38.3 grams. 
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Table 9 (Continued) 

Uncured 
Bulk-Foam 

Epoxy and Density Cell Distribution Percent 
Formulation Curing Agent Additivel1l (gm/cc) (bubbles/mm:?)l2l Stabilityl3) 

M-~09 (12) None 0.30 128 60.1 
40M (13) (j-Dimethylaminoethanol 0.34· 132 49.7 
41M (13) n-Hexanol 0.35 126 54.5 
42M (13) Butyl Cellosolve 0.35 108 42.5 
43M (13) Penta Ether 0.31 78. 35.6 
50F ,( 11) 1-Bromohexadecane 0.29 < 1 
51 F ( 11) 1,5-Pentanediol 0.25 59 54.8 
52M (13) 1-Bromohexadecane 0.34 75 42.4 
53M (13) 1,5-Pentanediol 0.32 < 1 
54 (9) Hexafluorobenzene 0.28 107 !41.8 

·5? (9) Hyprose SP-80 0.26 155 56.6 
56 (9) Triphenylphosphine 0.24 81 45.1 
57 (9) Allyl Glycidyl Ether 0.28 99 .44.3 

60 (9) Dodecenyl Succinic Anhydride 0.33 266 71.9 
61 (9) Methyl Octadecanoate 0.27 164' 42.7 

62 (9) 2-Allyl Phenol 0.34 224 63.0 
65 (9) Dodecylurea . 0.33 268 65.7 

66 (9) Dibutyl .Q-Tartrate 0.25 101 57.7 
67 (9) a-Aminododecanoic Acid 0.33 170 44.8 

68 (9) Allyl Tetradecanoate 0.27 73 61.1 

69 (9). !;-Butylaminoethyl Methacrylate 0.31 91 56.5 
70 (9) 1,5-Diaminopentane 0.21 52 46.1 
71 (9) Dodecylamine 0.23 86 63.8 
72 (9) !l-Heptadecylamine 0.22 236 52.2 
73 (9) Decylaldehyde 0.28 85 43.6 
74 (9) Tetradecylaldehyde 0.31 99 46.5 
75 (g) rr-Octadecyl isocyanate 0.39 
76 (9) 1,2, 7,8-Diepoxyoctane 0.24 87 62.4 
81 (9) Tetradecanol (pure) 0.22 120 63.8 
82 (9) Bis-Hydroxyethyl Dimerate 0.79 Pictures Not Taken 

84 (9) Hexadecanol 0.21 160 47.1 
87 (9) n-Octanoi 0.23 7~ 59.1 

Supporting this premise is the fact that tri-n-octylamine (Formulation 24, Table 9), a 
symmetrical molecule: 

... .. 
tri-!}-OCtylamine 

was a good antifoam agent, while the increasingly more .linear di-,!:!-OCtylamine and 
!!-octylamine gave increasingly more successful foams, .as indicated in Table 10. 

Tables 11 through 13 summarize the data in the second phase of the foam stabilization 
studies. Photomicrographs were taken as before including some taken between 10 and 150 
minutes after mixing. From Table 11 it is apparent that octadecanoic acid (stearic acid), 
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Table 10 magnesium octadecanoate (magnesium stearate), 

EFFECT OF THE OCTYLAMINES ON 
THE BULK FOAM DENSITY OF 
EPON 826/MERGINAMIDE L-425 

heptadecylamine, and, possibly, hexadecycltri
methyl ammonium bromide in Formulations 94, 
98, 99, 100, 112, and 119 stand· out above the 
rest in their ability to stabilize the Epon 

Compound 
Bulk Density 826/Merginamide L-425 formulation. Magnesium 

(gm/cc) 
stearate produced a 0.25 gm/cc foam which 

None 
!!-OCtylamine 
di-,!!-OCtylamine 
tri-,!!-OCtylamine 

0.267 
0.307 
0.417 
0.994 

retained 86.5 percent of its bubble cells. Stearic 
acid was especially effective in producing 
extremely small bubbles, as evidenced by the 
large number of bubbles ( 1,076/mm2) in the 
cured formulation (Formulation 98). The 

additives that were successful with. 826/L-425 were tried with FV-45 and M-309, and with a 
large degree of success. The improvement of FV-45 was striking. FV-45 with no additive had 
a very low percent stability (< 1%); however, stearic acid and magnesium stearate in 
Formulations 136F and 138F improved the stability of FV-45 to 68 and > 95 percent, 
respectively. Although magnesium stearate was more successful in stabilizing FV-45, it 
produced a somewhat higher density bulk foam (0.33 gm/cc) than FV-45 with no additive 
(0.27 gm/cc). Stearic acid and magnesium stearate were highly successful with M-309 also. · 
As indicated in Table 1 l for Formulations 129M and 140M, the two additives increased the 
stability of M-309 from 32 percent to > 98 percent. Stearic acid would be the preferred 
additive in that it produced a somewhat lower bulk-foam density than magnesium stearate. 

Figures 10 and 11 illustrate the coalescence of 
foam bubbles with time for M-309, FV-45, 
M-309/stearic acid, and FV-45/magnesium 
stearate. In M-309 and FV-45, there is rapid 
coalescence for the first 30 minutes, indicated 
by the large decrease in the number of 
bubbles/mm2; but, in each of the foams with an 
additive, there is essentially no coalescence. The 
dramatic increase in foam stability of the stearic 
acid-stabilized foams is indicated in Figure 12, 
which compares photom icrographs of the cured 
stabilized and unstabilized foams. 

Heptadecylamine formulations represent the 
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ability of the long-chain alkylamine additives to Figure 10. COALESCENCE OF FOAM BUBBLES 

produce lower-density foams {but not always WITH TIME FOR SOME ADHESIVE-FOAM 
FORMULATIONS. 

more stable foams). In Formulation 100, the 
heptadecylamine additive lowered the density 
of 826/L-425 8.7 percent (from .o.23 to 0.21 gm/cc); in Formulation 137F, it lowered the 
density of·FV-45 26 percent (from 0.27 to 0.20 gm/cc); in Formulation 139M, it lowered 
the density of M-309 40 percent (from 0.30 to 0.18 gm/cc). The data indicate strong surface 
activity on the part of the fatty amines. However, the stabilities of these foams were some
times very low, especially in bulk and often when spread into thin films or otherwise manip
ulated. Apparently, the fatty-amine containing foams have very low cell viscosity or have very 
thin cell walls so that the Marangoni effect cannot operate, or both. However, a case where 
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Table 11 

DATA FROM THE SECOND PHASE OF THE FOAM-STABILITY STUDIES 

Uncured 
Bulk-Foam 

Epoxy and Density C"ell Distribution Percent 
Formulation Curing Agent Additivel1 l (gm/cc) (bubbles/mm2) (2) Sta bi I ity (3) 

88 (4) 0.23 93 35.7 
89 (5) Pentanoic Acid 0.29 248 44.9 
90 (5) Octanoic Acid 0.29 198 39.9 
91 (5) Nonanoic Acid 0.27 152 42.1 
92 (5) Tetradecanoic Acid 0.25 114 48.3 
93 (5) Hexadecanoic Acid 0.24 85 30.6 
94 (5) Octadecanoic Acid 0.23 790 10.3 
95 (5) Oleic Acid 0.24 97 30.4 
96 (5) Oleic Acid with Epon 826 . 0.24 132 37.6 
97 (5) Tetradecanol (tech) 0.21 48 34.2 
98 (5) Octadecanoic Acid with Epon 826 0.27 1,076 77.9 
99 (5) Octadecanoic Acid 0.25 838 71.0 

100 (5) !!-Heptadecylamine 0.21 320 . 74.2 

110 (5) Monoglycerin -Ricinoleate 0.24 114 38.2 
111 (5) Calcium Octadecanoatel6) 0.36 
112 (5) Magnesium Octadecanoate 0.25 257 86.5 
113 (5) Butyl Cellosolve Octadecanoate 0.21 42 30.1 
115 (5) Butyl Methacrylate 0.37 103 43.2 
116 (5) 1, 10-Decanediol ·0.28 105 40.1 
119 (5) Hexadecyltrimethyl Ammonium Bromide 0.29. 419 73.3 
120 (5) Tributylphosphine Oxide 0.31 66 24.1 
121 (5) 1-(p-!;-butyl phenoxy )-2,3-Epoxypropane 0.26 95 35.7 
123 (5) Soft Paraffin 0.40 781 57.7 
124 (5) Ceres in 0.42 
125 (5) Castorwax 0.27 .83 18.3 
126 (5) Diacetone Acrylamide 0.25 114 24.4 

.. 
127 (5) Sodium Lauryl Sulfate 0.26 245 49.6 

FV -4517) (8) None 0.27 < 1 
129M (9) Octadecanoic Acid 0.25 1,200 > 98 
130 (4) Tween 20 (one gram only) 0.25 74 23.2 
131 (6) Octodeconoic Acid+ 5 gms hexane 0.28 714 85.2 
132 (5) Ethylene Diamine Dioctadecyl·Amide 0.33 481 78.3 
133 (5) Octadecanoic Acid Plus One Gram Tween 20 0.21 508 72.1 

M-309 (10) None 0.30 113 31.5 
136F ( 11) Octadecanoic Acid 0.32 448 68.1 
137F ( 11) !!:Heptadecylamine 0.20 76 30.8 
138F ( 11) Magnesium Octadecanoate 0.33 1,000 > 95 
139M 191 !}-Heptodecylominc 0.18 222 39 
140M (9) Magnesium Octadecanoate 0.28 990 > 98 

(1) Unless otherwise noted, five grams of additive were blended into the curing agent before use. 
(2) In the cured foam. 
(3) The percentage of bubbles in the cured foam compared to the number of bubbles at ten·minutes after whipping. 
(4) Epon 826, 60 grams; Merginamide L-425, 60 grams. 
(5) Epon 826, 57.5 grams; Merginamide L-425, 57.5 grams. 
(6) There was precipitation of the additive. 
(7) The foam collapsed to such an extent that the count of bubbles in the cured foani and the determination of the 

stability were impossible. 
(8) Epon 826, 66 grams; Versamid 140, 44.4 grams; Merginamide L-425, 9.6 grams. 
(9) Epon 828, 76.7 grams; Merginamide L-425/11 phr acrylonitrile, 38.3 gram~. 
(10) Epon 828, 80 grams; Merginamide L-425/11 1.phr acrylonitrile, 40 grams. 
(11) Epon 826, 63.2 grams; Versamid _140_. 42.5 grams; Merginamide L-425, 9.2 grams. 
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Table 12 

DATA FROM FORMULATIONS WHIPPED UNDER AN AIR PRESSURE OF 30 PSI 

Uncured 
Whip Bulk-Foam 

Epoxy and Time Density Cell Distribution Percent 

Formulation Curing Agent Additive (min) (gm/cc) (bubbles/mm2) (1 l Stability12) 

102 (3) 5 gms Octadecanoic Acid 10 0.15 222 61.6 
103 (3) 5 gms Octadecanoic Acid 5 0.18 314 81 .7 

104 (4) 2.5 gms Octadecanoic Acid 5 0.18 164 81 .1 
107 (3) 5 gms ,!!-Heptadecylamine 5 0.15 91 > 96 
108 (5) 7.5 gms Octadecanoic Acid 5 0.19 270 78 
135 (6) None 5 0.16 42 31.0 

(1) In the cured foam. 
(2) The percentage of bubbles in the cured foam compared to the number of bubbles at ten minutes after whipping. 
(3) Epon 826, 57.5 grams; Merginamide L-425, 57.5 grams. 
(4) Epon 826, 58.75 grams; Merginamide L-425, 58.75 grams. 
(5) Epon 826, 56.25 grams; Merginamide L-425, 56.25 grams. 
(6) Epon 826, 60 grams; Merginamide L-425, 60 grams. 

Table 13 

DENSITY AND STABILITY DATA FOR EPON 826/MERGINAMIDE L-425 
FOAM FORMULATIONS 

Bulk 
Foam Bondline 

Density Density 
Formulation Additivel1) (gm/cc) (gm/cc) 

c None 0.25 0.27 
R-147 !).-Hexadecanamide 0.28 0.28 
R-152 n-Octadecanamide 0.31 0.30 
R-198 N-(2-hydroxyethyl) Dodecanamide 0.31 0.34 
R-150 n-Nonadecanoic Acirl 0.28 0.31 
R-151 n-Eicosanoic Acid 0.29 0.31 
R-193 !l-Dodosanoic Acid 0.27 0.29 
R-92 n-Tctrndcc;moic Acid 0.25 0.29 
R-93 n-Hexadecanoi<: Acid 0.27 0 .29 
R-94 !!-Octadecanoic Acid 0.28 0.30 
R-71 1-Dodecylamine 0.25 0.27 
R-154 1-Hexader.yliimine 0.22 0.25 
R-72 1-Heptadecylamine 0.23 0.25 
R-155 1-0ctadecylamine 0.19 0.22 
R-81 1-Tetradecanol 0.21 0.24 
R-84 1-H exadecan ol 0.22 0.23 
R-188 1-Heptadecan al 0.40 0.37 
R-172 1-0ctadecanol 0.23 0.24 
R-190 1-Nonadecanol 0.23 0.24 
R-189 1-Eicosanol 0.32 0.31 
222 Octadecylammonium Octadecanoate 0 .27 0.28 
223 Octadecylamine and Octadecanoic Acid(2) 0.26 0.29 

(1) Five grams with 57.5 grams each Epon 826 and Merginamide L-425. 
(2) Equimolor amount~ totaling five grams. 

Foam 
Stability 

(%) 

28 ± 5 
67 
79 
26 
88 
82 

> !)!) 
51 
62 
92 
38 
85 
65 
29 
43 
46 
57 
G3 
59 
88 
79 

> 99 
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Figure 12. PHOTOMICROGRAPHS SHOWING THE STABILIZING EFFECT OF 
STEARIC ACID ON SOME EPOXY/POLY/\MIDE FOAMS. (100X) 
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heptadecylamine produced a low density (0.15 gm/cc) as well as a very stable foam (> 96% 
stability) is seen in Table 12 in a group of formulations whipped under an air pressure of ap
proximately 30 psi. Generally, the foams whipped under pressure were lower in density and 
had much larger bubbles than corresponding formulations whipped at atmospheric pressure. 
The shapes of the bubbles in the lower-density foams (~ 0.22 gm/cc and lower) resembled 
more closely that of the theoretical pentagonal dodecahedrons than the spherical bubbles of 
the higher-density foams. Consequently, any advantages in stability that might be gained in 
the very low densities (0.15 gm/cc and lower) would be offset by the difficulty in spreading 
such foams with highly angular bubbles. The low-density formulations would be more 
suitable to those processes which lend themselves to extrusion rather than manual spreading 
of the foams. 

Foam stability, as determined in this study (Equation A), was apparently a fair basis for 
comparing the degree of cell coalescence of adhesive foams. The method has been 
reproducible enough to easily evaluate the common epoxy foams (FV-45, M-309, and Epon 
826/Merginamide L-425). For example, in ten evaluations of Epon 826/Merginamide 
L-425 foams, the percent foam stability (bulk-foam density range 0.255 ± 0.005 gm/cc) was 
no lower than 23 percent and no higher than 33 percent. 

The method also has been sensitive enough to detect significant changes in foam stability 
with changes in additive concentration. For example, Table 14 and Figure 13 clearly 
indicate stability maximization of M-309/!]-octadecanoic acid foams at five grams of 
octadecanoic acid per 120-gram batch. Also, the curve of Figure 14 seems to indicate that 
the stability optimization of M-309/hexadecylamine foam formulations has not been 
attained, and that a concentration either greater than nine or less than one gram per 
120-gram batch will be needed to do this. In the light of this discussion, the high con
centrations of amine probably would not be desirable; moreover, it is noteworthy that 
the addition of only one gram of hexadecylamine increased the stability of M-309 from 22 
to 64 percent. Therefore, it is possible that additions of even less than one gram would give 
stabilities higher than 64 percent, although this possibility was not determined. 

Table 14 

DENSITY AND STABILITY FOR M-309/0CTADECANOIC 
ACID FOAM FORMULATIONS 

Merginamide Bulk 
Epon L-425/ Acrylonitrile n-Octadecanoic Foam Bondline Foam 
828 Adduct Acid Density Density Stability 

Formulation (gms) (gms) (gms) (gm/cc) (gm/cc) (%) 

M-309 80 40 0 0.30 0.31 22 
257M 79.3 39.7 1.0 0.28 0.29 64 
258M 78.0 39.0 3.0 0.26 0.28 95 
259M 76.8 38.4 5.0 0.26 0.27 >99 
260M 75.6 37.8 7.0 0.25 0.28 97 

The ability of the fatty amines and also the alcohols to again produce low-density 
epoxy/polyamide foams is apparent from Tables 13 and 15 and Figure 14. Hexadecylamine, 
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as shown in Figure 14, significantly 
decreases the density of M-309 with 
increasing concentrations of the amine. 

The surface ·tensions of Merginamide 
L-425/stearic acid, Merginamide L-425/ 
hexadecylamine, and Epon 826/hexade~ 
cylamine mixtures are given in Figures 15 
through 17. Reductions in the surface· 
tension are only slight (as would be 
expected since the surface tensions of the 
resins are already low), but indicate that 
little additional .decrease in surface 
tension is expected ·beyond --3 x 1 o-4 
mole/gram of resin, or' about 3 - 6 grams 
per 120-gram batch of foam. Since the 
stabilities and densities, as shown in 
Figures 13 and 14, are not correlated 
completely with the surface tension data,. 
the Marangoni effect would not appear to 
be . the· only influence on the stabilities 

and densities of the epoxy-polyamide foams; but, rather, surface viscosity or overall bulk 
viscosity may be just as important. In the case of the stearic acid formulations, -the 
formation of curing agent amine (especially free polyamine) salts would increase the 
viscosities of the systems. If the stearic acid amine salts were surface active to a large extent, 
then surface viscosity in those systems should be considerably higher and consequently 
should lead to higher-stability foams. 

Formulations 222 and 223 in Table 
13 were initial attempts to combine 
the foaming power of the fatty 
amines and the foam-stabilizing 
ability of the fatty acids. The data 
indicate that whether the additives 
are premixed separately with the 
epoxy and curing agent or 
combined to form a salt before 

· addition may be important to the 
. success of this system. Octadecano

ic acid premixed with Merginamide 
L-425 and octadecylamine pre
mixed with Epon 826 produced a 
less-dense, more-stable foam (For
mulation 223) than did ·the 
corresponding ammonium salt, 
octadecylammonium . octadecano
ate (Formulation 222). Apparently, 
the amine rind acid can act 
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Table 15 

DE.NSITY AND STABILITY DATA FOR M-309/HEXADECYLAMINE 
· FOAM FORMULATIONS 

Merginamide 
Epon L-425/ Acrylonitrile 
828 Adduct 

Formulation (gms) (gms) 

M-309 80 .. 40 
262M 79.3 39.7 
263M 78.0 39.0 
264M 76.2 . 38.1 
265M ,. 74.4 37.2 

somewhat independently of. each other in 
foam production and stabilization. 
However, the data do not indicate any 
significant · improvement over the fatty 
acids, and stearic acid. would still be· the 
additive of choice for stabilizing 
epoxy-polyamide resin foams. 

STABLE VERSAMID FOAMS 

The Versamids would be highly desirable as 
curing agents for epoxy/amidopolyamine 
foams. They are an all-domestic product 
and would be expected to be highly 
reproducible in their physical properties. 
However, as indicated in the previous 
discussion, the common Versamid 
formulations (the FV series) have very low 
foam stabilities which make the 
formulations unsuitable for many 
applications. Nevertheless, the ,success of 
stearic acid as a stabilizer in 
epoxy/amidopolyamine foams has provided 
the means of making the Versamids more 
attractive in foam formulations. This section 
of the report deals with the development of 
two series of stearic acid-stabilized 
epoxy/Versamid foams. 

Y-12H Foams 

This series of stable Versamid foams is 
based on a stearic acid-stabilized Epon 
828/Versamid 125/Versamid 140 system. 
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The basic system, designated Y-12H, consists of 
884 grams of Epon 828, 354 grams of Versamid 
125, 530 grams of Versamid 140, and 32.0 
grams (1.78 wt%) of stearicacid. Formulations 
of this type, varying in the amount of stearic 
acid, are designated Y-12H/X% SA, the amount 
of stearic acid (SA) being designated on a 
weight percent basis. The recommended 
method of formulation of Y-12H is described in 
Appendix B. 

Recognizing the importance of viscosity to the 
success of the epoxy/polyamide foams, Epon 
828 was chosen over the less-viscous Epon 826 
as the epoxy constituent. Likewise, Versamid 
125 and Versamid 140 mixtures of various 
viscosities were evaluated for their effect on 

foam performance. Stearic acid was selected as the foam stabilizer since the stability studies 
showed it to be the most successful with these systems. 

Foams were produced by frothing 1,800-gram batches at 24 - 270 C with the Hobart C-100 
mixer. The components were blended at low speed for 30 seconds then whipped at high 

·speed for five minutes. Immediately after whipping, samples were taken for stability, 
density, spreadability, and pot:life determinations. · 

The percent foam stability was determined as mentioned previously .(Equation A). 
Bulk-foam densities were determined from the weights and volumes of uncured foam in 
half-pint paper cups (3 samples). Spreadabili.ty determinations were made from half-pint 
foam samples drawn down with the Gardner knife to a thickness of approximately 35 mils 
at 5, 10, 15, 20, 25, and 30 minutes after frothing. A foam was rated "good" in 
spreadability if there was no tearing of the foam on spreading through 20 minutes; a foam 
was rated "fair" if there was only a slight amount of tearing throughout the spreading, or if 
considerable tearing started at 20 minutes; and a foam was rated "poor" if considerable 
tearing started at 15 minutes or before. The pot life was' determined by measuring the 
temperature as a function of time for half-pint samples taken from the mixing bowl 
immediately after whipping. This determination served to relate the Versamid formulations · 
with the Merginamide formulations, such as M-310 whipped and evaluated in like manner, 
and did not represent the true pot life of the formulation in bulk. · 

Table 16 summarizes the evaluation of various Epon 828/Versamid 125/Versamid 140 foam 
formulations (1 H - 6H). Increasing the amount of Versamid 140 generally decreased the 
density (Figure 18) and increased the pot lite (t-igure HJ). All the formulations spread quite 
well, but there was considerably increasing cell coalescence with increasing concentration of 
V-140, as indicated in Table 16 and Figure 20. Figure 20 is a photograph of Spread Samples 
3H and 6H, and the picture clearly indicates that there is an increase in cell size on increase 
in the Versamid 140 concentration. Except for an unacceptably low stability, Formulation 
5H seemed to have the best overall properties of the six formulations. 
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Table 16 

DATA FOR EPON 828/VERSAMID 125/VERSAMID 140 FOAMS 

Versa mid 
Epon 828 125 

Formulationl1 I (wt%) (wt%) 

1H 50 50 
2H 50 40 
3H 50 30 
4H 50 25 
5H 50 20 
6H 50 10 

(1 I All samples were 1,800-gm batches. 
(2) See Figure 18. 

Versa mid Relative 
140 Pot 

(wt%) Lifel21 

0 
10 .. ., 
20 .. 

"' 25 !!:! 
u 

30 .= 
40 

(3) Number of bubbles/mm2 in a five-mil·thick section of cured foam. 
(4) Considerable collapsing was observed in the spread samples. 
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c 
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Bulk-Foam 
Density Cell 
(gm/cc) Distributionl31 

0.452 386 
0.391 421 
0.287 53 
0.269 49 
0.263 40 
0.262 27 

lH 

0 10 20 
Versomid 140 (wt%) 

50 40 30 
Versomid 125 (wt%) 

Spreadability 

Goodl41 
Goodl41 
Good 
Good 
Good 
Good 

SH 6H 

30 40 

20 10 

·Efforts were made to improve ·the stability 
of Formulation 5H by incorporating stearic 
acid. Stearic acid used in this .test was a 
fairly pure grade that melted at 68 - 69.50 C 
(accepted value for !!-octadecanoic acid( 15) 
is 70.1 o C). For each batch, the acid was 
dissolved in the mixed Versamids at an 
elevated temperature and the entire mixture 
allowed to cool before use. Prolonged 
heating above 70 - 750 C was avoided 
because of the. increased possibility of 
amide formation with stearic acid and 
Versamid amine at those ter:nperatures. 
Separate experiments have shown amides to 
give poor foam stabilities (see the discussion 
on tall oil amidopolyamine foams, Page 58). 
The cooled Versamid 125/Versamid 
140/stearic acid blend resembled a thick 
amber-colored grease. Whipping and the 
density, spreadability, and pot-life 
evaluations were as before. 

Figure 18. BULK-FOAM DENSITY AS A FUNCTION 
OF THE WEIGHT PERCENT VERSAMIO 140 AND 125 
IN EPON 828NERSAMID 140. 

Table 17 and Figures 21 through 23 summarize the results of the stabilization effort. 
Generally, increasing concentrations of stearic acid gave higher densities and m_ore stable 

. foams. However, in the higher concentrations, the additive also shortened the pot life 
(Figure 21) and adversely affected the spreadability. Formulation 12H, containing 1.78 
weight percent stearic acid, seemed to have the most acceptable properties. Figure 22, which 
compares Spread Samples 5H and 12H, clearly illustrates the stabilizing effect of stearic acid 
on the Versamid formulation. 

Formulation 12H compares favorably with M-310 in many respects. For example, the 
bulk-foam density of 12H (0.275 gm/cc) was only sli~htly higher than M-310 whipped in 



the same manner (~ 0.25 
gm/cc); the foam stab ii ity 
was in the same range as 
M-310 (23% versus 16% 
for M-310); the spreada
bil ity was better than 
M-310 (good versus fair 
for M-31 O), and the 
heating curves (Figure 23) 
indicate that there was 
very little difference in the 
pot lives of the two 
formulations. Hereafter, 
Formulation 12H will be 
designated as Y-12H in 
this report. 

Y-12H Foams for Use at 
Ambient Temperatures 
(20 ± 10 C) - The previous 
discussion involved data 
produced in a laboratory 
environment at a tempera
ture ranging usually be-
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Figure 19. TEMPERATURE AS A FUNCTION OF TIME FOR FOAMS 1H - SH. 
(Epon 828Nersamid 125Nersamid 140) 

tween 24 and 270 C. Controlling the temperature more closely and lowering the 
temperature to a nominal 200 C (680 F) caused undesirable changes to take place in the 
physical properties of Y-12H. The decrease in temperature caused the already high-viscosity 
Y-12H curing agent to become a very heavy grease that was much more difficult to whip. 
Thus, whipping for even three minutes at 20° C at Speed 3 of the Hobart C-100 mixer 
(Batch A4, Table 18) gave only a 0.340 gm/cc bulk-foam density, whereas identical 
whipping of Y-12H at 24° C (~750 F) gave a much lower density of 0.309 gm/cc (Batch 
67H). 

Table 17 

DATA FOR STEARIC ACID-STABIL17ED FOAMS 

Stearic Epon Versamid Versamid Bulk-Foam 
Acid 828 125 140 Density 

Formulation (wt%) (wt%) (wt%) (wt%) (gm/cc) 

7H 10.0 45.0 18.0 27.0 0.337 
8H 6.00 47.0 18.8 28.2 0.349 
9H 3.00 48.5 19.4 29.1 0.314 

10H 1.50 49.3 19.7 29.6 0.292 
11 H 0.750 49.6 19.8 29.8 0.264 
12H 1.78 49.1 19.7 29.5 0.275 

SH None 50 20 30 0.263 
M-310(3) 0.251 

(11 Number of bubbles/mm2 in a five-mil-thick cured-foam sample. 
(2) Not determined. 
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3H 
50% Epon B2B 
30% V-125 
20% V-140 

6H 
50% Epon B2B 
10% V-125 
40% V-140 
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144881 
Figure 20. PHOTOGRAPH OF CURED SAMPLES 3H AND 6H SHOWING INCREASING 
CELL SIZE WITH INCREASING VERSAMID 140 CONTENT. 



35 

140 

7H (10% SA) ,, 
ee"aH (6% SA) 9H {3% SA) 

120 I I ~12H (l.8% SA) . . . "'" I I I ... 
~ 100 

. i • I l OH ( l . 5% SA) 
• ~ '!ff-.. u I... 1; • .,,,. 1\H (0. 75%SA) ~ 

~ 11 t. .f./' .2 
:'. 
Q) 80 a. 
E 

~j Jli~T Q) 
I-

//,. •'-K .. 
60 - J'. " !ti _ __, 

~.-:..r ~J:-'7 
~~ . .,,.-

40 ·--
0 10 20 30 40 50 60 70 

Time (minutes} 

Figure 21. TEMPERATURE AS A FUNCTION OF TIME FOR SAMPLES 7H -12H. 

For the spreadability determinations, samples of the foam were removed from the 10-quart 
mixing bowl at five-minute intervals (except for two-minute intervals near the maximum 
spread time) and were spread in 35-mil films with a Gardner knife. The maximum spread 
time was that time when foam tearing was so severe that a rough surface, as opposed to a 
very smooth one, resulted. In addition, the temperature of the bulk foam was taken with 
time as a supplemental aid in determining the pot lives of the formulations. Figure 24 
displays some of the derived heating curves. 

A likely goal for foams of this type would be a density of 0.275 to 0.325 gm/cc and a pot 
life or spreadabilitv life of 25 minutes. In Batch A4 (Table 18) neither of these requirements 
were met. It was apparent that while further whipping at Speed 3 would bring the density 
within specifications, it would also cause additional heat build up which would shorten the 
pot life even further. A comparison of Batches A4 and A7 indicated that using lower speeds 
was more efficient, and that improved mixing efficiency might be sufficient to bring Y-12H 
within specifications. Both batches were whipped approximately the same number of strokes 
to approximately the same density, but Batch A7 was whipped at a much lower rate (278 
strokes per minute versus 451 strokes per minute) and had a significantly longer pot life 
("' 31 minutes versus 22 minutes). 

The following observations of the data in Table 18 and Figure 24 were informative in this 
study : 

1. The maximum temperature the bulk foam may reach and still remain spreadable is 
45° c. 
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5H 
50% Epon 828 
20% V-125 
30% V-140 

l2H 
5H/ l .78% 
Stearic Acid 

144880 
Figure 22. PHOTOGRAPH OF CURED FOAM SAMPLES SH AND 12H SHOWING THE 
STABILIZING EFFECT OF STEARIC ACID WHEN INCORPORATED INTO FORMULATION 
SH. 
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2. The lower the initial temperature (ie, the temperature immediately after mixing) of the 
foam, the longer it takes the bulk foam to reach 450 C. 

3. The density of a foam (down to 0.3 gm/cc) is, roughly, inversely proportional to the 
number of strokes of the wire whip. 

4, For a given number of strokes (or given bulk density), the initial foam temperature and, 
consequently, the maximum spr_ead time depends on the rate of whipping. The faster the 
whipping rate the higher the initial temperature and the shorter the sprea9 time. 
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Figure 23. TEMPERATURE AS A FUNCTION OF TIME FOR SAMPLES 12H 
AND M-310. 

Y-121-VAcrylonitrile Foams
As mentioned previously, 
modifications of the amine 
curing agents with acrylo
nitrile lowers the reactiv
ity of the curing agent 
and generally increases 
the pot lives and cure 
times of the epoxy/amine 
systems. Acrylonitrile mod
ification of Merginami_de 
L-425 (Lot 112) has been 
used successfully in ex
tending the pot life of the 
Epon 828/Merginamide 

.i L-425 foams, as in the 
M-309 and M-310 formu
lations. 

Table 19 summarizes the 
effort to increase the pot 
life of Y-12H by reacting 
the Versamids 'with acry

lonitrile. Four batches of thP. VP.rsrimids were mixed in the same ratio as in Y-12H (354 ~ms 
V-125 per 530 gms V-140), and portions of 2, 5, 10, and 20 phli acrylonitrile were added. 
Stearic acid (32 gms) was added in the normal manner to 884 grams of each 
acrylonitrile/Versamid adduct to form the modified Y-12H curing agent. None of the 
Y-12H/acrylonitrile foams were fully cured in 24 hours; Batch A27 took as long as four 
days to cure. Each formulation gave a stable foam and only Batch A30 did not improve on 
the spread life of Y-12H. Batch A29 had the best overall properties of the four foams and 
would be the formulation· of choice as long as the extended cure time was acceptable. 

Optimizing the Amount of Stearic Acid in Y-12H Foams-· Another means of improving the 
pot life of Y-12H foams used at 20° C was to lower the viscosity of the curing agent by 
reducing the amount of stearic acid. To test this assumption, the whipping method and 
density, pot life, and spreadability evaluatfons were determined as before. Formulations 
containing 0.17 to 1.8 percent stearic acid were evaluated (Table 20). The optimum Y-12H 
formulation was that mixture which gave the best physical properties (density, pot life, and 



Table 18 

Y-12H FOAM DATA 

Total Maxim!lm Time for 

Room Whip Time at Number Whip Bulk Initial· Spread Bulk Foam 

Batch Temperatu~e Speedl21(min) of Rate Density Temperature Time to Reach 450 C 
Numberl11 1° Cl 1 2 3 Strokesl31 (strokes/min) (gm/cc) 1°c1 (min) (min) 

67H 24 0.5 3 1,580 451 0.309 
A2 20 0.5 7 2,110 281 0.308 20-22 20 
A4 20 0.5 3 1,580 451 0.340 23-25 22 
A5 20 0.5 2,5 1,330 443 0.343 25-30 25 

A6 19.5 0.5 6 1,820 280 0.325 25-28 25 
A7 20 0.5 5 1,530 278 0.350 30-35 31 
A11 . 20 17 2,720 160 0.310 31 
A12 20 7 5 2,570 214 0.310 34.5 
A24 21 7 3,500 500 0.308 42 

(1) Y-12H foam is prepared as follows: 884 grams of Epon 828 is cured with a mixture of 354 grams Versamid 125, 530 grams Versamid 140, and 32 grams stearic 
acid. 

(2) Hobart C-100 mixer. 
(3) Based on the number of revolutions of the wire whip: Speed 1, 160 strokes/min; Speed 2, 290 strokes/min; Speed 3, 500 strokes/min. 

·Table 19 

Y-12H/ACRYLONITRILE FOAMS 

Maximum 
Epon Versa mid Versamid Stearic Bulk Initial Spread Cure 

Batch 828 125 140 Acrylonitrile Acid Density Temperature Time Time 
Numberl11 (gms) (gms) (gms) (gms) (gms) (gm/cc) 1°c1 (min) (days) 

A27 884 283 425 176 32 0.303 34.5 > 30 -4 
A28 884 313 477 88.4 32 0.290 33 > 30 3-4 
A29 884 336 504 44.2 32 0.315 33 30 -35 1 • 2 
A30 884 346.5 520 17.7 32 0.323 33 23. 25 1 • 2 

(1 I These foams were whipped at 20° C in the Hobart C-100 mixer for five minutes at Speed 1 and five minutes at Speed 
2. . 
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spreadability) without sacrificing foam 
stability. Figure 25 shows the heating curves 
for some of the Y-12H formulations . 

Considering pot life, spreadability, and ease 
of whipping, Formulation IV 35 containing 
0.33 weight percent stearic acid was the 
most successful of the Y-12H foams. 
Formulations containing slightly more or 
less than this amount of stearic acid had 
insignificantly different pot lives, but did 
not spread as well as the Y-12H/0.33% SA. 
formulation. Formulation IV 35 was easily 
whipped to a density of 0.308 gm/cc, and 
the bulk foam was found to have a pot life 
of approximately 30 minutes. These values 
were significantly better than normal Y-12H 

(which contains 1.8% stearic acid) and M-302 which have pot lives of only 20 and 23 - 25 
minutes, respectively, when whipped to a density of 0.310 gm/cc. 

Effect of the stearic acid concentration on the average cell size of the Y-12 H formu
lations is emphasized in Figure 26. Cell sizes were obtained by a Zeiss particle-size analysis 
of the photomicrographs of the foam samples spread with a Gardner knife. As expected, 
the data indicate an increase in cell si:z;e; hence, a decrease in stability with decreasing 

Table 20 

Y-12H/STEARIC ACID FOAM FORMULATIONS 

Epon Versamid Versamid · Pot 
828 140 125 Stearic Acid Density(2) Life(3) 

Formulation (1) (gms) (gms) (gmsi Grams Percent (gm/cc) (min) 

IV 32 884 530 354 32 1B 0.310 20 
IV 7 900 539 3b!:I 18 1.0 0.313 24-20 
IV 31 900 535 356 9 0.5 0.315 25-30 
IV43 900 536 357 7 0.38 0.299 25-30 
IV 35 900 537 357 6 0.33 0.308 25 -30 
IV44 900 537 358 5 0.28 0.317 25 -30 
IV 36 900 538 359 3 0.17 0.310 25 -30 

(1) Each formulation w.as whipped in a Hobart C-100 mixer for five minutes at low speed and four to seven minutes at 
medium speed to obtain the final density. 

(2) Determined in cardboard containers having a volume of approximately 300 cc. 
(3) As determined by spreading with a Gardner knife. 

concentrations of stearic acid. Although this relationship exists, the stabilities of all the 
Y-12H formulations were adequate. The straight-line relationship seen in Figure 26 is 
probably more illustr~tive than technically correct. As the amount of stearic acid 
approaches zero, the average cell size should increase dramatically. 
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Y-12HA Foams 

Type Y-12HA foam represents the most 
successful and most highly characterized 
of the Epon 828/Versamid foams. The 
basic formulation, designated Y-12 HA, 
consists of Epon 828 (900 gms), Versamid 
140 (667 gms), Versamid 125 (222 gms), 
and stearic acid ( 11 gms, 0.61 wt %) . 
Formulations having different concentra
tions of stearic acid are designated 
Y-12HA/X% SA as was done for the 
various Y-12H formulations. The 
.recommended method to formulate 
Y-1 :iHA foam is described in Appendix B. 

An experiment with a TEPA-dimer acid 
salt · (TEPDAS)-stabilized Versamid 140 
foam again indicated the in'fluence of 
viscosity in epoxy foam stability in the 20 
to 240 C range. In the experiment, Epon . 
828, Versamid 140, and TEPDAS were 
whipped to a density of 0.30 gm/cc and 
spread to · 35-mil films in a room 
maintained at 210 C. After two hours, 
some cell coalescence was noted, but the 
foam stability was generally good. At that 
time the foam samples were removed to a 
room at a temperature of 240 C where 
rapid cell coalescence occurred within ten 
minutes. Apparently, the change in 
temperature from 21 to 240 C reduced 
the bubble viscosity sufficiently to cause 
poor foam stability. 

It was felt that if foam destabilization 
occurs on increasing the temperature from 
21 to 240 C, the reverse might also be 
true and that Y-12H might be more stable 
than necessary at 21oc. If such is the 
case, both the viscosity and foam stability 
of the Y-12H curing agent could be 
adjusted to be the same at 210 C as they 
were at 240 C. Table 21 lists the 
Brookfield viscosities of the Versamids 
and the calculated viscosities of the Y-12H 
curing agent (without stearic acid) at the 
two temperatures. Thus, it is indicated 
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that a mixture of 75 percent Versamid 140 
and 25 percent Versamid 125 would give 
the same viscosity at 21 o C (23,000 cPs) as 
the Y-12H curing agent without stearic acid 
(60% Versamid 140 and 40% Versamid 125) 
at 240 C. A 75 to 25 percent mixture of the 
Versamids was mixed with 3 phr stearic acid 
in the usual manner, and 900 grams of this 
mixture were whipped at 210 C with 900 
grams of Epon 828. The resultant foam 
(Y-12HA/1.4% SA) had a density of 0.310 
gm/cc and a pot life of 25 to 28 minutes. 
The foam stability seemed to approximate 
that of Y-12H at 24°C, and was 
significantly better than M-302, another of 
the M-300 series of formulations. 

Optimizing the Amount of Stearic Acid in 
Y-12HA Fpams-While Y-12HA/1.4% SA 

41 

Table 21 

COMPARISON OF BROOKFIELD VISCOSITY OF 
VERSAMID 125 AND VERSAMID 140 

AT 24 AND 21° C 

Formulation 

Versamid 125(1 I 
Versamid.140(2) 

60% Versamid 140-
40% Versamid 125(3) 

75% Versamid 140--
25% Versamid 125(5) 

(1) Lot OHB 548. 
(2) Lot

0

0HB 542. 

Viscosity (cPs) 
at 24° C at 21° C 

43,200 

9,560 

23,ooo!41 

56,700 

12,000 

29,900(4) 

23,00014) 

(3) Same weight ratio as in the Y-12H curing agent. 
(4) Calculated. 
(5) Calculated ratio of Versamids to give the same 

viscosity at 21° C as the Y-12H Versamids at 24° C. 

was a definite improvement over Y-12HA, it was only· marginally better than the specified 
0.275 to 0.325 gm/cc density and 25-minute pot life. It was felt that reducing the amount 
of stearic acid would be a desirable method of optimizing the pot life as long as the foam 
stability was not jeopardized. As seen in Figure 27 (comparing the thermal histories of 
Y-12_H and Y-12HA/1.4% SA), a lower-viscosity curing agent (Y-12HA/1.4% SA) would 
enable the components to be whipped to the final density with less heat buildup. 
Diminishing the heat buildup on whipping would delay the exotherm of the bulk foam, thus 
lengthening the pot life. 

Several concentrations of stearic acid were examined for the ·optimum effect; the 
composition of each formulation is listed in Table 22. Stearic acid was mixed with the 
Versa mids as before. The components were whipped at a temperature of 20 to 21 o C with a 
Hobart C-100 mixer at low speed for five minutes and at ·medium speed until the desired 
density was obtained (3 to 4 minutes for a density of 0.310 gm/cc). The densities and pot 
livP.s i/Vere determined as previously and are listed in Table 22. 

Heating curves were also obtained for each foamed formulation. Some of these curves are 
presented in Figure 28. Since the amount of time for the bulk foam to reach 45° C is 
usually a good measure of the pot life, comparisons ·of these curves give a good indication of 
the effect of stearic acid concentrations on pot life. Accordingly, the two highest 
concentrations of stearic acid gave the shortest pot lives (less than 30 minutes), although 
there was very little difference in pot life for the formulations containing one percent or less 
stearic acid. Based on the heating curves and the spread times determined with the Gardner 
knife, the pot lives of the latter formulations were weii beyond 30 minutes. 

Visual examination of cured 35-mil films of the foams indicated that the foam stability of 
each formulation was adequate. Photomicrographs of some of the foams are presented in 
Figure 29. Average cell diameters were obtained from the photomicrographs by .the Zeiss 
particle-size technique. As can be seen in Figure 30, there was a slight decrease in the 
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average cell size with 
increasing concentrations of 
stearic acid. Although there 
was some scatter in the data, 
the results are as might be 
expected, based on these 
studies of stearic acid 
stabilization of epoxy-poly
amide foams. 

The formulation containing 
0.61 weight percent stearic 
acid seemed to have the best 
overall properties of the 
Y-12HA/stearic acid formu-

. lations studied and, here
after,· will be designated 
simply as Y-12HA. Formula
tions containing more or less 
than 0.61 percent stearic 
acid did not spread as wel I as 
Y-12HA. When whipped to a 
density of 0.307 glT!/cc, 
Y-12HA (Formulation IV 
45) had a pot life of 35 to 
40 minutes. This time was 
significantly longer than that 

of M-302, which was determined by equivalent techniques to have a pot life of 23 minutes 
when whipped to a density ·of 0.307 gm/cc. Photomicrographs of the cured spread samples 

Table 22 

Y-12HA/STEARIC ACID FOAM FORMULATIONS 

Epon Versamid Versamid Pot 
828 140 125 Stearic Acid Density121 Lifel31 

Formulation I 1 I (gms) (gms) l11ms) Grams Percent (gm/cc) (mini 

IV 16 900 656 218 26 1.4 0.310 25-30 
IV 37 900 658 220 22 1.2 0.310 25-30 
IV 26 900 662 220 18 1.0 0.312 > 30 
IV 39 900 663 221 15 0.83 0.310 > 30 
IV 41 900 664 221 14 . 0.78 0.312 > 30 
IV 38 ·goo 667 222 11 0.61 0.312 > 30 
IV45 900 667 222 11 0.61 0.307 3.5 -40 
IV 25 900 668 223 9 0.5 0.310 > 30 
IV42 900 668 223 9 0.5 0.313 . >30 
IV 30 900 670.5 223.5 6 0.33 0.303 > 30 
IV 29 900 673 224 3 0.167 0.312 >30 

(1) Each formulation was whipped in a Hobart C-100 mixer for five minutes at low speed and three to four minutes at 
medium speed to the final density. 

(2) Determined in cardboard cups having a volume of approximately 300 cc. 
(3) As determined by spreading with a Gardner knife. 



of Y-12HA and M-302 are compared in 
Figure 31. Y-12HA developed handling 
strength in less than 24 hours, and had an 
average tensile strength of 741 psi after a 
one-week cure. This strength compared 
favorably with a tensile strength of 670 
psi of similarly cured M-302. The pot life, 
density, and tensile-strength data of 
Y-12HA are compared with other 
formulations in Table 23 and Figures 32 
and 33. 

Certifying Y-12HA with Variations in the 
Properties of the Versamids and Epon 
828 - Optimizing the Y-12HA formulation 
precluded any variation in the viscosity of 
the individual liquid components. That is, 
the same lots of Epon 828, Versamid 140, 
and Versamid 125 were used throughout 
the study. In reality, changes in viscosity 
and, therefore, changes in foam properties 
are expected if different lots of the 
commercial materials are used in the 
formulation. To what extent the foam 
properties change with changes in lot 
designation would be useful information. 
This information would establish the 
range of viscosities (or other physical 
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Figure 28. HEATING CURVES FOR VARIOUS Y-12HA/ 
STEARIC ACID FOAM FORMULATIONS. 

properties) each of the components could have and still yield an acceptable Y-12HA foam. 

Table 24 lists 1'.he viscosities and amine values of various lots of Versamid 140 and Versamid 
125. The viscosities at various temperatures were determined with a Brookfield RVT 

Table 23 

COMPARISON OF THE PHYSICAL PROPERTIES 
OF FORMULATIONS Y-12H, Y-12HA, 

AND M-302 

Formulation 

Y-12H 
Y-12HA 
M-302 

Density 
(gm/cc) 

0.310 
u.:.m1 
0.307 

Pot 

Life 
(min) 

20 
35 - 40 

23 

Average 

Tensile 
Strength 

(psi) 

613 
741 
670 

viscometer and plotted, as given in Figure 
34. The viscosities in Table 24 are of the 
materials at 20.50 C, sim;e Llie~e repre5ent 
the viscosities of the Y-12HA components 
prior to whipping. The values ranged from 
13,250 to 22,500 cPs for Versamid 140 
and 46,000 to 61,000 cPs for Versnmid 
125. 

Combinations of the Versamids in the 
same weight ratio (75% Versamid 
140/25% Versamid 125) as in the Y-12HA 
curing agent gave viscosities (at 20.50 C) 

as high as 32, 100 cPs and as low as 21,400 cPs. (These values are listed in Table 25.) The 
mixed Versamids were combined with stearic acid in the usual manner to form the Y-12HA 
curing agent (667 grams Versamid 140, 222 grams Versamid 125, and 11 grams stearic acid). 



Figure 29. PHOTOP.11CROGRAPHS OF V-12HA/STEARIC ACID FO~MS . (10XI 



At approximately 20.50 C, each curing 
agent was whipped with 900 grams of Epon 
828 using a Hobart C-100 mixer. Each 
formulation was mixed for five minutes at 
the low speed and then for the time at 
medium speed (usually 3 - 4 minutes) 
needed to attain a density in the range from 
0.297 to 0.303 gm/cc. Densities and pot 
lives were determined as described 
previously. Spreading samples of the foams 
into 35-mil films with a Gardner knife gave 
a rough estimate of the pot life within five 
minutes. The actual pot life of a 
formulation was taken to be that time at 
which the bulk foam reached a temperature 
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Figure 30. AVERAGE CELL SIZE AS A FUNCTION OF 
THE PERCENT STEARIC ACID IN Y-12HA/STEARIC 
ACID FOAMS. 

of 45° C, since this temperature was shown in the previous sections to be closely related to 
the spreadability life. 

Formulation IV 63, in Table 25, which was from the most viscous combination of 
Versamids, was the only formulation having an unacceptable pot life (less than 25 minutes). 
It needed seven minutes of whipping at the medium speed to reach a density of 0.303 
gm/cc. This extra whipping caused the foam to have a higher initial temperature (350 C) 
and, thus, an unacceptably short pot life. 

As revealed by Table 25 and Figure 35, the pot lives of the remaining formulations were 
acceptable, ranging from 30 to 45 minutes. Figure 35 also indicates that combinations of 
Versamid 140 and Versamid 125 (75 - 25% by weight) will yield Y-12HA foams with 

Figura 31. PHOTOMICROGRAPHS OF FORMULATIOlllS Y-12HA AND M-302. (10XI 
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acceptable pot lives as long as the 
viscosity of the mixture (prior to the 
addition of stearic acid) is less than about 
31,000 cPs at 20.50 C. The figure also 
indicates that the maximum pot life 
expected for Y-12HA is approximately 45 
minutes, even with combinations of the 
Versamids having viscosities less than 
20,000 cPs. 
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Figure 32. HEATING CURVES FOR FORMULATIONS 
V-12H, V-12HA, AND M-302. 

The average eel I sizes of the foams were 
determined by the Zeiss particle-size 
technique and indicated good foam 
stability in each case. The determinations 
were made from photomicrographs (10X) 
of the foam samples spread with the 
Gardner knife at 25 minutes after mixing. 

The results are presented graphically in Figure 36. The plot indicates, as expected, an 
increasing eel I size with decreasing viscosity of the Versamid 140/Versamid 125 mixture. 

The amine value and viscosity data for Versamid 140 
in Table 24 are plotted in Figure 37 and indicate 
some correlation between the amine value and 
viscosity. In fact, as noted in Figure 38, amine values 
may be substituted for viscosities in Figure 35 
without affecting the interpretation (a minimum 
amine value of 356 is indicated for successful 
foams). Moreover, the reason for the correlation will 
be informCltive in interpreting the stability and 
pot-life data, and is important to the 
characterization and, hence, the quality control of 
the Versamids. 

The discussion here will be limited to two possible 
reasons for the amine value-viscosity correlation of 
the Versamids. The first reason is based on the 
distribution of Versamid-type molecules; the second 
is based on the presence of free polyamine in the 
Versamid. 

A representation of the molecular structure of the 
Versamids vvas presented earlier and was based on an 
amide formed by the reaction of dimer acid and any 
of the homologous series of diethylene triamines 
[NH2(CH2CH2NH)xCH2CH2NH2], eg: 
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In a broader sense it can be imagined that a series 
of possible amides with a wide molecular weight 
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Table 24 

VISCOSITIES 
0

AND AMINE VALUES OF 
VERSAMID 140 AND VERSAMID 125 

Lot Viscosity12) 
Numberl1l (cPs) 

Versamid 140 

OHB610 22,500 
OJB582 19,000 
OFB548 17,500 

(4) ·15,200 
OHB542. 14,400 
9EF603 13,250 
9MB585 17,000 

Versamid 125 

OHB584 61,000 
1CB518 46,000 
ONB321 59,000 
OFB555 55,000 

. (1) General Mills designation. 
121 At 20.5° c. 

Amine 
Valuel3) 

362 
372 
375 
381 
376 
394 
378 

330 
349 
341 
352 

(3) Definit_i.on: Number of mgs of KOH e_quiva
lent to the amine content of one gram of 
material. 

(4) No lot number available. ·Repackaged by 
Adheron Corporation. 

30 32 34 
Temperature. (O C) 

Figure 3.4. VISCOSITY AS A FUNCTION OF THE TEMPERATURE FOR 
SELECTED LOTS OF VERSAMID 125 AND VERSAMIU 140. 
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Table 25 

VISCOSITIES OF COMBINATIONS OF VARIOUS LOTS OF 
VERSAMID 140, VERSAMID 125, AND RESULTANT 

Y-12HA FOAM PROPERTIES 

Formulation 

IV63 
IV 53 
IV64 
IV45 
IV 52 
IV 92 
IV93 
IV 78 
IV 88 

(1) At 20.5° C. 

Lot Number 
Versamid 140 Versamid 125 

OHB610 OHB5B4 
OJB582 OHB584· 
OJB582 1CB518 

(4) OHB5B4 
(4) 1C6518 

OHB542 OHB5B4 , 
OHB542 1CB518 
9EF603 OHB5B4 
9EF603 1CB518 

(2) Determined in 300..:c cardboard containers. 
(3) Time required for bulk foam to reach. 45° C. 

Viscosityl1 I Density12) Pot Lifel3) 
(cPs) (gm/cc) (min) 

32,100 0.303 20.0 
29,500 0.299 32.5 
25,750 0.302 39.0 
26,600 0.303 39.0 
22,900 0.302 42.5 
26,000 0.297 37.0 
22,300 0.302 45.0 
25,200 0.303 43.0 
21,400 0.302 41.0 

(4) No lot number available; repackaged by Adheron Corporation. 
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Increasing the concentration of the 
higher-molecular-weight species would 

decrease the amine value of the Versamid and increase the viscosity. However, attempts to 
determine the molecular size distribution of the Versamids by gel permeation. 
chromatography (GPC) were unsuccessful. Apparently, the chemical nature of the 
Versamids is not suitable for study by GPC as these materials and amines, in general, are not 
eluted from the chromatograph column. Other common chromatographic techniques 
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(column and thin layer) .have not 
yielded any useful information on 
the distribution . 

In spite of the uncertainty in the 
distribution of oligomeric Versamids, 
there is, in fact, a significant amount 
of fr~e polyamine in the. Versamids 
and there is_ a definite relationship 

. between the . amount of free 
polyamine present and the viscosity 
of the sample. Distillation of a 
sample of Versamid 140 yielded a 
low-viscosity, amber-colored liquid 
whose NM R spectrum (Figure 39) 
was virtually indistinguishable from· 
those of TEPA (Figure 40) and 
TETA (Figure 41 ). Examination of 
the subtle differences in the spectra 
indicate perhaps a closer resemblance 
to TEPA, although a mixture of the 
two amines is not ruled out. 

Figure 37. VISCOSITY/AMINE·VALUE RELATIONSHIP FOR 
VERSAMID 140. An accurate determination of the 

· weight percent free· polyamine· was · 
obtained by thermogravimetric analysis (TGA). Figure. 42 presents a scan of one of the lots 
of Versamid 140. The decrease in. the amount of polyamine is clearly indicated by 
comparing the. NM R spectra of Versa mid 140 and the residue from. the TGA experiment 
(Figure 43). Table 26 lists the data obtained . by the analyses a11d Figure 44 shows, 
graphically, the relationship between 
viscosity and amount of free 
polyamine in four lots of Versamid · 
140. Sufficient polyamine (TEPA) · 
was added to a sample of Versamid. 
140 (Lot OJB582) to bring the total 

·free polyam ine to 18.6 percent; and, 
accordingly, .the viscosity changed 
from 19,000 cPs to approximately 
13,250 cPs, the same as that for Lot 
9EF603. This simili:tr iLy indicates 
that if the viscosity of a particular 
combination of Versamlds chosen rur · 
use in Y-12HA was too high, free 
polyamine could be. added to lower 
the viscosity and ensure satisfactory 
foam properties. 

The presence of such . high 
concentrations ( 17 .5 to 18.6 wt %) 
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of polyamine probably accounts for the low 
foam stability of Versamid 140 foams. Since 
TEPA and TETA have lower molecular 
weights and, hence, are more mobile species 
than the "Versamid" molecules; they can, 
according to theory, concentrate in the cell 
walls of the foam where, due to their low 
viscosity, they cause rapid drainage of the 
thin films and thus destabilization of the 
foam. 

·The presence of free polyamine also suggests 
the mech.anism for foam stabiiizing in the 
Y-12HA foams. The addition of stearic acid 

Figure 42. THERMAL GRAVIMETRIC ANALYSIS OF produces a certain amount o .. f polyamine- . 
VERSAMID 140. (Lot OJB-582) 
. . stearic acid salt [eg, CH3(CH2)15COi, 
+NH3(CH2CH2NH)xCH2CH2NH2] (it also produces a Versamid-stearic acid salt) which, 
besides increasing the overall viscosity of the curing agent, represents a somewhat mobile 
molecule which can function as a foam stabilizer in the classical sense. Thus, by 
concentrating in the cell wall, the film viscosity is increased 
and excess drainage prevented. 

Studying the effects of any variation in viscosity of Epon 828 
on the foam properties ·of Y-12HA also is important in 
establishing the reliability of Y-12HA. Samples of ,only one 
lot of .Epori 828 were . used and,. therefore, no: lot-to-lot . 
variation of Epon 828. viscosity was studied. However, it was 
possible to .synthetically vary the viscosity by making 

. combinations of Epon 828 with lower-viscosity ( Epon 826) 
and higher-viscosity (Epon 834) epoxy resins. Previous GPC 
studies,(16) and the data given in Appendix A an9 Figures 45 
through 47, indicate that visc:osity di.fferences in Epon 826, 
828, and 834 and most DGEB/\ resins can be attrih11tP.ci 
mainly to differences in the relative amounts of the oligomers 
of the diglycidyi ether of bisphenol-A (DGEBA); ie: 

Table 26 

WEIGHT PERCENT FREE.POLY
AMINE IN VARIOUS LOTS 

OF VERSAMID 140 

Lot Number 

9EF'603 
OHB542 
9MB585 
OJB582 

Free Aminel1 I 
(%) 

18.6 
1~.4 
17.9 
17.5 

(1 I Determined by thermogravi
·metric analysis. 

where n = 0 for DG EBA and n = 1,2,3, ... for the oligomers. Larger amounts of oligomers (as 
in Epon 834) cause the resin to have a high viscosity. The viscosities of Epon 826 and .828 at 
20.5° C were determined to be 16,000 and 32,000 cPs, respectively. Epon 834 is virtually a 
solid at 20.50 C. · 

The various combinations of Epon 828 with Epon 826 a~1u Epon 834 (Table 27) were made 
to yield epoxies with viscosities, at 20.50 C, ranging from 20,000 to 42,000 cPs. Each of the 

'"'-. 

( 
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18.6 

18:4 

~ 

mixtures were used in place of Epon 828 in 
the Y-12HA adhesive foam formulations. The 
foams were whipped,. and the densities and 
pot lives determined, as described previously. 

l 18.2 

The curing agent used with each formulation 
was made from a medium viscosity 
combination (26,000 cPs) of Versamids 
(V-125, OHB584; V-140, OHB542), which 
was shown previously to yield a pot life of 
approximately 37 minutes when whipped 
with Epon · 828 to a density of 0.297 gm/cc. 
The pot lives for the formulations are 
reported in Table 27 and were in the range of 
30 to 35 minutes. 

., 
c: 

"i§ 

~ 18.0 
0 
"., 
!!! 

u.. 
17.8 

17.6 

• The stabilities for the foams from the Epon 
828/834. mixtures were not significantly 17 .4'-----"----L----''-----'--.L.J . 

10 12 14 16 18 20 different than "normal" (Formulation IV 92). 
Viscosity (cP x 10-

3
} However, the stabiliti,es of the foams from the 

Figure 44. WEIGHT PERCENT FREE POL VAMINE 
AS A FUNCTION OF THE VISCOSITY OF 
VERSAMID 140. 

Epon 828/826 mixtures (V. 2 to V 5) were 
unacceptably poor. 

These data indicate that if random lots of Epon 828 were chosen for use in Y-12HA, only a 
small negative variation in the viscosity of Epon 828 from a nominal value of 32,500 cPs can 
be tolerated. However, if an unsatisfactory negative viscosity variation in· Epon 828 were 
encountered in practice, sufficient Epon 834 could be added to bring the viscosity within 
satisfactory limits. An upper viscosity limit was not established, but this value is at least 
43,000 cPs, which is already a higher viscosity than might be expected from lot variation. 
alone. 
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Figure 45. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF EPON 826. 
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Figure 46. GEL PERMEATION. CHROMATOGRAPHIC 
SCAN OF EPON 828. 
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Physical Properties 

Adhesive Bond Strengths - Adhesive bond 
strengths of the formulations were 
determined between aluminum butt-tensile 
specimens. The specimens were a slight 
modification of the ASTM design. Nominal 
35-mil bondlines were used, and the foam 
bonds were allowed to cure seven days 
before testing. All bonds failed cohesively, 
indicating good adhesive strengths in each 
formulation. A typical tested adhesive bond 
is shown in Figure 48. Unless otherw'ise 
noted, the reported strengths are the 
average 9f five samples. 

Figure 47. GEL PERMEATION CHROMATOGRAPHIC Table 28 lists the strengths of some of the 
SCANOFEPON834. formulations in this report. The Y-12H and 

Y-12HA formulations are on the same order 
of bond strengths as the M-300 series formulations. Table 28 compares the sensitivity of the 
bond strengths to the amount of stearic acid present. The formulations having the higher 
amounts of stearic acid had the lower bond strengths, possibly due to a plasticizing effect of 
the stearic acid. 

Table 27 

DATA OF Y-12HA FOAMS MADE WITH EPOXY RESINS 
OF VARYING VISCOSITY 

Epoxy Content(1) (wt%) Epoxy Bulk-Foam 
Epon Epon Epon Viscosity (2) Density(3) Pot Life(4) Foam 
828 826 834 (cPs) (gm/cc) (min) Stability 

30 70 21,000 0.287 30 Poor 
50 50 24,000 0.293 34 Poor 
75 25 28,500 0.300 35 Poor 
90 10 31,000 0.297 33 Fair 

100 32,500 0.297 37 Good 
99 35,000 0.297 30 Good 
98 2 38,000 0.299 33 Good 
96 4 43,000 0.302 33 Good 

(1) Y-12HA Formulation: 900 gms epoxy resin and 900 gms curing agent (667 gms Versamid 140, Lot OHB542; 22igms 
Versamid 12b, OHB584; 11 gms stearic acid). 

(2) At 20.5° C. 
(3) The formulations were whipped in a Hobart C-100 mixer for five minutes at low speed and three to four minutes at 

medium speed. Densities of the fully whipped foam were obtained in 300-<:c paper cups. 
(4) The time for the bulk foam to reach a temperature of 45° C. 

Glass Transition Temperatures - Cured epoxies are typically in the glassy state where 
large-scale molecular motion does not take place. Instead, atoms and small groups of atoms 
move against the local restraints of secondary bond forces such as in the rotation of methyl 
groups. Glass transition corresponds to the onset of liquid-like motion of much longer 
segments of molecules, and would represent, physically, a change from the glassy state to 
Lhe rubbery state. 
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NM R measurements of the T g take 
advantage of the fact that a narrowing of 
the resonance peak is typical at phase 
transitions.(1) In the pulsed NMR 
technique, the spin-spin relaxation time, T 21 

which is related to peak width at half the 
maximum intensity, v1 ;2, by the expression~ 

v112 = 1hrT2,( 17 l (B) 

is measured as a function of temperature. 
As indicated in Figure 49, a change in the 
slope of the T 2-versus-temperatu re curve 
occurs at T g· 

Tg values of the Y-12H foams (Table 29; 
E:pon 828, 50%; Versamid 125, 20%; 

145326 
Figure 48. TESTED FOAMED ADHESIVE TENSILE 
SPECIMENS. 

Versam id 140, 30%; plus stearic acid in varying concentrations) indicated a dependence on 
the amount of stearic acid. As shown in Table 29, Y-12H foams containing 1.8, 0.50, 0.33, 
and 0.17 percent stearic acid had Tg values of 76, 81, 84, and 870 C, respectively. Figure 50 

graphically shows the variation in T 2 with 
Table 2a the amount of stearic acid. A decrease in 

COMPARISON OF PHYSICAL PROPERTIES OF Y-12H, 
Y-12HA, AND M-300 FORMULATIONS 

Average 
Pot Tensile 

Density Life Strength 
Formulation (gm/cc) (min) (psi) 

Y -12H 0.310 ?O 613 
Y-12HA 0.307 35-40 741 
M-302 0.307 23 670 
M-309 0.300 > 25 700 
M-309/4.2% SA 0.310 5 298 

Tg with an increase in stearic acid 
concentration indicates that stearic acid 
acts somewhat as a plasticizer in the 
Y-12H foams. 

For the Y-12HA foams (Epon 828, 50%, 
and 50% of a combination of Versamid 
125 and Versamid 140 in a 1 to 3 ratio 
plus varying concentrations of stearic 
acid), the data indicate no dependence of 
T9 on the stearic acid concentration. As 
noted in Table 30, Y-12HA foams 

containing 1.0, 0.61, and 0.17 percent stearic acid had Tg temperatures of 85, 85, and 
840 C, respectively. 

The foam samples had aged for 8 to 12 months at ordinary laboratory ambient conditions. 
Since maximum cure is generally attained in approximately 30 days with epoxy/polyamide 
curing agent systems, there was no variation in the samples due to differences in the cured 
state. Sensitivity of the T g of the Y-12H foams to stearic acid is for an unknown reason due 
to the higher ratio of Versamid 125. 

TALL OIL AMIDOPOLYAMINE FOAMS 

Tall oil amidopolyamine curing agents represent a possible alternative to the Versamids in 
epoxy-foam systems, although they have not been as thoroughly characterized. They are 
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made by the reaction of polyamines with 
purified tall oil. (11) The viscosity of the tall 
oil generally d_etermines the viscosity of the 
subsequent amidopolyamine . 

A sample of distilled tall oil (Emtall 4139) 
was analyzed by preparative GPC and NMR 

: methods and found to contain approximately 
40 percent abietic acid: 

Abietic Acid 

and 60 percent linoleic acid. The data are 
presented ·in Figures 51 through 53. 

Emtall4139 was reacted with TEPA to form 
the TEPA-tall oil amide (TEPTOA) by heating 
(to 190 - 2200 C) approximately equimolar 
amounts (296 gms tall oil and 189 gms TEPA) 
of the two reactants and collecting the 
evolved water. The viscosity of the amide was 
determined to be 6,740 cPs at 24.80 C and 
had an amine value of approximately 480. 

A mixture of 41.1 gms of TEPTOA and 78.9 
gms of Epon 828 was whipped, but no foam 
was produced. Whipping even for 10 minutes 
at high speed gave a density ur only 0.95 Figure 50. DEPENDENCE OF f g ON THE Wi:iGHT 

PERCENT OF STEARIC ACID IN Y-12H.FOAMS. 
gms/r.c. However, the addition of JEPA-tall 

oil salt (TEPTOS) and further whipping gave 
lower densities·.and stable foams. This result again 
points out the Importance of fatty acid-amine 
salts to the stabilization of epoxy/amide-amine 

Table 29 

GLASS TRANSITION TEMPERATURES OF 
·Y-12H FOAMS WITH VARYING 

CONCENTRATIONS OF 
STEARIC ACID 

Sample Stearic Acid Tg 
Number (wt%) (OC) 

IV 32-10 1.80 76• 
IV31-15 0.50 81 
IV 35-20 0.33 84 
IV 36-20 0.17 . 87 

foams. 

The TEPTOS was prepared by mixing equimolar 
amounts of TEPA and tall oil. The TEPA was 
added dropwise to the taU/ oil with stirring. The 
temperature was kept at 55 to 60° C for two 
reason~: (1) to maintain a viscosity that was low 
enough for stirring, and (2) to prevent amidization. 
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Whipping 60 grams each of TEPTOS and Epon 
828 gave a satisfactory foam. Blending the 
ingredients for one minute at low speed and 
mixing for seven minutes at high speed gave a 
density of 0.286 gm/cc, but a fairly short pot life. 
Using larger batches ("' 1,800 gms) would give 
satisfactory TEPTOS foams with improved pot 
lives. The optimum foam of this type apparently 
would' consist of approximately 50 percent Epon 
828, 40 percent TEPTOS~ and 10 percent 
TEPTOA, although the best proportion of 

Table 30 

GLASS TRANSITION TEMPERATURES OF 
Y-12HA FOAMS WITH VARYING 

Sample 
Number 

IV 26-10 
IV 64-40 
IV 29-10 

CONCENTRATIONS OF 
STEARIC ACID 

Stearic Acid 
(wt%) 

1.00 
0.61 
0.17 

85 
85 
84 

ingredients has not been adequately determined. In fact, a large number of 
TEPTOS/TEPTOA ratios may be desirable, depending on ·the needed foam properties. 

36.2 
36 

37..5 

38 

34 32 

Figure 51. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF EMTALL 4139 DISTILLED TALL 01 L. 

An NMR method was used to establish the 
concentration value of. TEPTOS in various 
samples of TEPTOA. When the amide is 
prepared by heating the salt, the amount of 
salt remaining decreases as a function of 
the reaction time, and the NM R method 
provides a reliable method for determining 
the exact concentration of TEPTOS 
present. This method depends on the fact 
that, with standardized solution .concentra
tion and temperature, the chemical shift of 
the amine protons is a function of the 
salt-amide ratio. For the TEPTOS/ 
TEPTOA syst~m. a concentration of 
approximately 0.43 gm of salt-amide 
sample per milliliter of perchloroethylene 
was used and the spectra were taken at 
approximately 600 C. A working curve was 

generated (Figure 54) using known TEPTOS/TEPTOA ratios. This curve indicated that the 
chemical shift varies from approximately 270 cPs for .100 percent TEPTOA to 430 cPs for 
100 percent TEPTOS. Samples o·f TEPTOA containing unknown concentrations of salt were 
readily analyzed by this method. 

Dl!\'IER ACID A~IDOPOLYAMINE FOAMS OTHER THAN THE VERSAMIDS 

Commercial dimer acid amidopolyamines other than the Versamids were not investigated. 
Depending on the availability of these materials and their physical properties, there is no 
reason to believe that dimer acid amidopolyamines other than the Versamids would not be 
successful in the type of epoxy foams discussed in this report. The most important physical 
property criteria which determine the useability of these curing agents in epoxy foams are 

· the viscosities, amine values, amount of free polyamine, and the interplay of these three 
variables. Other commercial materials which approximate the Versamids in the three 
variables would be expected to be suitable substitutes for the Versamids in the Y-12H and 
Y-12HA formulations. However, physical and chemical differences should be expected in 
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other amidopolyamines, and their use in 
Y-12H and Y-12HA could cause drastic 
changes in the physical properties of those 
foams. Nevertheless, all dimer acid 
amidopolyamines, or any of the 
amidopolyamines for that matter, should 
be amenable to formulation into epoxy 
foams provided the method of 
formulation parallels that with the 
Versamids in this report. Thus, 
amidopolyamines whipped with epoxies 
could be optimized in the amount of 
curing agent, its amine value and viscosity, 
and its subsequent effect on foam 
properties by . a combination of 
amidopolyamines of varying viscosities, or 
by ·the addition or removal of free 
polyamine, and/or by the addition of 
stearic acid. • 

410 
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$ 
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Figure 54. CHEMICAL SHIFT OF THE AMINE PROTONS 
AS A FUNCTION OF THE TETRAETHYLENEPENTA
MINE-TALL OIL SAL T/TETRAETHYLENEPENTAMINE
TALL OIL AMIDE (TEPTOS/TEPTOA) RATIO. 

Custom synthesis in lieu of obtaining the commercial dimer acid amidopolyamines 
represents another alternative in the steps toward preparing successful epoxy foams. The 
dimer acids can be combined with polyamines much as was done with the tall oil 
amidopolyamines. However, unlike the preparation of TEPTOA, heating the dimer acid 
polyamine salts causes considerable foaming in the reaction vessel. Similar problems have 
been noted earlier by Cowan and coworkers, (18) and they found It was occasionally 
necessary to add the polyamine slowly with stirring to the hot acid in order to minimize 
foaming. Consequently, this method was used with success in preparing a few dimer acid 
amidopolyamines. None of these were fully characterized as to such factors as the amine 
value, molecular weight, or viscosity, although they gave reasonably good cures when 
combined with DGEBA resins. When whipped with Epon 828, the fully amidized materials 
had no tendency to form any persistent froth; but, by using various amounts, or all, of the 
dimer acid polyamine salt in place of the amidopolyamine, foams with much improve~ 
persistences ond_ high foam stabilities were produced. 

Because of the success of the dimer acid polyamine salts in stabilizing the epoxy foams, 
their use in the Y-12H and Y-12HA formulations was suggested as perhaps a more "natural" 
foam stabilizer. Accordingly, .TEPA-dimer acid salts were prepared from· a variety of 
commercially available dimer acids including the Empol and Versadyme dimer acids. The 
resulting salts were evaluated as foam stabilizers in Epon 828/Versa.mid 140 foams. All the 
salts were very similar in their action and each favorably improved the foam stability of 
Epon 828/Versamid 140. Slight differences, when noted, were in the varying amounts of 
salt necessary to produce a stable foam, and the resultant pot life~ The most successful of 
the dimer acid salt formulations contained five weight percent of the salt of TEPA and 
Empol 1022 (TEPDAS 1022). Thus, five percent TEPDAS 1022 added to equal parts of 
Epon 828 and Versamid 140 and whipped at"" 20° C to a density of 0.300 gm/cc gave a 
stable foam with a spreadability life of approximately 15 minutes. The TEPDAS foams, 

• 
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while demonstrating a significant improvement over unstabilized Versamid 140 foams, were 
decidedly inferior to the stearic acid formulations, especially in terms of their spreadability 
lives. . 

OTHER EPOXY FOAMS 

Studies of Epon 828 foamed with a s·ilicone surfactant suggests an alternate tb the use of 
amidopolyamines as curing agents in epoxy foams. In the successful epoxy/amidopolyamine 
formulations, the curing agent provides the essential i_ngredients for foam production. For 
example, whipping Epon 828 alone produces no foam, while whipping Versamid 140 alone 
produces a foam (an unstable one to be sure, but one with a persistence of several hours). 
Stabilization of epoxy/amidopolyamine foams has naturally centered on the curing agent, 
but stabilization might be served better by including surfactants or ·combinations of 
-surfactants which are inherently active with both the epoxy and curing agent. For instance, 
DGEBA resins containing approximately five weight percent octadecylamine can be 
whipped into foams having persistences 
of several days. This fact perhaps 
explains, in part, the ability of the 
fatty amines to produce significantly 
lower epoxy/amidopolyamine foams. 

As is pointed out in Figure 55, 
inclusion of the silicone DC-193 into 
Epon 828 in gradually increasing 
amounts produces foams with 
gradually decreasing densities. An Epon 
828/DC-193 foam . whipped to a 
density of approximately 0.3 gm/cc 
had a persistence of almost four days. 
This result suggests the possipility of 
the use of curing agents, such as the 
acrylonitrile modified polyamines, 
which provide for extended pot lives 
and cure times. Thus, a mixture of 100 
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Figure 55. BULK FOAM DENSITY AS A FUNCTION OF THE 
DC-193 CONTENT IN EPON.828. 

grams of Epon 828, 3.8 gms of DC-193, and 30.8 gms of TETA/acrylonitrile ( 1: 2) was 
whipped to a density of 0.33 gm/cc, giving a pot life of approximately 50 to 55 minutes and 
a cure time of 24 to 65 hours. (Shorter cure times could be obtained by eliminating part, or 
all, of the acrylonitrile.) Foam stability was only fair, however, and this was due, probably, 
to. the large amount of free polyamine. A more successful foam of this type would also 
include a certain amount of fatty acid-polyamine salt to improve the stability. 

' 
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APPENDIX A 

CHARACTERIZATION OF ARALDITE 6005 

Introduction 

Araldite 6005 is a component of a number of stable-foamed epoxy formulations. The use of 
Araldite 6005 in these formulations imparts a level of foam stability not attained when 
other common DGEBA resins, such asEpon 826, are substituted. Fractionation of Araldite 
6005 and Epon 826 by molecular distillation and analyses of the fractions by GPC and 
NM R indicated that the chief difference between the two resins is the presence of 
approximately 5.3 percent He-tertiarybutylphenoxy)-2,3-epoxypropane in the Arald.ite 
6005. Best evidence indicates that this compound is responsible for the enhanced foam 
stability of the Araldite 6005 foams. · 

Discussion 

The use of molecular distillation as a fractionation technique to aid in the characterization 
of the polymolecular epoxy resins seemed to be the method which offered the most positive 
assuran.ce ·that homopolymerization would not take . place during the fractionation. 
Fractions from the distillation were subsequently studied by GPC and NMR. The GPC 
studies, coupled with positive identification of a few of the molecular species present, gave a 
real insight into the structure of the two resins. The related GPC work of Larsen(16) was 
used as a guide. The GPC scans of Araldite 6005 and Epon 826 are presented in Figures A-1 
and A-2, respectively, indicating that the two resins· have similar molecular distributions and 
are very similar to published spectra of DGEBA resins.(16) The scans indicate that the major 
constitutent of both materials is the diglycidyl ether of bisphenol-A monomer (Compound 
A-D: 

A-I 

where n = 0. The other peaks are believed to be oligomers of this monomer in which n = 2 
and 3. 

NM R spectra of the two resins are presented in Figures A-3 and A-4. Each spectrum is 
typical of. DGEBA resins except for the absorption at 1.25 ppm in the Araldite 6005 
spectrum which suggests the presence of a tertiarybutylphenyl functionality either io a 
separate compound or perhaps as an end group to some of the DGEBA oligomers. 

Other differences in the two materials are shown in the GPC scans of the fractions removed 
by molecular distillation. Figures A-5 through A-8 are scans of the molecular distribution of 
the ~aterial comprising Araldite 6005, and Figures A-9 through A-12 show the makeup of. 
Epon 826. The peaks in the· scans are identified by assigning the proper value to "n", as 
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19.7 

Figure A-1. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF ARALDITE 6005. 

19.7 

20 

Figure A-2. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF EPON 826. 

shown in Compound A-I. Numbers on the scans indicate the elution volumes which have 
passed through the chromatographic column. It is seen readily that the Araldite 6005 
material contains a significant amount of 
a low-molecular-weight impurity (at about 
21.1 elution volumes) which was isolated 
in a much purer form during a more 
selective molecular distillation of a second 
sample of Araldite 6005. NM R analysis 
(Figure A-13 and Table A-1) of this 
fraction indicated that this impurity was 
1-(p-tertiarybutylphenoxy)--2,3-epoxypro · 1 

pane (Compound A-II): 

A-II 

The major difference in the NM R 
spectrum of Compound A-II and common 

·Table A-1 

ANALYSIS OF NMR SPECTRUM OF DILUENT 
IN ARALDITE 6005 

Structural 
Formula 

1 ·(_e·tertiarybu tyl phenoxy )-2,3-epoxypropane 

Proton 

a .. 

b 
c 
d 
e 

Chemical Shiftl1 I 
(ppm) 

1.22 
2.33 to 2.67 
2.94 to 3.19 
3.50 to4.08 

6.74 
7.19 

Integration 121 
Theoretical Found 

9 
2 
1 
2 
2 
2 

9.00 
2.08 
1.00 
2.11 
2.16" 
2.11 

DG EBA resins (eg, Epon 826) .is the " (1 I Relative to tetramethylsilane in Figure A-13. 

chemical shift of the methyl groups; the 121 Number of protons at given chemical shift. 

!-butyl absorption coming at 1 :25 ppm 
and the isopropylidene methyls at l.57 ppm. Accordingly I analysis of the integrals of these 
two groups in th~ NMR spectrum of Araldite 6005 was made by: 
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Figure A-4. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF EPON 826. 
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19.7 

Figure-A-5. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF· THE MOLECULAR DISTILLATION OF 
ARALDITE 6005. (Fraction I, 1000 Cat 5 µ) 

71 

21 

Figure A-6. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF THE MOLECULAR DISTILLATION OF 
ARALDITE 6005. (Fraction II, 1300 Cat 5 tl 

II 
__ (I1.25H6+6n)(100) 

mole% 
(11.57)(9) 

(A-1) 

where I1 .25 represents the integral of. the !~butyl proteins and I1 .57 the integral of the 
isopropylidene protons. A molecular weight of 370 (n = 0.035) was assumed for the 
DGEBA contribution to Araldite 6005. 

Solution of the equation gave a value of 5.3 m.ole percent Compound A-II per 100 percent 
DGEBA (n = 0.035). Based on the uncertainties in the actual molecular weight of the 

19.7 

20 

Figure A-7. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF THE MOLECULAR DISTILLATION OF 
ARALDITE 6005. (Fraction V, 1600 Cat 3 µ) 

19.7 
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17.3 

24 22 

Figure A-8. GEL PERMEATION CHROMATOGRAPHIC 
SCAN OF THE RESIDUE FROM THE MOLECULAR 
DISTILLATION OF ARALDITE 6005. 
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Figure A-9. GEL PERMEATION CHROMATOGRAPHIC 
SCAN FROM THE MOLECULAR DISTILLATION OF 
EPON 826. (fraction 1; 120 to 140° Cat 5 µ) 

20 

18 16 

Figure A-10. GEL PERMEATION CHROMATOGRAPH· 
IC SCAN FROM THE MOLECULAR DISTILLATION OF 
EPON 826. (Fraction II, 140 to 150° Cat 5 µ) 

DGEBA and the determinations of the .integrals, values of 4.5 to 6.5 percent Compound· 
A-II would not be contradicted by an analysis of the NMR spectrum of Araldite 6005 by 
Equation A-1. 

20 

16 14 

Figure A-11. GEL PERMEATION. CHROMATOGRAPH
IC SCAN FROM THE MOLECULAR DISTILLATION OF 
EPON 826. (Fraction 111, 150 to 1700 Cat 5 µ) 
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Figure A·12. GEL PERMEATION CHROMATOGRAPH
IC SCAN OF THE RESIDUE FROM THE MOLECULAR 
DISTILLATION OF EPON 826. 
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Figure A-13. NUCLEAR MAGNETIC RESONANCE SPECTRUM OF THE DILUENT IN ARALDITE 6005. 
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APPENDIX B 

SELECTING MATERIALS AND PREPARING THE Y-12H AND Y-12HA CURING 
AGENTS 

Introduction 

Y-12H and Y-12HA foam formulations are representative of the s.table Versamid/epoxy 
resin foams. Each foam is prepared by whipping Epon 828 in the manner described 
previously with specific ratios of Versamid 125, Versamid 140, and stearic acid. The Y-12H 
curing agent consists of a mixture of Versamid 125, 38 wt%; Versamid 140, 57.9 wt%; and 
stearic acid, 3.5 wt%. Y-121-:!A curing agent contains Versamid 125, 24.7 wt%; Versamid 
140, 74.1 wt %; and stearic acid, 1.2' wt%. Care must be taken in selecting and blending the 
curing-agent materials. 

Selecting the Materials 

The Versamids should come from freshly opened containers and should be clear, 
amber-colored resins with no evidence of solids present. The presence of solids indicates that 
the material has been con.taminated by the reaction between atmospheric water and carbon 
dioxide to form amine bicarbonate: 

(B-1) 

Heating will reverse the re~ction, but significant quantities of the bicarbonate will dissolve 
and likely will remain, depending on the extent of the heating. Th~ presence of amine 
bicarbonate affects subsequent foam properties; consequently, any Versamid. sample 
containing amine bicarbonate should not be used in preparing the Y-12H or Y-12HA curing 
agent. 

' . 
Viscosities of the Versamids and purity of the stearic acid also affect foam quality and 
should be monitored. For Y-12H, the viscosities (at 20.50 C) of Versamid 125 and Versamid 
140 should be no greater than approximately 65,000 and 20,000 cPs, respectively. For 
Y-12HA, the viscosities (at 20.5° C) should be such that the viscosity of the combined 
Versamid 125 and Versamid 140 (in the proper ratio) would be no greater than 31,500 cPs. 
No ·lower limit in viscosity has been established. 

The stearic acid should be fairly pure, as determined by its melting point (68 - 69.5° C). The 
accepted value for n-octadeconoic acid is 70.1 o C. ( 15) The reason care must be taken in 
selecting the stearic acid is that many practical grades and those designated· as single-to-triple 
pressed materials actually contain large a.mounts of palmitic acid. Palmitic acid is· not as 
.effective as a foam stabilizer as pure stearic acid, and its inclusion would cause significantly 
lower foam stabilities. • 
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Blending the Materials . 

Mechanics of the blending is. the same for all the Y-12H and Y~ 12HA formulations. The 
main variable is the relative amounts of materials (Table B-1 ). A batch size of 950 grams is 

.. Table B-1 

PROPER AMOUNTS OF VERSAMID 125, 
VE.RSAMID 140, AND STEARIC ACID 

FOR BLENDING THE Y-12H 
AND Y-12HA CURING 

AGENTS 

Formulation 

Versamid 125 
Versamld 140 
Stearic Acid 

Y-12H 

367 
550 

33 

Y-12HA 

235 
704 

11 

considered, but blends up to a total weight of · 
7 ,600 grams have been made without problems. 

· For a 950-gram batch of Y-12H, 367 grams of 
Versamid 125 ·would be combined with 550 
grams of Versamid 140 and 33 grams of stearic 
acid. For Y-12HA, the amounts would be 235 
grams of Versamid 125, 704 grams of Versamld 
140, and 11 grams of stearic acid .. 

Preparing the Curing Agents 

lh a oneoliter stainless steel beaker, the proper 
amounts (Table B-1) of Versamid 125, Versamid 

140, and stearic acid are combined. The components are mixed by hand and heated over a 
·hot plate until the viscosity is sufficiently low to permit mechanical stirring. Stirring is 
continued until the mixture reaches a temperature of 70 to 750 Cat which· point the stearic 
acid dissolves in the Versamids. Care should be taken to avoid prolonged heating of the 
mixture above aoo c due to the increased possibility of an amidization of the stearic acid 
and· Versamid amine at those temperatures. The mixture should be .allowed to cool to the 
proper temperature before use. At all times, care should be taken to avoid prolonged 
exposure to moist air. If the curing agents are not to be used within 24 hours, they should 
be stored in an inert atmosphere or kept 'in containers sealed under a blanket of inert gas. 
Quart-size glass jars or polymer-lined metal cans would be suitable containers. With such 
precautions, shelf lives in excess of one year have been realized, and ·there is no indication 
tha'i: the shelf lives of properly stored stearic acid/Versamid curing agents will not be 
indefinite. 
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