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ABSTRACT
SAND2020-12251
Unlimited Release

Printed November 2020

Arathane 5753 HVB:
An Alternative to EN-7/EN-8 

Encapsulants
LeRoy Whinnery, April Nissen, Rachel Barth, and Vipul Mistry

Materials Chemistry
Sandia National Laboratories

P.O. Box 969, MS 9403
Livermore, CA  94551

Conathane EN-7 (referred to as EN-7) has been used for decades to pot electrical connectors, 
providing mechanical support for solder joints in cables. Unfortunately, the EN-7 formulation 
contains a suspect carcinogen and chemical sensitizer, toluene diisocyanate (TDI). Because of 
this, various groups have been formulating replacement materials, but all have come up short in 
final properties or in processing. We propose Arathane 5753 HVB as a replacement for EN-7. 
The properties compare very well with EN-7 and the processing has both advantages and 
disadvantages over EN-7 as discussed in detail below.
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1. INTRODUCTION
Polyurethane elastomers are used for a wide variety of applications commercially. Sandia National 
Laboratories specifies their use in the potting of cables and connectors to provide mechanical 
integrity to the solder joints and wires. These polyurethanes are particularly good at protecting 
against shock and vibration. Some cables and connectors transmit high voltages and require the 
polyurethane elastomer to have excellent dielectric properties as well. Many formulations have been 
used over the years
1 with all of them having short comings. The initial materials were made with carcinogenic 
chemicals, while replacement formulations had more complicated processing due to the starting 
materials being solids at room temperature. Most of these replacement formulations also had limited 
utility due to their decreased ability to provide adequate standoff to high voltage. The exception was 
Conathane EN-7/EN-4, commonly shortened to EN-7 (produced by Cytec). EN-7 has liquid 
ingredients and outstanding high voltage breakdown strength.2 However, it contains toluene 
diisocyanate (TDI), a suspect carcinogen and chemical sensitizer.3 The weapons complex has been 
unsuccessfully trying to find a suitable replacement for many years. It is getting more and more 
difficult to find vendors that are willing to work with this hazardous material. In addition, the 
Kansas City National Security Complex (KCNSC) has recently decided against using TDI in 
production if possible.

1.1. Scope and purpose
Due to favorable processing compared with other available formulations, EN-7 was being specified 
for applications that did not require the benefit of its high voltage properties. The initial goal of this 
project was to develop a new material with favorable processing that would be used for the lower 
voltage applications, reserving EN-7 specifically for high voltage applications. To keep costs down, 
we also wanted to start with a commercial formulation that we could modify or at a minimum use all 
commercially available chemicals in the formulation. However, testing of our new material revealed 
a high voltage breakdown strength that matched EN-7. It appears that this new material can 
effectively replace EN-7 and all the other polyurethane elastomer formulations in most applications 
for potting of connectors. This of course will have to be proved on a case by case basis.

To develop a new material for potting cables and connectors there are many desirable properties to 
match. The physical properties include having a Tg below the application use temperature to 
minimize stresses at interfaces, low outgassing to minimize compatibility concerns, and good aging 
behavior over decades. Mechanically, the material should have good adhesion to materials of interest 
(for example stainless steel, PEEK, and aluminum) and have a Shore A hardness of approximately 
90 to provide sufficient support for the solder joints and wires. Ideally, the high voltage breakdown 
strength would meet or exceed that of EN-7. In addition to using commercially available 
constituents that are liquid at ambient temperature and free of TDI, the uncured mixture should 
have a low viscosity to allow easy bubble-free flow around wires, a 30-60 minute pot life and a 24-48 
hour cure at ambient temperature (with an acceptable shorter cure at elevated temperature).

1.2. Prior work
Domeier et. al.1 gives an extensive review of the history and development of castable polyurethane 
elastomers from ~1970 through 2000 and suggests some chemical origins of the high voltage
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properties of EN-7 (Figure 1.1). In the early 1970’s, Sandia worked with Conap to develop EN-7 as 
a non-mercury catalyzed castable polyurethane elastomer to replace Adiprene L-100/MOCA. For 
lack of a non-TDI equivalent, EN-7 has been the material of choice for potting of cables and 
connectors for approximately 40 years. EN-7 has outstanding electrical and mechanical performance 
and acceptable processing, albeit a little short on pot life (~15 minutes). A significant processing 
advantage over many of the materials that were formulated to replace EN-7 is that the constituents 
are liquid at room temperature. This seemingly small difference was enough to make some prefer to 
work with the carcinogenic EN-7 over the more difficult to process replacement materials.

Figure 1.1.  Cytec’s Conathane EN-7 Formulation.

Arathane 5753 (from Huntsman Chemical-Advanced Materials) is a relatively soft (Shore A of 55-
60) castable polyurethane elastomer that has been used substantially in the aerospace industry. It is 
based on methylene diphenyl diisocyanate (MDI) and does not contain any TDI. From a 



11

processing perspective it matches very well with the desired characteristics of the ideal material for 
potting applications (liquid constituents and a greater than 30-minute pot life). Unfortunately, it is 
too soft to provide adequate support and its high voltage breakdown strength is only half of that of 
EN-7. 

1.3. New Elastomer Formulation
Our simple approach was to add a short chain diol to Arathane 5753 to stiffen it up so it would 
provide better support to solder joints and wires, initially not expecting to replace EN-7, only the 
difficult-to-process material options. Several short chain diols were examined along with several 
loading levels. Based on availability and Shore A hardness, the down selection was quickly made to 
add 11% of 2-ethyl-1,3-hexanediol (DEH for dihydroxy ethylhexane). Formulation comparisons of 
Conathane EN-7, Arathane 5753, and Arathane 5753 HVB are shown in Table 1.1. Surprisingly, 
the new formulation, now called Arathane 5753 HVB (for High Voltage Breakdown) had electrical 
properties that matched EN-7 and it still maintained the favorable processing characteristics of the 
parent Arathane 5753. 

Table 1.1.  New TDI-free formulation.

Formulations (by mass)

Component EN-7 Arathane 5753 LV Arathane 5753 HVB

Part A Part A Part A

Arathane 5753 A --- 20 61.05

EN-4 100 --- ---

Part B Part B Part B

EN-7 18.8 --- ---

Arathane 5753 B --- 100 100

DEH (2-ethyl-1,3-hexanediol) --- --- 20
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2. EXPERIMENTAL DETAILS

2.1. Processing

2.1.1. Preparation of Arathane 5753 HVB 
Arathane 5753-part B (100 parts) are mixed with DEH (20 parts) by hand for 30-60 seconds. 
Arathane 5753-part A (61 parts) are added, and the mixture is mixed by hand for 1-2 minutes, 
becoming a creamy yellow-white mixture. The mixture is degassed to 150 mtorr, then poured or 
injected into the desired mold, which should be preheated at 71°C for 2 hours. The material is cured 
in the mold for 4 hours at 71°C.

2.1.2. Properties
To fully characterize this new material, many properties have been measured in-house as well as sent 
out for testing as needed. A short summary of the most critical properties is summarized in Table 
2.1 with the remainder and additional details provided in the following sections.

Table 2.1.  A summary of material properties for EN-7, Arathane 5753, and Arathane 5753 HVB.

Property EN-7 Arathane 5753 Arathane 5753 
HVB

Physical

Tg (°C) -77 -69 (lit) -64 (rheo)

CTE (ppm/°C) 168 (exp & lit) 170 (lit) 143

Outgassing total mass lossa (%) 0.251 ± 0.011 0.673 ± 0.017 0.659 ± 0.014

Mechanical

Hardness, Shore A 94 60 90

Tensile strength (MPa) 8.0 2.0 12

Elongation (%) 220 210 150

Tear strengthb (lbf/in) 430 ± 30 84 ± 6 230 ± 52

Electrical

Breakdown strengthc (kV/mm) 30.0 ± 0.6 14 (lit) 29.1 ± 2.7

Processing

Pot lifed (min) 10-15 ~30 25-30
aASTM E595; NASA requirement for outgassing is total mass loss < 1.0%
bASTM D624, Die C
cASTM D149; 1 mm thickness
dtime to reach 20,000 cP
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2.2. Processing characteristics

2.2.1. Viscosity and pot life
The initial viscosity of the liquid mixture is important because if the viscosity is too high, it can cause 
trapped bubbles that can result in insufficient support for solder joints and wires or increase the 
probability of a high voltage breakdown if the bubble is near a high voltage conductor. A low 
viscosity is preferred to minimize these concerns. From our measurements, EN-7 has an initial 
viscosity of approximately 18,000 cP, allowing it to barely meet our threshold for good flow in these 
applications of 20,000 cP. As can be seen in Figure 2.1, Arathane 5753 HVB has an initial mix 
viscosity below 5,000 cP and should result in fewer bubbles being trapped during processing. 
However, the technical datasheet (TDS) for EN-7 lists the initial mix viscosity at 5500 cP. We do 
not have an explanation for the difference but feel the side by side comparison in our experiment 
gives a good relative assessment. 

If we use this value of 20,000 cP as our cutoff for acceptable work time, then EN-7 has a very short 
pot life of just under 10 minutes as opposed to the “working life” of 30-35 minutes stated on the 
TDS. That 10-minute working time or pot life is more consistent with what is observed in the lab. 
Using this same 20,000 cP threshold, Arathane 5753 HVB has a pot life of just less than 30 minutes, 
much better suited for potting applications. 

Figure 2.1.  Pot life and viscosity comparison of various polyurethane formulations.
In an attempt to make processing for manufacturing even easier, a couple of alternatives were 
investigated. The first was to pre-mix the constituents, degas, and transfer to syringes before quickly 
freezing the syringes. This was all done at Specialty Polymers & Services, Inc. in Valencia, CA. This 
approach ran into several difficulties. The pot life was shortened because the constituents were 
reacting until the material was frozen. Matt Selter at KCNSC found that the shelf life of the
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mix was approximately 2 weeks if stored at -20°C and 4-6 weeks at -40°C. We do not know if the 
materials were processed differently after this initial batch at Specialty Polymers & Services, but later 
batches all had dramatically shorter shelf lives and higher starting viscosities. Due to these 
observations, we do not currently recommend using frozen pre-mixed syringes of Arathane 5753 
HVB. Specialty Polymers & Services, Inc. also tried to find a way to use dual cartridge syringes with 
a static mixer. Unfortunately, they were unsuccessful due to the volumetric ratio of the 2 parts not 
matching commercially available cartridges. 

2.2.2. Cure schedule options
Shore A durometer was used to determine the hardness of samples to monitor the extent of cure as 
well as changes in hardness after aging. As shown in Figure 2.2, Arathane 5753 HVB completes the 
final cross-linking relatively slowly at room temperature. The material can be considered acceptable 
for gentle handling after 24 hours and fully cured after 7 days at room temperature. The ASTM 
procedure specifies that the durometer value should be recorded 10 seconds after applying load to 
the gauge. To determine if this was necessary for our material and give an idea of the creep 
characteristics, we recorded the data immediately after application of the load as well. As shown, 
especially in the early times when the material is still quite soft, there is a significant difference 
between the 2 measurements, indicating that the 10 second wait is justified. The data shows the 
material is cured after approximately 7 days at room temperature. The small increase in hardness 
shown after 27 days is likely due to moisture absorption. Often, we think of water absorption 
leading to a plasticizing effect in polymers and indeed that is usually the case with cross-linked glassy 
polymers. However, the opposite has been observed with elastomers.4 Additionally, the last data 
point (30 days) was heated for 2 hours at 71°C to show that additional heat would not cause 
additional cure.

Figure 2.2.  Arathane 5753 HVB cured at RT. Samples at “30 days” were cured at 71°C for 2 hours.
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An alternate method to determine the extent of cure is by monitoring the glass transition 
temperature (Tg) of the material. As a material continues to polymerize and cross link the Tg will 
increase up to a point called Tg max when it is fully reacted and 100% cross linked. There are a 
number of ways to record the Tg of a material, including the Tan Delta Peak (Figure 2.3), the onset 
of the Storage Modulus (Figure 2.4), and the onset of the Loss Modulus Peak (Figure 2.5). The data 
were collected on a TA Instruments Q800 DMA using the Dual Cantilever clamp with 20 µm 
amplitude, 10 Hz frequency, and a heating rate of 2°C per/min. The data in these graphs are very 
consistent and show that Arathane 5753 HVB is completely cured after 2 hours at 71°C. Accelerated 
cure schedules were also examined. Cure temperatures of 71°C, 80°C, and 93°C were examined 
between 2 and 24 hours. DMA analysis showed less than 1°C difference in the Tg of samples cured 
for 2 hours at 71°C and 24 hours at 93°C. The conclusion of this study is that the material is fully 
cured after 2 hours at 71°C. Times shorter than 2 hours were not explored.

Figure 2.3.  Tan delta glass transition data for Arathane 5753 HVB cured at 71°C shows it to be 
cured after 2 hours.

-52.3 -52.2 -52.5 -52.4 -52.1-53.4 -53.4 -53.5 -53.4 -53.2-52.9 -54.0 -53.3 -53.9 -52.5

-52.9
-53.2 -53.1 -53.2 -52.6

-58

-57

-56

-55

-54

-53

-52

-51

-50

-49

-48

2h 4h 16h 24h 40h

Pour 1 Pour 2 Pour 3 Average

G
la

ss
 tr

an
si

tio
n 

te
m

pe
ra

tu
re

 (°
C)

 
(T

an
 D

el
ta

 P
ea

k)

Cure time at 71°C



16

Figure 2.4.  Storage modulus glass transition data for Arathane 5753 HVB cured at 71°C shows it 
to be cured after 2 hours.

Figure 2.5.  Loss Modulus Glass Transition data for Arathane 5753 HVB cured at 71°C shows it to 
be cured after 2 hours.
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2.2.3. Cure shrinkage
Although not usually critical for the applications currently envisioned, cure shrinkage was measured 
for both Arathane 5753 HVB and EN-7. Samples for both materials were prepared in the same way. 
This is not an ASTM method. The internal volume of a cylindrical mold was calculated from the 
diameter and length and compared to the calculated volume of the molded parts after post-cure and 
removal from the mold. Two samples were made per material in a mold that was 3.58 cm diameter 
by 1.28 cm tall. The mold was preheated to 71°C. The cure was 15 minutes at RT, followed by 4 
hours at 71°C. As shown in the table below, Arathane 5753 HVB has a slightly lower volumetric 
shrinkage than EN-7.

Table 2.2.  Volumetric shrinkage results showing Arathane 5753 HVB as slightly lower than 
EN-7. 

Encapsulant Volumetric shrinkage

Arathane 5753 HVB 1.70% ± 0.13%

EN-7 2.31% ± 0.17%

2.3. Physical properties

2.3.1. Glass transition temperature
As seen previously in Section 2.2.2, the Tg of Arathane 5753 HVB is between -53°C and -65°C 
depending on method selected for recording. To get a picture of the modulus over a wide 
temperature range, a dynamic thermomechanical analyzer (DMTA) (TA Instruments DHR-2) was 
used with a rectangular sample in torsion (0.005% strain, 1 Hz, 2°C/min heating) and is shown in 
Figure 2.6. This data shows an interesting plateau region in EN-7 that is not present in either of the 
Arathane materials.
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Figure 2.6.  Storage modulus as a function of temperature.

Figure 2.7.  A slight increase in Tg for samples that were cured at the lowest temperatures as they 
sit around in ambient conditions for months.
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The Tg of samples cured at 71°C, 80°C, and 93°C for 2, 4, and 24 hours is shown in Figure 2.7. 
Although the data for the samples cured at higher temperature have not been measured, the samples 
cured at lower temperature show a slight (~1°C) increase in Tg after several months at ambient 
conditions in the lab. This is most likely due to absorption of water. As stated in “Castable 
Polyurethane Elastomers” by I.R. Clemitson, (2008) p. 68: “The purist of the polyurethane processors 
will maintain that the polyurethanes should then be rested at room temperature for 1 to 2 weeks for 
the ultimate in properties. The explanation for this is that the polyurethanes will slowly absorb water 
from the air, which will assist the formation of very strong bonds.”

2.3.2. Coefficient of thermal expansion (CTE)
CTE can be important for encapsulants depending on the application. Ideally, the CTE of the 
encapsulant would match the CTE of the materials it is encapsulating. This can be very hard to do. 
Often, a metal housing or backshell are being encapsulated. These metals have approximately three 
times lower CTE than most elastomers. In some circumstances, negative CTE fillers can be added 
to the liquid encapsulant to lower the overall CTE of the mixture. However, it takes quite a bit of 
the low CTE material to achieve the desired effect, in addition to the severe processing limitations 
presented by the fillers. 

Figure 2.8.  The CTE of Arathane 5753 HVB is slightly lower than EN-7 over the temperature range 
of -40°C and 60°C.
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The data shown in Figure 2.8 was recorded on a TA Instruments Q400 TMA at 3°C/min. Data 
from the first temperature cycle was not used. The data shown is the average of 3 samples. Heating 
curves show good agreement with the cooling curves indicating that additional reactions are not 
occurring at the higher temperatures or between cycles. The CTE of Arathane 5753 HVB is slightly 
lower than EN-7 over the temperature range of -40°C and 60°C. 

In addition to cure schedule, hardness was also used to determine the cure time of Arathane 5753 
HVB at 71°C. This data is shown in Figure 2.9 and shows that the material is cured after 2 hours at 
71°C. Three separate pours of the material were made and are represented by the different colors in 
the graph. Samples from Pour #3 were rested for 27 days prior to measurement, likely accounting 
for the slightly higher values. The average of at least 3 measurements is shown by the bar height and 
the deviation represented by the error bar at the top of each bar.

Figure 2.9.  Shore A durometer measurements show that Arathane 5753 HVB is cured after 2 
hours at 71°C.

The Shore A durometer of samples from the study shown in Figure 2.9 continued to be monitored 
as they sat in the lab at ambient conditions, as shown in Figure 2.10. The general trend is that the 
durometer increases for the first month and then levels off. Again, this is consistent with moisture 
permeation into the samples.

86.6 87.1 87.4 87 86.987 86.6 87.7 87.2 87.288.8 89.7 86.9 89.5 87.5
80

82

84

86

88

90

92

2h 4h 16h 24h 40h

Pour #1

Pour #2

Pour #3

Du
ro

m
et

er
 S

ho
re

 A

Cure time at 71°C (hours)



21

Figure 2.10.  Durometer increases for the first month and then levels off, consistent with moisture 
permeation into the samples. Samples were stored in ambient lab air.

2.4. Mechanical performance

2.4.1. Tensile Testing
As mentioned earlier, DEH was added to the commercial Arathane 5753 LV formulation to increase 
the modulus to be comparable with EN-7. The data in Figure 2.11 shows the stress strain curves for 
each of these materials in tension. The modulus of Arathane 5753 LV, defined as the tangent to the 
initial linear portion of the loading curve, was significantly increased upon addition of the DEH. 
However, there was a price to pay. The Arathane 5753 HVB is no longer as ductile. The 
measurements of Arathane 5753 HVB appear less consistent, but this could be due to the flaw 
sensitivity of the tensile test.
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Figure 2.11.  The modulus of Arathane 5753, defined as the tangent to the initial linear portion of 
the loading curve, was significantly increased upon addition of the DEH.

2.4.2. Tear strength
Tear strength is not usually considered a critical property for a potting material, but there may be 
some applications where it is useful. The curved tear strength samples shown in Figure 2.12 were 
prepared by pressing a corresponding die through a 0.125” thick sheet of the materials. The samples 
were then pulled at a constant quasi-static rate while load and displacement were recorded.



23

       
Figure 2.12.  Images show a sample before and after testing.

Figure 2.13 shows the tensile loading curves for the three different materials with three replicates 
each. The tear strength was not calculated per se, but the sample were all of the same dimensions 
and tested at the same rate as to give a relative comparison. The main conclusion from this data is 
that Arathane 5753 HVB is not as tear resistant as EN-7. However, this should not be a problem for 
most encapsulation or potting applications.

   
Figure 2.13.  Arathane 5753 HVB is not as tear resistant as Arathane 5753 LV or EN-7.

2.4.3. Adhesion
Adhesion of encapsulants to surfaces is critical in providing mechanical support.5 Single lap shear 
coupons of the geometry shown in Figure 2.14 were used to compare adhesive strengths. 
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Figure 2.14.  The geometry of single lap shear samples used to measure adhesive strength.
The aluminum adherends were made from Al 6061-T6 and Alodine coated to replicate a common 
surface in weapons. Minimum bond lines were ensured by incorporating 0.5 wt% of 0.005 inch 
diameter glass beads into the adhesive. To understand the measurement or sample variability, three 
specimens per adhesive were measured. Each specimen was cured in the assembly fixture at ambient 
temperature for 24 hours. Specimens were then aged at least 6 additional days at ambient 
temperature inside a sealed plastic bag. 

The results in Table 2.3 show Arathane 5753 HVB has almost 3X higher load to failure and peak 
shear stress compared to Arathane 5753 LV. All samples failed in a cohesive fashion, thus placing a 
lower bound on the strength of the actual bond, it is stronger than the material itself under these 
constraints and for this geometry. Unfortunately, comparable measurements for EN-7 were not 
performed.

Table 2.3.  Single lap shear data with aluminum adherends.

Encapsulant Average peak load 
(Kg-force)

Average peak shear stress 
(MPa)

Arathane 5753 LV 123 ± 17 1.88 ± 0.26

Arathane 5753 HVB 347 ± 55 5.27 ± 0.83

2.5. Electrical performance

2.5.1. Dielectric breakdown strength
Dielectric breakdown strength is a critical property for encapsulants involving high voltage (>5kV). 
If the breakdown voltage of the material is too low, it will allow current to pass shorting out the 
conductor to ground or another conductor. The high breakdown voltage observed for EN-7 is why 
it was specified for high voltage applications and why it was so difficult to develop a replacement 
material. Sheets of the materials (1.0 mm thick) were used for the measurements. Exova, Inc made 
the breakdown measurements following ASTM D149 at 500V/sec at 23 ± 2°C.
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Table 2.4.  Reported values are means ± standard deviation for breakdown voltage and 
breakdown strength.

Material Breakdown Voltage 
(kV)

Breakdown Strength 
(kV/mm)

EN-7 31.4 ± 0.6 30.0 ± 0.6

Arathane 5753 HVB 29.7 ± 2.9 29.1 ± 2.7

2.5.2. Volume resistivity
Volume resistivity was measured using sheets of Arathane 5753 HVB and EN-7 cast at 1 mm 
thickness, using the Keithley Model 6517B Electrometer and Model 8009 Resistivity Test Chamber, 
as shown in Figure 2.15 and Figure 2.16. Readings were collected after 1 minute at 500 volts. A 
summary of the volume resistivity values for the two materials can be found in Table 2.5.

  
Figure 2.15.  High Resistance Measurements using Keithley's Model 6517B Electrometer and the 

Model 8009 Resistivity Test Chamber.
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Figure 2.16.  Measurement configuration used in the Model 8009 Resistivity Test Chamber to 
determine the volume resistivity.

Table 2.5.  Volume resistivity values at 500V, average/standard deviation calculated from 
9 values each.

Material Volume resistivity at 500V 
(ohm-cm)

Arathane 5753 HVB 2.1x1016 ± 0.6x1016

EN-7 1.0x1016 ± 0.4x1016

2.6. Compatibility

2.6.1. Outgassing

2.6.1.1. NASA requirements
When materials outgas it can be a problem for the original material or for another material within 
the system. This is demonstrated regularly in cars where the dashboard material has dioctyl phthalate 
(DOP) in it as a plasticizer, keeping it somewhat soft, pliable and preventing cracking. When enough 
of the DOP volatilizes away it leaves the dashboard material brittle and susceptible to cracking. 
Some of that volatilized DOP then condenses on the wind shield resulting in a foggy layer that 
reduces visibility. It could cause other issues with other materials as well. In addition, some species 
are more problematic than others. For instance, a material that outgassed hydrochloric acid would 
be very bad even in small quantities due to corrosion concerns, but a little bit of DOP might be 
acceptable in some applications. In general, we try to use materials that have very low outgassing 
properties.6 
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Arathane 5753 HVB and EN-7 were sent to an external lab (Exova, Inc) for testing (ASTM E595) in 
triplicate. Results in Table 2.6 show that both materials pass the NASA standard. Arathane 5753 
HVB showed a higher TML, but EN-7 had a higher CVCM. 

Table 2.6.  Total Mass Loss (TML), Collected Volatile Condensable Materials (CVCM), and 
Water Vapor Regain (WVR) data collected by Exova, Inc.

Material TML (%) CVCM (%) WVR (%)

NASA Limit 1.00 0.10 N/A

EN-7 0.251 ± 0.011 0.013 ± 0.003 0.113 ± 0.004

Arathane 5753 HVB 0.659 ± 0.014 0.006 ± 0.002 0.115 ± 0.009

2.6.2. Moisture absorption
Over the course of the water absorption study color differences were observed between the 
Arathane HVB specimens exposed to 100% relative humidity, by placing the specimens in sealed 
stainless-steel containers including open dishes of water. Samples held at higher temperatures 
became a deep orange color with less color for lower temperature samples. 

It is common for polyurethanes and most organic materials to absorb moisture over time. As noted 
in “Castable Polyurethane Elastomers” by I.R. Clemitson, (2008) p. 68: “The purist of the 
polyurethane processors will maintain that the polyurethanes should then be rested at room 
temperature for 1 to 2 weeks for the ultimate in properties. The explanation for this is that the 
polyurethanes will slowly absorb water from the air, which will assist the formation of very strong 
bonds.”
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Figure 2.17.  The data shows Arathane 5753 HVB absorbs less water and at a slower rate than EN-
7. Samples were all 0.125” thick. Vessels equilibrated at 100% humidity. Water reservoir in 30C 

(blue) vessel went dry after <20 days.

As would be expected, both materials absorb more water at higher temperature. As shown in Figure 
2.17 above, Arathane 5753 HVB absorbs water at a slightly slower rate than EN-7. The Arathane 
5753 HVB also absorbs less water at 30°C and 50°C. These final values do not represent full 
equilibrium values but, based on the leveling out of the curves, they are close. The differences in 
water absorption between the two materials could also be due to differences in the residual 
isocyanate content of each although this has not been investigated.

2.6.3. Material compatibility

2.6.3.1. Small core test results
Small core tests are coupon-level tests that weapon systems use to identify material incompatibilities. 
In these tests, the coupons are designed to have some kind of characterization performed before 
and after the test. Sometimes several types of characterization can be performed on the same 
coupon, saving space, time and money. In the B61-12 LEP, eight stainless steel cans were loaded 
with relevant materials, sealed and then exposed to isothermal (cans, 1, 3, 4, 5, 7, and 8) or thermal 
cycling (cans 2 and 6). In addition, small open dishes containing select solvents were placed cans 3 
and 7 prior to sealing and biologics and humidity were added to cans 4 and 8. After 6 months, cans 
1-4 were opened and evaluated, with the remaining cans opened after 24 months.
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Figure 2.18.  Average Tg (blue/top) and storage modulus (G’, red/bottom) values for Arathane 5753 
HVB specimens after curing 7 days at RT, small core aging for 6 months, and small core aging for 

24 months.
The data in the left bar of the graph is for material that was measured after 7 days at room 
temperature (7dRT). Seven days at room temperature provides an unaged and unexposed 
experimental control for comparison.

The storage modulus is indicated by red bars in the graphs and does not appear to be affected by 
6 months in the small core cans for either material. The glass transition temperature (defined as the 
tan delta peak for this work) is indicated by blue bars in the graphs and shows some small change 
with environment. The Arathane 5753 HVB appears to show a little more variation between the 
different cans; however, these differences are very small and are not of concern. 

After 24 months of aging, both materials show a change of +3°C in glass transition temperature 
across all cans. The thermally cycled Arathane 5753 HVB specimens show a more dramatic change 
in glass transition temperature, accompanied by an increase in storage modulus. The effect of the 
solvents in the chemical can appears to be minimal after 24 months as compared to 6 months aging. 
As noted for the specimens at 6 months aging, the Arathane 5753 HVB appears to show more 
variation between the different cans after 24 months. We do not expect these differences to have an 
impact during deployment of the material.
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2.7. Aging

2.7.1. Long term thermal aging study
Sandia has significant experience investigating the effects of aging on materials. 7 The aim of this 
study is to measure decline in important properties associated with oxidative degradation of 
Arathane 5753 HVB and EN-7. We are not interested in the projected lifetime of the materials so 
much as the ability of Arathane 5753 HVB material to withstand conditions at least as well as EN-7.

Test methods

 practice for heat aging of plastics (ASTM D3045)

 durometer (hardness Shore A, ASTM D2240)

 volume resistivity (ASTM D257)

 mass (can use resistivity samples for this)

 Tg (DMTA)

Procedure

 Prepare and cure sheets of EN-7 and Arathane 5753 HVB. Condition samples for one week 
at room temperature.

 If using multiple pours, cut specimens of each type from as many pours as possible and 
randomize the temperature to which they will be exposed.

Test conditions

 air exposure at room temperature

 five samples per condition

o many are nondestructive measurements so fewer specimens are needed

 Temperatures: Air atmosphere at 105°C, 50°C, and lab conditions (23°C)

 Durations: as given in Table 1 of ASTM D3045. Follow schedule D for 105°C and 
schedule A for 50°C and 23°C

o The temperature for Schedule D of 105°C is well above typical use temperatures, 
but it was decided to try it anyway and stick with the ASTM temperatures and 
times.

 Schedule D—2, 4, 8, 16, 32 days

 Schedule A—3, 6, 12, 24, 48 weeks
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Figure 2.19.  Arathane 5753 HVB and EN-7 display similar mass change over time.

The details of the mass change data in Figure 2.19 are not fully understood. Since 105°C is well 
beyond the design temperature, we choose to ignore that data, but include it for completeness. If we 
assume the initial mass loss at 50°C is due to loss of absorbed moisture, the behavior of the two 
materials is similar.
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Figure 2.20.  Both Arathane 5753 HVB and EN-7 show slight hardening over 1 year of aging.

As shown in Figure 2.20, both materials show a slight increase in hardness over the 1 year of aging. 
By design Arathane 5753 HVB is slightly more compliant than EN-7. One might expect an 
elastomer to become harder more quickly at an elevated temperature as additional crosslinking 
occurs. In addition, oxidation could be contributing to the increase in hardness over time.
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Figure 2.21.  No significant changes in volume resistivity were observed upon aging.

At first glance, the data in Figure 2.21 appears to show great differences in the materials. In fact, the 
y-axis is extremely magnified, and all these materials are very highly resistive, with Arathane 5753 
HVB being slightly better than EN-7.
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Figure 2.22.  Aging results in little change in Tg of the two materials.

If we again ignore the 105°C data, both materials are well-behaved and show minor changes in Tg 
with aging. As expected, there is slightly more change with aging at higher temperatures.
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Figure 2.23.  Storage modulus of both materials behaving as expected over time.

As shown in Figure 2.23, the storage moduli of both materials are not significantly changed. Again, 
by design, Arathane 5753 HVB is less stiff than EN-7.
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Figure 2.24.  Good adhesion was observed for both materials as a function of age.

The adhesion of both materials to aluminum 6061 (Oakite cleaned, no abrasion, no primer) showed 
little change with time and temperature. As expected, samples aged at higher temperature showed 
stronger bonding. The EN-7 may have a slightly weaker bond after one year at ambient.
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Figure 2.25.  Both materials show little change over time, with EN-7 having significantly better 
bonding to PEEK.

EN-7 shows significantly better adhesion to PEEK than Arathane 5753 HVB. However, both 
materials show little change with time and aging temperature.
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3. CONCLUSIONS
Arathane 5753 HVB shows promise as replacement for EN-7. The largest advantage of Arathane 
5753 HVB is that it does not contain the suspect carcinogen and chemical sensitizer toluene 
diisocyanate (TDI). Arathane 5753 HVB has better processing characteristics, comparable or better 
properties, and demonstrated satisfactory aging and compatibility.

Arathane 5753 HVB kits are available from Specialty Polymers & Services, Inc. As an alternative, 
Arathane 5753 LV can be obtained from many distributors and DEH (2-ethyl-1,3-hexanediol) added 
to the B side to make a kit. If mixing a kit, use the formulation listed in the processing section of this 
report.

In contrast to most of the potential EN-7 replacement formulations developed over the previous 
2-3 decades, Arathane 5753 HVB is made from all liquid starting materials. This may seem like a 
small detail, but it greatly reduces the complexity and planning required to preheat and melt 
constituents in a production environment. Another longstanding criticism of EN-7 is its limited pot 
life or work life. The pot life of Arathane 5753 HVB is at least twice that of EN-7. 

The largest challenge that every previous replacement for EN-7 faced was matching the high voltage 
breakdown strength. Luckily, when the DEH was added to the Arathane 5753 LV to increase the 
cross-link density and thus the stiffness, it also increased the high voltage breakdown to match EN-
7. To be able to do this without compromising processing or other properties was a significant 
advantage. Arathane 5753 LV was chosen as the starting point for this replacement because it had 
favorable processing and low outgassing, having been used for many years in satellites.8 Minimal 
outgassing was also observed with Arathane 5753 HVB. 

Materials Aging and Compatibility (MAC) testing for the B61-12 did not show any areas of concern. 
Additional isothermal aging studies also showed only minor changes in properties for 1 year at 
elevated temperature.

However, Arathane 5753 HVB is not a “drop-in” replacement for EN-7. The main differences with 
EN-7 is that Arathane 5753 HVB is cloudy in appearance and the shelf-life of the isocyanate (A) 
side is only 6 months. Being able to visually verify that there are no significant internal voids in key 
locations (between connector pins for example) in high voltage applications is an advantage of EN-
7. Arathane 5753 HVB is slightly cloudy in appearance, allowing voids near the surface to be seen. 
The source of the cloudiness is under investigation. EN-7 has a 15-month shelf-life according to the 
manufacturer. This is longer than the 6-month shelf-life for Arathane 5753 HVB that was carried 
over from the LV version because the isocyanate (A side) was unchanged. This 6-month shelf-life 
poses difficulties for production. To date we have not investigated extending the shelf-life with 
testing as we do with many other isocyanates. This is an obvious solution that will be examined.
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1. APPENDICES

1.1. Appendix I: Specification 2519614
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1.2. Appendix II: SDS for Arathane 5753 HVB
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1.3. Appendix III: Exova Outgassing Report (cover page)
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1.4. Appendix IV: Exova Dielectric Strength Report (cover page)
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