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Polyurethane prepolymers containing TDI are used within the Nuclear Weapons
Complex for many different adhesive and encapsulation applications. A goal has been
established to build future programs with an absolute minimum of hazards and risks
to workers and the environment. One of the target materials prohibited from future use
is toluene diisocyanate (TDI) which has a TLV and PEL of 0.005 pp.m with a short
term exposure limit of 0.02 ppm. Target organs are the skin and respiratory system.
This material is also a sensitizer which can lead to acute asthmatic reactions. Some
individuals have become sensitized on their first exposure to this substance. TDI is
also listed as a suspect carcinogen by the National Institute of Occupational Safety and
Health (NIOSH).

The polyurethane encapsulants that are currently being used have residual free TDI
levels as high as =12%. Alternate polyurethanes are being evaluated that will reduce
the level of TDI to below 0.1%. At this level, TDI cancer warning labels do not
appear on the MSDSs or on the prepolymer containers. In addition, these
polyurethanes are considered to be TDI-free by both OSHA and DOT standards.

Two prepoiymers are under evaluation that contain a reduced level of free TDI and no
free TDI, Airthane PET-90A, manufactured by Air Products and Chemicals,
Incorporated, and Halthane 88, manufactured at the Kansas City Division,
respectively. An in-depth presentation and discussion of the characterization results
for these two candidate materials will be given but in brief the data indica_Lesthat both
of the alternate prepolymers are promising replacements for the currently used
polyurethane encapsulants. Data presented will include processing, physical,
electrical, thermal, and adhesive properties.

There are two types of polyurethane encapsulants currently used at the Kansas City
Division. The first type is represented by EN-7 and EN-8 from CONAP, Incorporated

• which are based on TDI and polybutadiene. EN-7 and EN-8 are the same materials
that have different cure rates because different levels of catalyst are used. The second
type is represented by Adiprene L-100, from Uniroyal Corporation, and RN1501,

" also from CONAP, Incorporated. These two prepolymers are used as alternates for
each other and are both based on TDI and polytetramethylene ether glycol (TDI-
PTMEG). A TDI concentration of approximately 0.12% has been measured for
RN1501 and approximately 12.5% has been measured for EN-7 and EN-8. The
MSDS for L-100 lists a free TDI concentration of < 0.2%.

L-100 and RN1501 are cured with Cyanacure which is an amine curing agent that has
been discontinued by its manufacturer, American Cyanamid. These prepolymers were
previously cured with MOCA (4,4'-methylenebis-(2-chloroaniline)) but health



concerns with MOCA lead to Cyanacure being used as a replacement. Cyanacure is
the only material allowed for use with L-100 and RN1501 at the Kansas City
Division. An alternate curing agent, Ethacure 300 from Ethyl Corporation, was
determined from a previous study to be the best alternate curative for Cyanacure.

" Halthane 88 is a non-TDI containing polyurethane that has been used primarily for
adhesive applications. H-88 is based on 4,4'-dicyclohexylmethane diisocyanate and
polytetramethylene ether glycol (H 12MDI-PTMEG) with a nominal NCO content of
5.1%. H-88 is typically cured with Asilamine (see Figure !.) and is used for adhesive
applications.

i
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Figure 1. Asilamine--4,4'-methylenebis-2,6-dialkylaniline (R=ethyl and/or
isopropyl)

PET-90A is a TDI and polytetramethylene ether glycol (TDI-PTMEG) based
polyurethane with a nominal NCO content of 3.5%. The Airthane prepolymers are
manufactured to give a very high percentage of the 2:1 adduct of the isometric mixture
of 80:20, 2,4-:2,6-TDI and PTMEG. Conventional prepolymer technology produces
a greater number of uncharacterized higher oligomers (typically >25% of 3:4, 4:3,
5:4,...) whereas the Airthane manufacturing technique produces prepolymers that
have very low oligomer content (>90% 2:1 adduct) and a residual TDI content of
approximately 0.04 to 0.08%. The advertised processing advantages of the Airthane
process are lower toxicity, lower viscosity, longer pot life, quicker demold, and broad
processing latitude. Other advantages include improved dynamic behavior, adhesion,
and high-temperature performance.

A comparison of the physical properties (see Table 1) reveals several differences in
properties; nevertheless, the candidate alternates could serve as suitable replacements
for the baseline encapsulation materials. Other testing indicates EN-7 and EN-8 have
slightly superior electrical properties than thecandidate alternates.

Table 1. Physical Pro?erty Comparison
Prepolymer RN1501 RN1501 EN-7 PET-90 H-88 .........H-88

Curative MOCA Cyana --- E-300 E-300 Asil
Stoichiometry, % 85 85 100 95 95 95_ _

CIE, ppm/°C 209 210 168 228 187 191Q

Hardness, Shore A 95 96 94 87 85 98

Tensile Strength, psi 4375 3419 1935 4363 2478 5064

Elongation, % 350 516 440 468 806 552

Tear Strength, pli 393 465 295 435 34(i) 482

Tg, °C -36 -43 -77 -64 -67 -72,,

A comparison of the shear storage modulus behavior (see Figure 2) indicates similar
behavior for ali the polyurethanes except when compared with EN-7 and EN-8.
EN-7 and EN-8 exhibit a marked decrease in modulus with increasing temperature
above approximately room tempera,'_:re. The other materials behavior is more



desirable because they are better able to resist sagging and creep at higher exposure
temperatures.
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Figure 2. Shear Storage Modulus Of Various Polyurethanes At Stoichiometries
Indicated.
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Further work on this project will include additional adhesive strength characterization
against various substrates. In addition, catalysts will be evaluated to obtain greater
processing flexibility and more suitable pot life behavior.
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