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"F HE DEVELOPMENT OF two-compo-

nent spray elastomer and coating
systems has been an active field of re-
search and interest for many years. Re-
search into typical polyurethane sys-
tems has evolved to high-performance,
100-percent-solids polyurethane elasto-
mers based on reaction injection mold-
ing (RIM) technology. Further evolu-
tion brought forth two-component
spray elastomer systems incorporating

hit 1 Ie amina
high-molecular-weight polyols, amine

chain extenders and amine catalysts.
Refinements in spray application equip-
ment made processing of these high-
performance materials possible. Recent
development of polyurea RIM has pro-
duced a new evolution in spray elasto-
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Figure 2. Polyurea.

mer technology. Polyoxyalkylene diam-
ines and triamines have replaced the

puryura, amine chain extenders are util-

ized; and catalysts have been elimi-
nated. This leading edge technology

This leading edge technol
gives rise to versatile hlgh performance
elastomer systems herein referred to as

spray polyurea elastomers.
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Some of the first polymers used in
two-component Spray processing were
polyurethanes. These systems consisted
of polyether polyols, glvcol chain ex-
tenders, catalysts and aromatic polyiso-
cyanates. The need for higher-perform-
ance elastomer materials, coupled with

new advances in RIM technology,' re-
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placed the current technology with poly-
urethane/urea spray elastomer systems.
These systems consist of polyether po-
lyols, diamine chain extenders such as

diethyltoluenediamine (DETDA), cata-

lysts and aromatic polyisocyanates (See
Figure 1). Showing improvements over
polyurethane technology, these polyur-
ethane/urea spray elastomer systems
seemed to satisfy the needs of the in-
dustry. As RIM technology evolved to
polyurea RIM materials, developed at
the Austin Laboratories of Texaco

2 10
Chemical Co. so has the two-com-

ponent spray elastomer technology."
Two-component, 100-percent-solids
spray polyurea elastomer systems seem
to be just on the horizon.

Polyureas are defined as polymers
formed by the reaction of isocyanates
with primary or secondary amine-ter-
minated materials, wherein the linkages

s
thus formed are urea groups (See Fig-

ure 2). These systems consist of the key
ingredient, JEFFAMINE polyethera-
mines, diamine chain extenders such as
DETDA and aromatic polyisocyanates.
It is important to note that in spray po-
Iyurea elastomer systems, polyether po-
Iyols are replaced by polyether polyam-
ines. Also, no catalysts are used in the

1
spray polyurea elastomer technology.

This evolution of the two-component
spray elastomer technology is summa-
rized in Table 1.

The amine/isocyanate reaction in the
spray polyurea elastomer systems is
normally very fast, proceeding to com-
pletion within a few seconds without
any catalysts. Typically, working times

3 ’ 1 than the
or °ys{em 5v} times’’ are less t tnan three

seconds. This fast reaction is very con-
sistent and predictable, unlike many
fragile systems which depend on the life
of a sensitive catalyst package for reac-
tivity.

The key to the advantages of the
spray poiyurea eiastomer technology is
in the JEFFAMINE polyetheramines

el A
from Texaco Chemical Co. As men-

tioned previously, the products are
amine-terminated polyethers, generally
having polyoxypropylene backbones.
Suitable JEFFAMINE amines for use in
spray polyurea elastomer technology in-
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clude, but are not limited to, those pre-
sented in Table II.

The isocyanate component of this
emerging technology is a soft block
quasi-prepolymer based on methylene
diphenyl diisocyanate. In the quasi-pre-

noalvmer nrenaration. hiech-molecular-
polymer preparation, nigh-mo:ecuiar

weight, high-performance polyether
diols and/or triols are used. JEFFAM-
INE polyetheramines have also been
used as the soft block constituent in the
MDI quasi-prepolymer. However, high
pressure mixing and caution should be
exercised in their preparation. A variety
of spray polyurea materials are possi-

ble, raneine from soft elastomers to
vie, ranging irom soft elastomers

hard polymers, by varying the soft
block content in the quasi-prepolymer
and the amine chain extender in the
resin, maintaining an A-component to
B-component volume ratio of 1:1.
Sp.ray Equipment

order to process this new technol-

ngy some congsideration should be cnvﬁn

1IC CONSIQ

to processing equipment. Due to the
fast reaction rates, conventional static
mix, solvent flush equipment cannot be
used. In order to insure good fixing and
fast dispersion of the material, im-
pingement mixing by high-pressure,
two-component spray equipment is re-
quired. This is very similar to the im-

pingement 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 Gus-
mer Corp., opens up many opportuni-
ties for polyurea elastomer materials
outside of moided RiM paris. An illus-
tration of the impingment mix system
can be found in Flﬂl“‘f-‘ 3.

Recently, newly designed Gusmer
variable ratio H-2000 spray equipment
has been made available. This new fea-
ture allows for broader formulation
flexibility in the polyurea elastomer
technology. This equipment has also af-
forded the opportunity to study the ef-
fects of varying ratios on the processing
and performance of a given spray po-

lyurea elastomer system.
Technology

As previously discussed, spray poly-
urea elastomers result from the high
pressure, impingement mixing of a soft
block quasi-prepolymer based on MDI
with a resin component made up of po-
lyetheramines and amine chain extend-
ers, to yield this highly reactive elasto-
mer system. Elastomers with excellent
physical properties result from these
self-catalytic systems. A comparison of

a typical spray polymer elastomer sys-

JEFFAMINE T-5000
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JEFFAMINE T-3000
JEFFAMINE-D-2000
JEFFAMINE T-403
JEFFAMINE D-230

Functionality

RO R NG

Approximate
moiecuiar weight
. 5000
- 4060
3000
2000

*JEFFAMINE is a registered trademark of Texaco Chemical Co.
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It should be noted that for both the
polyurethane and the polyure-
thane/urea, catalysts are required to
promote the reaction of the hydroxyl

materials in the resin with the quabl-

prepolymer of MDI. Catalysts consisted
of a tertiary amine, TEXACATE TD-
33A, and a tin catalyst, T-12. The green
strength of the polyurea elastomer sys-
tem was superior to those of the other
two. In addition to these reported phys-
ical properties, it has been well known
that polyurea materials have superior

Illgll LClllpCl dLLlIl: pcl lUl marnce Over
polyurethane, polyurethane/urea and

Figure 3. GX7 spray gun from Gusmer
Corp.

DETDA
22
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polymers. Also, elastomers
prepared from JEFFAMINE polyether
amines would have better hydrolytic re-
sistance compared to systems based on
polyether polyols.

Due to the fast reaction rates and
cure of the polyurea elastomer systems,
sloped or vertical surfaces can be
sprayed without forming runs or drips.
Surfaces can be walked on within sec-
onds after spraying and in the case of
open-mold spray production, parts can
be stacked without fear of sticking to-
gether. This fast, preferential reaction
of the polyether amine and amine chain
extender compared to hydroxyl materi-
als yields spray polyurea elastomer sys-
tems which are relatively insensitive to
water during processing. While process-
ing of the system described in Table III,
damp substrates were sprayed upon in
order to evaluate adhesion and mois-
ture effects on the resulting polymer.
No elastomer foaming was noted in the
polyurea elastomer system while slight
and moderate elastomer foaming was
noted in the polyurethane/urea and
polyurethane systems respectively.

Processing was also performed dur-
ing periods of high relative humidity,
> 85 percent. For the polyurethane sys-
tem, 1,4-butanediol extender, elastomer

foaming was noted when processed at




Density, g/cc
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an index range of 1.00 to 1.20 using the
variable ratio capability. No foaming
was noted in the polyurea system proc-
essed under similar conditions. This can
be illustrated in Figure 4.

As mentioned previously, soft elasto-
meric to hard polymer systems can be
obtained suggesting wide formulation
flexibility of the polyurea elastomer
systems. Since these polyurea elastomer
systems are 100 percent solids and proc-
essed at a 1:1 volume ratio, the range of
elastomer systems hardness is affected
by the composition of the soft block
quasi-prepolymer isocyanate. The par-
ticuiar quasi-prepoiymer utilized deter-
mines the content of the amine chain
extender in the resin. The MDI content
in the quasi-prepolymer and the chain
extender level determine the elastomer’s
hard block content. The soft block con-
tent arises from the polyether polyol or
polyether amine in the quasi-prepoly-
mer plus the polyether amine content of
the resin. Tabie IV gives the physical
properties of selected spray polyurea

alactnmar cuctame nvar a ranca Af ma_
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terial hardnesses. Note that the effec-
tive gel times of the soft polyurea elas-
tomer systems are slower than those of
the hardener polyurea spray elastomers.
This is due to the lower ratio of the
amine chain extender to the polyether
amines in the resin component. Aiso
note the change in polymer hard block

onntant
LU,

vuraa alactny

-

It has also been demonstrated that

spray polyurea elastomer
systems can be prepared and still yield
excellent physical properties. Incorpo-
ration of modified amine chain extend-
ers in the spray polyurea elastomer sys-
tems slows down the effective gel times
and allows for a wider application win-
dow. Exampies of these modified amine
materials are UNILINK 4200 from

ITAD Charn N NI/ _higftartiarvhiéul)_
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ethylenediamine from Virginia Chemi-
cals and ETHACURE 300 from Ethyl
Corp.'"*" These materials are depicted in
Figure 5. Spray systems were developed
on the basic formulation with an iso-
cyanate quasi-prepolymer of ISONATE
143L and THANOL SF-5505 at a 60:40
weight ratio. For the resin side, a blend

AP JEFFAMINE T-5000 and METNA
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was used at a 66:44 weight ratio. Ex-
amples of each of these amine chain ex-
tenders in this spray polyurea elastomer
system are given in Table V. The vitri-
fication of the spray polyurea elastomer
system is slowed by the first two mate-
rials while the reaction between the

A




chain extender and isocyanate as well as
the vitrification is affected by the
ETHACURE 300.' Note in Table V
that the secondary aliphatic amine chain
extender, N,N’-DTBEDA, has adverse
effects on the heat stability of the po-

Tvuraa alactamer acg indicated hv naoor
yurda S:asSitCiicy as inailaicd o0y ploT

heat sag values in comparison to the
other aromatic amine chain extenders.

The incorporation of increasing
amounts of modified amine chain ex-
tenders relative to the DETDA content
yields slower systems that can be proc-
essed either by spray or pour tech-
niques. Complete replacement of the

DETNDA with thaca madifiad aminsa
A 0 a asix Wiad ol MMIUUITICU alliiige

chain extenders gives systems with ex-
tremely slow gel times compared to the

lower Spray Polyurea Elastomers Based on DETDA

‘:T?DETDA replacement %‘
Ise/Res_vol. ratio
iGel time, sec

 Elastomer Physical Properties

Tensile strength, psi
Elongation, % 120
Tear, pli 405
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~ Fiexural moduius, psi

- 2B°C IR

 70°C (158°F)
L.29°C (- 20°F)

~ Heat sag, mm
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Geltime, sec -
Surface tack free, sec
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2570 |
70°C

—29°C

Abrasion resistance, wt loss mg

{1000 gm, 1000 rev; H-18 wneels)
MVT, perms at 30 r1r\i mil

Water absorptnon % wt ga
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so/Res wt.ratio ,
Fillerin Polymer, % .

Tedr, pli

mpact, notched, ft.lbs/in
Abrasion resistance, wt loss mg
(1000:.gm; 1000 rev, H-18 wheeis)
Heat sag, mm

150:mm - 250°F/60 min

150'mm - 311°F/60 min
omple

Unilink Ethacure : -
4200 N,N‘.DTBEDA 300
L e b

1920

Table VII Spray Polyurea Elastomers ncorporatmg Snzed
» Mmeral Particles

1.00 - 1.00

515
57

70705
42940
1165000
343 0
280

40
18.5

all-DETDA extended spray polyurea
elastomer systems. An example of a
spray polyurea elastomer system utiliz-
ing UNILINK 420 as the chain extender
can be found in Tabie Vi. Note that
while this system is much slower than

tha othar enrav nolvirea slactamere dico
tne OIndr spray poiyuréa €:asiomers Gis

cussed (Tables III, IV and V) elastomer
physical properties are very good. This
has also been demonstrated with the
other discussed amine chain extenders
giving similar results.

Added reinforcement can also be in-
corporated into the spray polyurea elas-
tomer technology by two methods. It
hac hean demanctrated that WOT T AS.

aas OCCI GUINIVNSI ATl Lidr VW /s

TOKUP 10012, aminosilane-treated
wollastonite from NYCO, can be incor-
porated in the resin side of the polyurea
elastomer systems with no adverse ef-
fects on system processing.” Flake or
milled glass as well as other reinforcing
fillers can be incorporated. Internal
mixing components made of carbide
were ingtilled to eliminate deterioration
of the spray equipment. An example of
this application is illustrated in Table
VII. Note that while elastomer elonga-
tion was lowered, improvements were
noted in elastomer stiffness and heat sag
characteristics. Note also the improve-
ment in elastomer abrasion resistance.
Use of sized calcium metasilicate im-
proves the adhesion of the nolvmer ma-

€S 10C aChCsion OF 11C POIYINCT 1A

terial by forming a chemical bond to the
filler material. This system had a gel
time of 1.8 sec.

Another method of providing rein-
forcement is by use of a glass chopper
and externally adding chopped glass
roving into the spray patiern of the po-
lyurea elastomer systems.'® Due to the
fast reactivity of the polyurea elastomer
technology, there is no time to roll the
glass into the polymer material, as is
done with polyester type systems. How-
ever, sufficient wet-out of the chopped
glass roving is obtained to yield im-
provements in key physical properties.
Table VIII depicts a spray polyurea
elastomer system with a gel time of 2.5
secs |nr'nrnnrahna the FIRERGI.ASS

roving from Owens/Corning. Chopped
glass roving has been successfully incor-
porated into a variety of spray polyurea
elastomer systems at lengths of 0.25 to
1.25 ins. The shorter chop, 0.25 to
0.625 ins., seems to laydown better than
the longer chop lengths. Glass incorpo-
ration content is also higher with the

shorter chon lenoths

........... OpP CHgLISs.

The technique of incorporating filler
material in the spray polyurea elasto-
mer system could be useful in the pro-
duction of small automotive parts and
other applications of spraying into open

yYi
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molds. The fast reactive rates, cure and
superior physical properties could yield
high producitivity with minimal equip-
ment investment. Reactive dyes from
Mﬂhl{pn nieoments from Sun Chemical

............ PLIEMICILS

Corp. and PDI and other filler type
materials can easily be incorporated into

this spray polyurea elastomer technol-
ogy.

UV Stability
Si

ince no catalysts are present, excel-

lent retention of elastomer phy51cal
properties can be noted with the aro-

Glass content, %'
Tensile strength, psi
Elongation, %

Tear, pli

Hardness, Shore D, 0'sec
Flexural modulus, psi

25°C
70°C
=290C
Heat - Bag; mm
150 mm - 2502 F/60 mi
160 mm - 3112 F/60 mi

TR §ox pibn it i )
Wied i CRORPREG: G

2Complete sag

ass

Tensile:strength, psi
Elongation, % g
Tear strength, pli
Hardness; Shore.D, 0 sec

I1l. Spray Polyurea Elastomers Contammg Chopped
Glass Roving*

*@Glass incorporated into elastomer using:Venus R- 84 Glass Chopper

Table IX. Aromatlc Spray | Polyurea QUV Weatherometer
Testing '

~Initial

435

‘Continusus using UVB:313'biilbs

Gel tvme sec
len/Ras \lnlnmn ratio
Index

Elastomer Physical Properties

Tensile strength,.psi
Elongation,. %

Tear strength; pli
Hardness; Shore D, 0 sec
MVT, perms at:30 dry mils

Abrasion rncmtnnr\n wtlose ma
Qrasion-r1esis 18SS. MG

(1000 .gm, 1000 rev H-18 wheels)
Low Temperature Properties (—20°F)

Tensile strength; psi -
Elohgation, % ‘
Tear:strength, pli

Tabie X

Ti-Pure R-900, %
Iso/Res volume‘ratio
Elastomer Physical Properties
Tensile strength; psi
Elongation; %
Tear strength, phi
Hardpess; Shore D,-0 sec
100%: Modulus, psi
300% Moduius, psi
Light Stability

1T Qe O IOUTS

~UVB-313 bulbs, visible changes

Aiiphatic Spray Poiyurea - QUV Weatherometer .
Testing o

38010
20810

100910

faA
ey
LR

After 3871:-hours’

1973
137

little none

matic polyurea systems. While surface
yellowing and discoloration can be
noted, chaiking and cracking are not
present. For UV-testing, a QUV
Weatherometer was used fitted with
UVB-313 bulbs. Testing was performed
using a continuous light source, no cy-
cling, with a cabinet temperature of
50°C. Table IX gives selected physical
property results both before and after
3,871 hours of exposure.

Aliphatic Systems

A more recent advancement in the
vancement 1

43 1010 ICOLCI al

spray polyurea elastomer technology is
the development of 100-percent-solids,
aliphatic polyurea elastomer systems.
Aromatic MDI’s have been replaced by
meta-tetramethylxylene diisocyanates,
m-TMXDI from American Cyanamid,
in the quasi-prepolymer preparation.
Also, the high-molecular-weight polyols

normally used have been replaced by

10 aly Used Iia DCCI TOPIacea

JEFFAMINE polyether amines to give
polyurea quasi-prepolymers. Resins are
based on JEFFAMINE polyether
amines and JEFFAMINE amine chain
extenders.” System processing is like the
aromatic polyurea elastomer systems
and gel times from 1.5 to 15 secs are
possible. Good weatherable spray po-
Iyurea elastomer systems could find
broad applications in coating areas. Ex-
amples of some selected aliphatic spray
polyurea elastomer systems can be
found in Table X.

It is interesting to note that the low
temperature properties of the aliphatic
spray polyurea elastomer sysiems are
also very good. Green strengths of these
svstems are sunerior to those of the ar-

SYSICIHS alic SUDCTION 10 110sC Of 111C

omatic spray polyurea elastomer sys-
tems. This is due to the relative softness
of the hard block materials, m-TMXDI
and the amine chain extenders. Note
that the chain extenders used, a combi-
nation of JEFFAMINE T-403 and JEF-
FAMINE D-230, are very compatibie
with the soft block portion of the resin

and isocvanate auasi-nrenolvmer. Thig

anc 1300yanale Quasl-prepoiyiner, 148

is unlike the aromatic amine chain ex-
tender used in the aromatic spray po-
lyurea elastomer system. This all indi-
cates that possibly phase separation of
the hard and soft blocks in the polymer
is not occurring as with the aromatic

systems. A variety of dyes, pigments

and reinforcements can be incorporated

in the aliphatic spray polyurea elasto-

mer systems also.
UV Stability
As stated previously, the aliphatic

spray polyurea elastomer systems would
be excellent candidate systems for out-

USR]
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polyurea elastomer systems, aliphatic
systems have been subjected to similar
QUYV Weatherometer testing. In this
case, the systems were evaluated which
contained loadings of titanium dioxide.
Little to no color change was noted in
these samples after 5,280 hours of con-
tinuous exposure at 50°C. Elastomer
physical property results can be found

Slcal OpErty C ounag

in Table XI.
Conclusion

Spray polyurea elastomers have po-
tential for limitless degrees of applica-
tion and versatility. The advantages of
both the aromatic and aliphatic spray
polyurea elastomers will widely revolu-
tionize the spray industry. These advan-
tages have been summarized in Table
XII. Spray processing of polyurea also

pr— wnmbnann nconnintad writlh
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polyurea RIM and adds to the creative-

ness of polyurea technology. The excep-
tional properties, processing character-
istics, toughness and processing free-
dom afforded by spray polyurea high
performance elastomers are very appeal-
ing to consumers. The amorphous, non-
crystailine nature of polyurea elasto-
mers, as compared to polyurethanes,

allows for a broad processing win-

dow.” Formulations producing any-
thing from soft elastomers to stiff, hard
elastoplastics to aliphatic systems have
been developed.
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