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ABSTRACT

Regulations are continually being passed which limit
the volatile organic content of elastomer coating systems.
Because of this, high solids, two-component spray elas-
tomers and coatings are attaining increases in market in-
terest and sales volume. As this interest grows, the
research and development effort focuses on newer and bet-
ter polymer materials. The development of 100% solids
aromatic polyurethane elastomer systems has shown
promise with respect to the VOC issues. Recently, a fur-
ther refined 100% solids spray elastomer system, based on
polyurea RIM technology, has also been demonstrated.
These systems, like polyurea RIM materials, are based on
aromatic 1SOC_‘yandwb, aromatic amine chain extenders and
amine-terminated polyether resins. In order to take full
advantage of the leading edge polyurea elastomer technol-
ogy, 100% solids aliphatic polyurea elastomer systems
have been developed Amine-terminated polyether resins
along with aliphatic isocyanates are incorporated into this
next generation of spray elastomer materials.

Aliphatic spray polyurea elastomer systems, like the
aromatic polyurea elastomer systems, require no catalysts
and are extremely fast in reactivity and cure. Due to this
fast reactivity and cure, these systems are virtually unaf-
fected by moisture during processing. Application of the
aliphatic polyurea systems is also possible in a variety of
temperature ranges with little affect on the reaction pro-
file and cure. Any VOC standards or regulations are easily
complied with due to the 100% solids characteristic. Ex-
cellent elastomer physical properties are also noted at
varied temperature ranges. Obviously, spray elastomer
systems based on this allphatlc po]yurea technology are
good candidates for both coating and noncoating-type ap-
plications. Recent advances in the aliphatic spray poly-
urea elastomer technology will be discussed in this paper.

INTRODUCTION
'l oating applications, elastomer systems with good
A mechanical proper ties are i‘etjuueu so as to insure ex-

tended serviceability of the product. In addition to the
good mechanical properties, the coatings must be stable to
their exposed environments. Not only is the performance
of the elastomer system important, but the material
should be able to be easily applied in a variety of condi-
tions and give comparable performance. It would also be of
major importance that the elastomer system not release
anything into the environment. Recent advances in two-
component spray elastomer technology have yielded a new
development which addresses these concerns [1,2]. This
new, leadmg edge technology mcorporates polyoxyalky
lene diamines and triamines rather than high perfor-
mance polyols and catalysts. Both aromatic and aliphatic
isocyanates can be used to prepare this new technology,

spray polyurea elastomer systems.

CHEMISTRY AND CONCEPT

Polyurethanes were some of the first polymers to be used
in two-component spray elastomer applications. For the

nalvnrathane elastomer sustame. hich nerformance noly.
poiyureinang €iasicmer sysiems, nign perigrmance po:y-

ether polyols, glycol type chain extenders and catalysts are
used. For the polyurea elastomer systems, polyoxy-
alkylene amines and amine terminated chain extenders
are used. One of the key advantages of the spray polyurea
elastomer technology is that no catalyst isrequired. A rep-
resentation of the polyurethane and polyurea technology
can be seen in Figure 1.

The primary amine/isocyanate reaction in the spray
polyurea elastomer system is normally very fast, proceed-
ing to completion within a few seconds without any cata-
lysts. This is even the case for the aliphatic isocyanates
which usually require high catalyst levels with the
polyurethane elastomer technology. The fast reaction of
the polyurea elastomer technology is very consistent and
pi‘edLCbablc unlike p(‘u_y urethane systems which uepenu on
the life of a sensitive catalyst package for reactivity.

The key advantages of the spray polyurea elastomer
technology as in the JEFFAMINE® polyetheramines from
Texaco Chemical Co. These products are amine terminated
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polyethers, generally having polyoxypropylene backbones.
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Figure 1.

These materials find use in the aliphatic spray polyurea
elastomer technology as both the soft-block and chain ex-
tender portion of the system [3]. A listing of the commonly
used JEFFAMINE® polyetheramines can be found in
Table 1.

The isocyanate component of this emerging technology
is a soft-block quasi-prepolymer based on aliphatic iso-
cyanates. In the quasi-prepolymer preparation, the poly-
oxyalkylene amines are used as the soft block portion
rather than siower reacting poiyols. No catalysts or heat-
ing is required in the preparation of these polyurea iso-
cyanate quasi-prepolymers. After preparation, these iso-
cyanate quasi-prepolymers are ready for use and stable for
extended periods of times. Table 2 gives a comparison of
the isocyanate content of three selected polyurea iso-
cyanate quasi-prepolymers. MTetramethylxylene diiso-
cyanate (mTMXDI®) from American Cyanamid was used
in the isocyanate quasi-prepolymer preparations. It should
be noted that by using a polyurea isocyanate quasi-pre-
polymer with the amine based resin system, 100%
polyurea elastomer systems are produced.

A wide variety of aliphatic spray polyurea elastomer
material are possible, ranging from soft elastomer to hard
polymers. This is accomplished by varying the soft block
content in the isocyanate quasi-prepolymer and the amine
chain extender in the resin blend. Formulation work is
easily done so as to maintain an isocyanate component to
resin component volume ratio of 1 to 1. These systems can
also be formulated to give excellent reaction injection
molding (RIM) systems. However, RIM applications will
not be discussed in this presentation.

Table 1. JEFFAMINE® polyetheramines.

Approximate

Functionality Molecular Weight
JEFFAMINE T-5000 3 5000
JEFFAMINE T-3000 3 3000
JEFFAMINE D-4000 2 4000
JEFFAMINE D-2000 2 2000
JEFFAMINE T-403 3 400
JEFFAMINE D-230 2 230
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Table 2. Aliphatic isocyanate quasi-prepolymers.

Isocyanate Content, mea/q

Calcutated Preparation’ 6 Months?
Soft 2. 252 2.50
Medium 3.84 3.69 367
Hard 4.86 4.83 4.80

'One hour after preparation.
Storage over dry nitrogen pad.
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Plastic Trends [4], some consideration must be given to the
processing equipment. Due to the fast reaction rates, con-
ventional static mix, solvent flush equipment cannot be
used. In order to insure good mixing and fast dispersion of
the material, impingement mixmg by high pressure, two-

component spray equipment is required. This is very simi-

lar to the impingement mixing technique used in the RIM
process. Use of relatively low cost, commercially available
high pressure proportioning units, coupled with either
spray or pour guns available from GUSMER® Corp., opens
up many opportunities for the aliphatic polyurea
elastomer technology. An illustration of the impingement
mix system can be found in Figure 2.

Usmg this spray equlpment elastomer output ranges
from 2.0 to 11.8 Kg‘S/i‘ﬂin are easny obtained. opray cover-
age ranges from 20 to 61 cm, in either fan or round spray
patterns. Processing of the aliphatic systems in this equip-
ment must be done at high temperature and pressure. Typ-
ically, these systems are processed at 60°C to 71°C with
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TECHNOLOGY

As previously discussed, spray polyurea elastomers
result from the high pressure impingement mixing of a
soft block 1socyanate quasi- prepolymer based on ahphatlc
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Figure 2. GX7 spray gun impingement mixing process (courtesy of
Gusmer, Lakewood. NJ, U.S.A.).
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etheramines and amine chain extenders. These highly
reactive nolvureﬂ elastomer systems again require no cat-
alysts. Due to the fast reaction rates and cure of the
polyurea elastomer systems, sloped or verticle surfaces
can be sprayed without forming runs or drips. Surfaces can
be walked on within seconds after spraying. This fast, pref-
erential reaction of the polyetheramines compared to
hydroxyl materials yields spray polyurea elastomer
systems which are relatively insensitive to moisture dur-
ing processing. While processing an aliphatic spray
polyurea elastomer system, damp substrates were sprayed

upon i in nrﬂnr to avn]nain nr]hnen\n nr}r‘ moisture e nﬂ‘nnfe on

the resulting polymer. No elastomer foaming was noted in
the polyurea system while moderate elastomer foaming
was noted in a comparable polyurethane system.

Processing was also performed during periods of rela-
fnrn]v hich humiditv -~ 889% Fartha v\n]vnrhfh ane svatom

tively high humidity, >85%. For the polyurethane system,

elastomer foaming was noted when processed at an index

range of 1.00 to 1.20 using the variable ratio capability. No

elastomer foaming was noted in the polyurea system pro-

(n:‘essed under similar conditions. This can be illustrated in
Honivra 2

Figure 3.

Processing of the spray polyurea elastomer systems can
also be done under low ambient temperature. Systems
have been applied to substrates with temperatures of less
than —28°C giving the same reactivity and cure as when

anraved auihotvrataa ot tomnaratiir nd als
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elevated temperatures. For processing at low ambient tem-
peratures, the supply material to the spray unit must be
heated to insure good supply to the spray equipment.

As mentioned previously, soft elastomeric to hard
polymer systems can be obtained, suggesting wide for-
mulation flexibility of the polyurea elastomer systems.
Since these aliphatic polyurea elastomer systems are
100% solids and processed at a 1:1 volume ratio, the range
of elastomer systems hardness is affected by the compo-
sition of the soft block quam prepmymer isocyanate The
particular quasi-prepolymer utilized determines the con-
tent of the amine chain extender in the resin blend. The
aliphatic isocyanate content in the quasi-prepolymer and
the chain extender level determine the elastomer’s hard
block content. The soft block content arises from the poly-
etheramine in the quasi-prepolymer plus the high molecu-
lar weight polyetheramine content of the resin. Table 3
gives the physical properties of selected aliphatic spray
polyurea elastomer systems over a range of material hard-
ness. Note that the effective gel times of the soft polyurea
elastomer systems are slower than those of the harder
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Figure 3. Polyurea vs. polyurethane—humidity effect on elastomer
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Density, g/cc

Table 3. Aliphatic spray polyureas.

INDEX 1.00 1.00 1.05 1.05
iso/Res volume ratio 1.00 1.00 1.00 1.00
iso/Res weight ratio 1.05 i.07 1.10 1.10
Hard Block, % 38.8 48.7 58.3 65.5
Effective “‘gel” time, sec 5.0 3.0 2.0 1.5

Tensile strength, MPa 3.76 7.52 6.59 1.4
Elongation, % 319 319 327 111
Tear strength, N/m* 9.4 45.5 48.7 58.5
Shore D hardness 26 37 46 51
100% modulus, MPa 1.65 3.61 4.78 9.47
' x 1000.

nolviiras enrav elastamars Thigsis dua to the Iowe
poiyurea spray €:asStomers. 11i1s 18 Que o tne 10we ratic of

the polyetheramine chain extender to the high molecula
weight polyetheramines in the resin component. Also note
the change in the polymer hard block content.

wer ratic of

Water Absorption

The fast reactivity of the aliphatic spray polyurea
elastomer systems leads to excellent moisture insen-
au,xvu._y diii"li’is pracessmg as discussed earlier. The
aliphatic spray polyurea elastomers also have excellent
moisture insensitivity as illustrated by water absorption
in the polymer. This is due mainly to the polypropylene
glycol backbone of the JEFFAMINE® amines. This can
best be illustrated in the form of water dusor‘ptiomu eeze-
thaw cycle testing on the aliphatic spray polyurea elas-
tomer systems. It should be noted that these systems all
used the polyetheramine chain extenders and high
pressure, high temperature impingement mixing. Results

can DB munu lIl. .ld.Dle ‘}

Low Temperature Properties

in addition to the excellent range of room temperature
physical properties, aliphatic spray polyurea elastomer
systems also have excellent low temperature physical
properties. Two selected aliphatic spray systems, with one
system being pigmented, were tested at 25°C and —20°C.
These systems were based on isocyanate quasi-
prepolymers of mTMXDI® and JEFFAMINE® amines
with resin blends using the low molecular weight

polyetheramines as chain extenders. This data is pre-
sented in Table 5.

Table 4, Water absorption/froaza-thaw cuclas
208 4, YYaler adsorpuon/iresze-thaw Cycies

(spray polyurea elastomers).

immersion’ Freeze/Thaw?

wt, % t, % wt, % t, %

Aliphatic,® unpigmented 3.77 1.40 4.76 3.20
Aliphatic,® pigmented* 3.14 1.19 3.82 2.60
Aliphatic, solid 0.38 <1.0 0.54 <10

IIHHIUISIUH dat 43 \./
29 freezefthaw cycles.
*Sprayed samples microcellular.

AT amiin i i i o e 1 10% weigh
Titanium dioxide wglnr;ln 10% weight.
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Table 5. Low temperature properties (aliphatic spray polyurea).

Table 7. Aliphatic spray polyurea (QUV weatherometer testing).

Pigmented’ Unpigmented
25°C —20°C 20°C —20°C
Tensile strength, MPa  8.93 11.5 8.58 10.8
Elongation, % 420 350 480 350
Tear strength, N/m? 43.8 5 36.8 106
Shore D hardness 36 — 38 —

2% titanium dioxide, by weight.
*x 1000

It is interesting to note that these low temperature phys-
ical properties are quite good Elastomer green strengths

are aleso much hattor than in the nnlvnvafha'nn aystams
are ais¢c mucn vevler tnan in ne poiyureinane sysiems

and even the aromatic polyurea systems. This is due to the
relative softness of the hard block materials, mTMXDI®
and the polyetheramine chain extenders. Note that the
chain extenders used, JEFFAMINE® T-403 and D-230, are

vory comnatible with the soft bhlock nortion of the recin
Very compatio:e witn i€ SOil 0:0CK poruodn oOf ine resin

and isocyanate quasi-prepolymer. This is unlike the aro-
matic amine chain extenders used in the aromatic spray
polyurea elastomer systems, indicating that possibly
phase separation of the hard and soft blocks in the poly-

nt ac writh tha atie avatame [1 91
mer is not occurr Jus as wWilnl tne ardomaric sysvems 11,45

In an independent study, samples of steel, concrete and
asphalt were coated with an aliphatic spray polyurea
elastomer. These samples were then sprayed for 30 seconds
with a stream ofliquid nitrogen( 196°C) at a distance of
36.5 cm from the surface with no damage occurring. When
the distance was shortened to 10.2 cm, slight crazing of the
elastomer was noted on the concrete and steel samples. No
damage occurred on the asphalt sample. When the con-
crete coated sample was dropped from a distance of 1.8
meters, the concrete shattered but the aupuatic pmy urea
elastomer coating was undamaged and held the broken

concrete pieces together [5].

UV Stability

Since no catalysts are present, excellent retention of
elastomer physical properties is seen with the aromatic
polyurea systems. While surface yellowing and discolora-
tion can be noted, chalking and cracking are not present.
For UV testing, a QUV Weatherometer was used fitted
with UVB-313 bulbs. Testing was performed using a con-
tinuous light source, no cycling, with a cabinet tempera-
ture of 50°C. Table 6 gives selected physical property
results both before and after 3871 hours of exposure.

As stated previously, the aliphatic spray polyurea
elastomer systems would be excellent candidate systems
for outdoor applications. As with the aromatic spray

Table 6. Aromatic spray polyurea (QUV weatherometer testing).

Initial After 3871 hours'
Tensile strength, MPa i3.6 13.5
Elongation, % 137 110
Tear strength, N/m (x 1000) 76.2 84.2
Shore D hardness 59 63

‘Continuous using UVB-313 bulbs.
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Ti-Pure® R-900 10.0 20.0
Tensile strength, MPa 4.53 8.89
Elongation, % 398 338
Tear strength, N/m (x 1000) 18.9 529
Shore D hardness 22 46
100% modulus, MPa 1.45 5.38
300% modulus, MPa 3.31 8.03

Light Stability
QUV weatherometer, 5280
hours, UVB-313 bulbs,

visible changes little none

a ave been
poiyurea e:a aviC systems nave deer

subjected to sxmllar QUV Weatherometer testing. In thi

case, two systems were evaluated which contained load-
ings of titanium dioxide. Little to no visual color change
was noted in these samples after 5280 hours of continuous

avnacura at BN°0C Wlactamer nhuoical nranarty roanlts can
EXPOoSUre av ov L. Liastomer paysifa: properiy resuiis an

be found in Table 7.
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Cycloaliphatic Amine Chain Extenders

Aliphatic spray polyurea elastomer systems have also
been demonstrated which incorporate cycloaliphatic di-
amine chain extenders. Two examples which have shown
excellent results are 1 4—diaminocylcohexane (1,4-DCH)
and 1sopuarﬁne diamine (IPDA) {6]. These diamine chain
extenders give similar processing to the polyoxyalkylene
amine extended aliphatic polyurea elastomer systems.
Elastomer physical properties are also very good. A com-
parison of the cycloaliphatic diamine chain extended

s dm Al TRTMTA RATATITR ot o - d AN o h can
b_ybtelllb to the !JEAI‘ FANILNL®Y amifne extenaeda syswems can

be found in Table 8.

Note that the hard block content decreased as the
cycloaliphatic diamine chain extenders were incorporated.
This is due to the fact that the same isocyanate quasi-
prepolymer was used in each example and the equivalent
weights are lower for the cycloaliphatic diamines. The

Table 8. Cycloaliphatic diamine chain extenders
(aliphatic spray polyurea elastomers).

JEFFAMINE®
Amines' 1,4-DCH? IPDA?
INDEX 1.05 1.05 1.05
Iso/Res volume ratio 1.00 1.00 1.00
Iso/Res weight ratio 1.07 1.08 1.08
Hard block, % 48.7 337 379
Effective "'gel” time,
sec 2.0 1.5 1.5
Tensile strength, MPa 6.56 6.90 6.45
Elongation, % 391 664 357
Tear strength, N/m 38.2 43.9 53.6
Shore D hardness 40 31 44
100% modulus, MPa 2.90 2.86 5.26
300% modulus, MPa 4.9 412 6.14

'Blend of JEFFAMINE® T-403 and JEFFAMINE D-230.
1,4-Diaminocylcohexane.
Ylsophorone diamine,




Table 9. Advantages of aliphatic spray polyurea elastomers.

* Fast, consistent reactivity and cure
* Two-component, 100% solids

* Reiative water insensitivity

* Excellent physical properties
Wide formulation flexibility

Easily pigmented

Easily processed

volume ratio was also being maintained at 1:1, isocyanate
to resin.

As one can observe, the aliphatic spray polyurea elasto

m mitloace da of ati
mers have y’\)t\,utxul for limitless Gaegrees o1 ayllu\,aujuu

and versatility. The advantages of the aliphatic spray
polyurea elastomers will widely revolutionize the spray
industry. The two-component, 100% solids aliphatic for-
mulations address many VOC issues. The fast, consistent
reactivity yields many advantages in processing over con-
ventional catalyzed polyurethane elastomer systems.
Although not discussed here, reinforcements can also be
incorporated into the aliphatic polyurea elastomer
systems as easily as with the aromatic spray polyurea

alactncnnn daalea il oo | MO sona hasr

€1astomer u:v.uuulug_y These duvaul,d.gt:b have been sum-
marized in Table 9.

The exceptional properties, processing characteristics,
toughness and processing freedom afforded by the ali-
phatic spray polyurea high performance elastomers are
very appealing to consumers. The amorphous, non-crysial-
line nature of the polyurea elastomers, as compared to
polyurethanes, allows for broader processing and perfor-
mance latitudes. Formulations producing anything from
soft elastomers to stiff, hard elasto-plastic aliphatic
systems have been developed. The aliphatic spray poiy-
urea elastomer technology is truly a leading edge technol-
ogy and an applicator’s dream material.
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