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FORMULATI ONS FOR REACTI ON | NJECTI ON MOLDI NG AND FOR
SPRAY SYSTEMS TECHNI CAL Fl ELD 5[ 0001] This invention
relates to fornulati ons to nake pol yureas and

pol yur ea- ur et hanes via reaction injection nolding or
via spray systens. BACKGROUND [0002] In the

pr eparpORMULA TRONSFOR REA (PRIONTRYRETION SFOLDING
pol ynmers, there aqaqﬁqﬂyRiﬂmggyxﬁﬂpp3Mgﬁ—r7ﬁﬁﬁﬁﬁﬁﬁE

whi ch are indicat ed Sefuf as chal n extenders,
i ncludi ng diols and aronatlc di ami nes. None of these
conpounds has a react \ F?E 0 make it
universal ly ideal, an g i k provi de

[0008f TRisAR{QHbn RERRSTt 'f@ﬁnﬂtlﬂn&ﬁ ©o %Q@?&l%m gnd }rﬁoltyhﬁhfurethanes
use. Thus, there is still a need to Tind conpounds

viagegstibh mjgcftlogemldmg oasnac&maynsy@mmer s or curing
agents. U. S. Pat. No. 4,806,616 teaches the use of
certain N, N - 15 di al kyl phenyl enedi am nes as chain
extenders in prepari ng ptCKGROUANDES and pol yureas. In
this connection, also see for exanple U S. 4,528, 363,
(0002} bhtheezr@mgnqrh ef pelyusta ans BelymieihangupIRaPolyMgTsa iR gre many
pol?lfﬁmg Onc?'l % oun%% wr}ngﬂ ?J% 1nd1cgt'[39 t(gJ g§ usgfu?&ssclf"a%g g&ders, including
I SCloSes use of aroma I'am nes as ener’s

diofsaidpediisticedibatires UNeas of [HEOSImpainds had ah&met.lw@Oduythl e & make it
.and Folyurethane urea polyners are used in spra
unigersaliigealomdmany faikigavoyigh satisfackary BHORFHIH iR @he @ﬁfiasrs made by
thelg% ' n@ﬁusf 'tﬂg‘e 3PRE{1CALEAD td FinQOh SRS Qgﬁdbﬁkg&' serving as chain
di ng ¢oat I ngs, secondary contadi nnent coati ngs,
extgymiekd g coidek aganad.i NS, Panild.4,8066H tancladsi thgsysebdfasrtain N,N*-
. @bat enent coati ngs, r.oof cq ati.n rid coati ngs,
dml?cul?ﬁ?sﬁmfﬁi@f@nesp R ERiR f<B0CT ?&EF@HH&&?W@@F Kalepolyureas.

In HifQofne®BH, LS debkr Baafld ANs! '3#52@369” \ﬁﬂi'ls}ij'téw:héé RS use of
application i n maki ng body parts for autonobiles,

secorgiar g aliplatisl divefries| a@sparanﬂ af rgpim DiBdergang rﬁaﬁt 6 2118 48fiB1, which
onnect | er e

s ies R PPt iR PaRR e ot el

[0003OMb1g@SHaAG oRGSed AAd pHIRMRIRHE /PP PmBRYASE G54 in spray coatings
properties via formulations haV|n% appropriate ge
il

andt innreaction injectien yoldingr Spray goatiage Iind rappli¢atipatin giencrete coatings,
bui dﬁ{ egcgaél)(izlt, érggléog{é}%% e 8?%33 & a?Bgé) ;;%%léﬁg ggc%%(%%lr ? rﬂt)lsture seal

coaflhgd, Wigst tdbatenteas camtimRP e c@itifggebriddentoatings ﬁlunélabilffrs pipe
properties at 30denol di ng, and has acceptabliwﬁhy3|

linegt, gpasthelce iners.gombnbed Brersignd NgeRke: CRebiop Apicrhers Frolding finds

app!h@é@ﬁﬂlt LD RGRY | H 2 ﬁ%’lrtsafof %ﬁ{dnmﬁleémgec?é'attl'opéle%elﬂ@féﬁ B¥d farm
reaction injettio I'ding, and processes for spray

equipmadritndn &ndccﬁrmecmcaamerem a n¢eeicfor arsprayl system llnsd)npgratinc a mixture

xtures, of h in extenders. Jt has been over

of ekt X pRACT BTGP et % RogHings (bt gt S6Ccprkie, PRy Gl eorgrties via

forREIMbAE hﬁ’\%% %@Bﬁ‘%ﬂ@ AOLXUE easidiBH)aRRSe R REd for a reaction
desirable p I C pertles Thus; a feature of this

injectiore mdlding | moqehsamcot;;orapm @pmv(all@ of shaiotdx¢endefs whighrprovides a

xt ender.s vity and ropert. of .
readiipn "R iph e % s o aRPipeBacrsicimly PRCMilaBRe Blopertes at
denfAihb Cdtldatas 6ERpAGIAIHySIchICsropta by, ed. [0005] An

enboglnent of ?hl&ﬂﬁavent$bﬁﬁ?s a spray coating which

is formed from 10i ngredi ents conprising at |east (A

an aromati c pol yi socyanate; and (B) a mi xture forned
from conponents conprised of at | east one pol yol

and/ or at | east one pol yet heram ne, (i) an
aromatic primry diam ne, and (ii1) an aliphatic
secondary di am ne whi ch has about twelve to about
forty carbon atons 15 and inlwhich the having am no
hydr ocar byl groups are secondary or tertiary

hydr ocar byl groups. [0006] Another enbodi ment of this

invention is a process for formng a spray coating,

whi ch process conprises bringing together at |east (A
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20(i1)at |east one polyol and/or at |east one

pol yetheramne, (ii) an aromatic primry diam ne, and

(ii1) an aliphatic secondary diam ne which has about

twel ve to about forty carbon atons and in which the

havi ng am no hydrocar byl groups are secondary or

tertiary hydrocguMMARYWE THRINRVENTINI | anot her

enbodi ment of this invention is an article formed by = |
[0004aEhis dmveintipe roddesnenray wgatingsi ald aiticles | rmadesby geaptign injection

fromingredients conprisi at_J| east . aF 1 G: .
molly S pERTE: gk e g, B8 bkl AR Mdifing wing
mix@R8PONENis ckRAMrb.S 4h&f bden) disdoveRdsthatomhe ugeloy ebrtsindhixtures of

at | east one polyetheramne, (ii) an aronmatic prinmary )
chaigi gxtendrss papidgPalyureas and folyped wethapeo Aaving drsHAblgephysical

j. | . u . .
proflpich T LRyt 8, RO 8 0 GPEhRRCLRRIGSE chan
extendeRNtharryaddivity @and iphyylcdl yaometesoyfl the coatp, c4nOfe0@]lorédtdepending

anot her enbodi nent of this invention is a process for
on the RYHFTIAGChAEAISHELIFSiEhj ecti on nol di ng product. The

[Oﬂ(gj & St:?nlfb‘aﬂﬁéﬂtsgls i iHGéMg”%B‘)A 0%)?53!" Rbadlg MAAS i{ ARl from

omati ¢ pol yi socyanate an m xture formed from
ingrediepie venpsising rap ldaste@ ) ain fromati¢ polyjsoayrate; pid (B)o mittpesformed
ol ding mxture; Ié‘) injecting the nolding m xture
from gomperients cOMAES L npld to forma nol ded product: and
n HI) | bidata8t b8P ABerhMEnadr oduct 5f or med
® inalt%a%ldﬁq’toﬁgﬁ?nﬁaztﬁte Oy Ry e D (i11) as
(i) us e aromatoy primgrytdhaminexandr e are as fol | ows: (i) at
...l east ..one. pal yol and/or at.]east, o ol yet i
(iii) (i ia)n aélﬁﬁgt}(g %’ngr)b&fl%r}eyw}t&xf:g a5 %’ougﬁv%avé %(z}b:alsg %ﬁx%@rbon atoms

and 3h iviieH the RemeNehdhy hfiRRhg1 ¥hiuph akkascadiaby of weliarg hiydrocarbyl
about forty carbon atons 10 and in which the having
growpsi no hydrocar byl groups are secondary or tertiary

[00@ g&r?ogfg«{rbéﬁllbo%ﬁlﬁ Sof thORWntldIERS ?{&B&t f3f rf?y]‘f‘tﬂpg %'t ﬁig%t Coating,

ures o hi's i nvention w e sti
whiélp pedcesyt cdmprivet beinging b gghates dedspi(Ap an anemajzppeigsdcyanate; and
clai ns. 15FURTHER DETAI LED DESCcfd TI ON OF THE
(B) p g Oxmed &reo) compangits compEsd %n, the coatings and

) ar L féa?tson%:p%l;%‘i’ LYAVEY & 100RF 6k Fo1GetR@hditlecas or
pol yur ea- uret’hanes (sonetines tall ed
(ii) polapurematpoprymargtdivemies,)andSi mi | arly, the processes of

(iii);g:aiﬂiggzﬁgsig?%ég ] 1%%852\%%%&? %l?\f\oﬂit gv!/]elgé & %{ny féi‘t?f%sarb%rn atoms
and RF |Mﬂélﬁih€6}ﬁ9fngra%ﬁno AyBRLYibGPEXAPARR scUSMALY ¥r Rhry Ihydrocarbyl

preferably a 20diisoCyanatée, is reacted with a diol.
groufs. f orm a pol yarea, a polyisocyanate (usually and

005 BBbte? LRI, B el OF S8 o by racin
injeOry ivRGY@MWhieh article is formed from ingredients comprising at least (A) an
aromatic polyisocyanate; and (B) a mixture formed from components comprised of

1 at least one polyol and/or at least one polyetheramine,

(ii) an aromatic primary diamine, and

(iii)  an aliphatic secondary diamine which has about twelve to about forty carbon atoms
and in which the having amino hydrocarbyl groups are secondary or tertiary hydrocarbyl

groups.
[0008] Yet another embodiment of this invention is a process for preparing a reaction

2
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25[ 0012] The aromatic polyi socyanates (A) in the

coatings, articles, and processes of the present

i nvention are organi c polyisocyanates having at | east

two i socyanate groups. Generally, the isocyanates have

a free -NCO content of at |east about 0.1% by wei ght.

' YF0&ds§ ToldViSesal)f br m%\l%eﬂl@fﬂaﬁlgast A) an

mjegﬁ&gt%[ Og%g%t rgi%ig/:gtglng%gt SS%H%y vvel)gh?% omatic A
aropatic/ pelgisgerraatesind (B a srntuprefonmed fruom ¢drepqaents coaprigsd of (1), (i),

thi.s inventi 30 inclu I i S a
and, G e B R e Oy R D e ibE PR peg n D o o
molaaﬂahfohﬂl £hdIgHd pRaYanahe Iy kbetiaphenyedend removing the product
4-di i socyanate, bitoluene diisocyanate, dlanISIdIne

fomaq:d inoly alathe mixgire §Bh él)dm)smahh@%useéllk;f%@léa thsemixdwie are as
ﬁm9® socyanates net hyl ene-interrupted aronmatic
d||socyanates such as net hyl enedi phenyl diisocyanat es,
(i) espridadd o pblybl ard/by hidewdbphpslydthelaimdecyanat e and
2, 4-met hyl enedi pheny| diisocyanate (M), alkylated
(i) anaqnc?g%métﬁc PREDRY BHBIe A%y 1 upt ed ar omati ¢
dH
iy SR, GRolBl affincwfich haysbout twelve o gbout forty carbon atoms
andpnlvglhmlr the hagidgydmeine diyphnem;blyl gioups axeaseaomiary M sertiarg hiydfocarbyl
two or nore aromatic pol yi socyanates can be used in
8'%Me 5 practice of this invention. Preferred aromatic
[0069] | DHeSO GH@ DM Snito8]idfRs dndt feaBENYT ENS G RABSY Iwill be still further
di'i socyanate (MDI), 4, 4-nethyl enedi phenyl
appaiensfiom dhemensyingrigseriptionaad appradedelain®anpl es of
i socyanates that can be used are also taught in, for
exanple, U S. 4,595, 742. 10 B. Polyols and

pol yeFUﬂ'HlIEREDE'i‘Q@EED EESGMPTIQN@FCIBIEGINMIN’DI(SN
that are typically used in making ur ea- urethanes

[00EH dn gbisyiayntioanihsecoatiagnard ﬁﬁgzlersear@ rno qrg vghich are polyureas or
I

Pt s ERR ABhEHne XA ol Rk pB ISP SRS thprocesses

of tii® irpetti e pl\bﬁugﬂﬁolflmamvaﬁﬂuire 0lyueeas ve pol@uﬁﬁ&retlh’imes.

ol yol s can be di trihydridic, or hydrjc 15
[00&] i/(blf@rmwt PSIYBWE%%H‘ST‘FV df hQWISBCYaEﬂtﬁan‘Sé‘%M%f and Pl'efglably a
dus§éyahﬁg : 1% &Q&té’cf’ LN?th' 8 o‘l'dqo%lr%(ﬁgglgh eQS}Y) 1§Jc¥§1félte9 (usually and

propyl ene gl ycol (propyl oxy)

prefdraIbl;t ydidsoeyayiaye) dd I;eaqztedl w@tbwtgdlynmmegl ycol s and t he

pol yneric glycol from caprol actone, commonly known as

pol ycaprol actone. M xtures of two or nore polyols can
I IifFedRAfs i n the practice of this invention. The

. ' ed to make pol yureas are

A‘§ﬁ#ﬁ§§§§g§@%E§ﬁF§§|s whi ch 20 are the reaction product
[001¥] Bhepabmatic potyitdegmatas @i inethnicohtingsk yitetes, and gewessss of the

wel [ as .am ne- capped dr ox ont ai nj | yesters.
presgit (yRBUSTD ARy GEBIE. REDIOSAIS: HEvY Redoasb v Gdrgatity groups.
GerePRlyP ﬁf@:cfsbé%%nﬁgs BQ\IeSa irR¥eNEOonRRal ¥ELNRARMHIRE0.1% by weight.
typrcally have a nol ecul ar wei ght of about 200 to

Prefetablyt, 50 00cyaBeigehave e draverNC@l dopteay af haghat 10% to about 35% by

wei ! y Lhe arlt%T R SQF{)%&%%EI?] geﬁlg Igtn nlgs?cz éé)thg \ﬁ&%ﬁ? foef {hls 1 vention
1nclﬁ_de59ﬁ&1yléhep@1|1ébléyﬁﬁk@ abRiefiX ideigodyahasi (TOIRf xﬁé&(&ﬂu&ﬁ@&late 1,5-
nmol ecul'ar wei ght, XTJ-509, a pol ypropyl ene_oxi de

naphthplgne ndiiseeyanBtswt cliopohemsleiey IZaﬂ-dmcgmate x¥ijolyege djisocyanate,
r Xi i.a bo I
d1an?s1dl¥lﬁ %%)é!) gfgﬁat f a%]ﬁﬁgl rﬂl%_gczsg%lﬁt% He #1?/681? o%@ﬁzgl‘rfléé gi;i(soaganates
metﬂylallfﬂ-ﬂﬁerﬁf ted AtobnaZio Qﬁlsﬁl‘)}l'aﬁﬁﬂdk anchwak gii]ftthyldlm‘dﬁ[ﬂ’lmynledns)ocyanates
T-5000 and Jeffam ne(l) D-2000 are preferred
pol yet herami nes in the practice of this invention. 30
C. Chain extenders Conponent®s (ii) and (iii) are
referred to collectively as chain extenders throughout
this docunent. Chain extenders enployed in this
i nvention are made up of an aromatic primary dian ne
and an aliphatic secondary di am ne which has about
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5 carbon atonms and in which the am no hydrocar byl

groups are secondary or tertiary hydrocarbyl groups.

The conponents can be present in the chain extender in

a variety of proportions; the preferred ratios vary

with the desired reactivity for formng a coating or
espadiblly l4et-mbthylencSipRBIB/ elitsof yanite [ 4HA1 4 Y- e thyRhédiphiny@iiyocyanate

di am nes are conponent (ii) of the chajin_extenders ,
(MDBe glkiytntechpralogsefnmeileng Gnempptesh arangasic difsogyasatss j(guch as 3,3-
. pri ar hLan.ne t g ed LR this. L.pventi LS
i E - ERUPRADE" (FRcRBald]") hd S ERL e lfiich diphenyl
diigeOfdnatedn MiiitiRstdd @RCh afvrdaranaicppdligsoayahitehyvdii dgeused in the

atom as a_ supstituent, _and which aromatjc prinmary.
pragficgni 9fe this emvemiion; n  Refarsdn spmatic pRlyRpryanlsg” include  2.4-

' g uzss) tth4-frﬁéE?¥1 dighehfe diRoB)ddhte, and
Hw?@%h%ﬁg%%$1r?ﬁggwg%ﬁﬁegte Lby’an a g&%#@eb idde g%d &
mixtares rthereofe  dAxamplegr ofllpooyenets hthati oap b hese hazaydlsor tanght in, for

ma e need not have, one or nore hydrocar byl
@mﬁﬂ%hgggdﬁsgﬁéxbhenyl ring(s). Hydrocarbyl groups, when
present on the phenyl rings, nmay be the sane or

different. 20 When both ami no groups are on one phenyl
B. Polpg)s andl polyetheraginesps may be in any position relative

ach other .on the.ri,ng: ef erabl .the.amn ’

10011338 st 5° gl 3P arehpySnf s, it R Polypgyurethanes
and! PBlyRiHeReniHEL YRsinétesO Refb@d RB €AY lanfihd GSmEitete GoB@dld)Ythat are

an al kyl ene bridge, they may be in any position on the
typichly aisecpire frakiit polysiges andipebyugeaowsthagesiange dp palegular weight

relatj o.t k idge. . T . ri ;
o P80 SRS B BoRB bTDBHEY RS B9ponyar
pol¢als, un afet BBlly Pihgdes. aBkymplehef alitspleqiyds indyrle paby(éthglemeoxy)

one tq about three carbon atons. l\/bregi{eferagilpy, t he
glyealsey| dipeomiengge ghis8l, onBOIGIPTORICICAX Pon SAYOls; Hrdhigpe  glycol,

: . .
R T
as polygpslactoney Mexttdee of awme oomotk pélgoksan bExmepirethe giractice of this
. _sujtahle hydrocarpyl groups on the aromatic rin .
mer‘rms’Puglléewei{mirar@{nﬁw,edp%mhe, PO.tl%ﬁ%soa@ pmife-gapppg polygls which
are IRCrAEA prddubUdyh poRRNbNA thenYd ARBRIWith all8¥etle: oxides as well as
nethylcycPohexyI, ﬁeptyl, octyl, cyclooctyl, nonyl, ]
amidecyppeddyderyl-copthiming poljesters:| Minfueest dfdwoj dranore polyetheramines

Preferred hydrocarhyl .groups t.he _phenyl .ri S
can i o o et et s dn o E RS RhEE apgiecutar
weight” 8f GhdutCIA R Aol rENOhegevehai dbnahlallgr S1aHsbIB Poiyegheramines
romone to ahout six carbon atons; particularly

knoRne T FeGntiY A 0GRLiPIe Fr&HH PBlualsMaBtAMhicaPtdWthpany and include
i sopropyl, butyl, and m xtures of two or nore of these
rous. Here, the preference for butyl gro i n¢cl udes
J eff%mym y IT-5000 -appelypropylenac oxKist (laming b 2bOyi, 5&3% ﬁé)‘iw?ar weight,
nmor e hydrocar byl groups are present aon the phenyl
XTHo0%y (3 polyprapylepe rasidsr Ewmgff 88 BRow 3 0R ypelerylammsiets ETI-510, 2
about twenty carbon atons; 5 preferably, the . ®
polypyepyiens owile diamipssofahpat #0Qhmelesulap W&tfg‘&tanéﬂ)‘%ffé@ﬂ@o nD-2000, a
atons. [0016] Suitable aromatic primary di am nes gf
pol§ﬂ}b§yléﬁ60§xi8é‘¥lia‘i‘xﬁn9%? RS VO OEORaOReRRE PRI I TIB000 and
I'ncl’'ude, but are not limted to, 1,2-benzenedi am ne,
1, 3-@enzenedi am ne, 1,4- benzenedi am ne,, L. .
Jeffaminen yD:Zi)’OQ W@@ﬁ]@éipgmeﬂg’ramnes in the pracﬁce of this invention.
2-isopropyl -1, 3- benzenedi am ne,
4-tertbutyl-1, 3- benzenedi am ne, 2- pentyl-1, 4- benzenedi a
m ne, 4, 5-di hexyl - 1,2- 10 benzenedi am ne,
4- et hyl - 5- heptyl- 1, 3- benzenedi anm ne, 4, 6-di-n-prop
yl - 1, 3- benzenedi ani ne, 4
2,5-dioctyl-1, 4- benzenedi am ne,
2,3-diethyl -1, 4- benzenedi am ne, and
4,5, 6-tri hexyl-1, 3- benzenedi an ne. [0017] Exanples
of suitable aromatic primary diamnes of this type in
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and which aromatic primary diamne either is in the

formof one phenyl ng having two am no groups on the
ring, which amno groups are neta or para relative to
each other, or is 30 in the formof two phenyl rings
connect ed by an al kyl ene bridge and havi ng one am no

C. gjhgﬁpe,géhﬁgh ring. The hydrocar byI groups on the
phenyl rings (adjacent to the am no groups) generally

Comaor@emqo (it cangb@iix areviefersedctardedectivebngs claave exfeaders throughout this

dOCél¥l}g>l}F en %I} | g%g&%% ?%O?goltl h%llgq 1nven8{)n da!l'%fl'gg('gnep O}-Q’l% aromatic

pnrhﬁ@f‘dlamﬁﬁfhnﬂ @n ahph’ettlcssbébrﬁiafy@ﬁmﬁfe@ﬁﬁch ﬁziseafb%ﬁﬁb\beyve tb h®out forty
bri has from one to about three carbon atonms. Mre
calbqreragq% pyd i hwhigh kihe efﬁ@nﬁ rhydieearhyd SAEPsoArer HRSOBGHB N tertiary

ci Y

bR SRS A SERS LB sE AL USRI PLAER, Sarity o

progomions, the ptdierrqhesiph vanyn\g{tls )haidl@uﬂ@trénthty&fdﬂyﬂomung a coating or
dsopropyl, butyl, and m xtures of two or 5 nore of

artiglgese gr oups. Here, butyl groups include n-butyl,
sec-butyl, and t-butyl groups. [0019] More prefei Ted
aromatic primary diamnes with two am no groups on one

1. Chmppinent @iy have the am no groups nmeta relative to

onF g AP B L G B ShEAREo B e n i

invgm%ne the preference for butyl groups includes

-butyl, sec-butyl, and t-butyl groups. Particularly
[00b$]e©e¢ tept off eromtlarmmw&lmnmhyt eanabe eed im thigievgntion is an
mowgﬁ Bglg][ra%? {aﬁ%?eh&r gi%g gtlé’z\le Vﬁ@qeépho%ﬁlo\ﬁoor[ﬁ%tt% e%rﬂ nl%mo group has a

twWo remal ni

hydiygbnQficn Y la s@ba4isht 4@ Whib lardiii¢ PFiman didriias és ¢1Ehel in the form
whi ch t he hydr ocar byI group between the two neta am no

of opephipaylirnediavingtiyio agrine grounmen éheoite offinithfarpt two phenyl rings

conb By JAACRAL 940 4 PPy BLEER ] £

ringsrdehavedbarmesd hoChipe] ome yr mowhydasadiyd gidmpabos thet pieeagl ring(s).
i n which one am no group i.s gn each of t

en
Hydrogagayl giouP: Wh& PRRECTSH{he Rheﬁ&snagse %ﬁ%é?%agm? 1 Lifferent.
Wh?gbgth%\%gn?g (ﬁ‘% ea({}p?ﬁekﬂae@byﬂd‘gg An es ecl alﬁ;& in any position

relapive teeachdtlzar @methe tngrpreferaply |tlaﬂnmmochoum| age mgpeori pararelative to

eacg ol‘ﬁr[iﬁeg u %\é\fhb reeargﬁ% 2&1 E%éj r %g g):'?g ng}'{ g ng é%( g?olg)ﬁgtea y dﬁ]e a]kylene
bridgg, ﬁle?%dgrl ER&NY FRsRion 24 thd %Q& pPefBfa8lye bh@bardin@RéuFis meta or

primary amne’i's one in which each position ortho to

pararelativerio thgr ailsuiemﬁem@gea Wmlbdﬁmﬂaﬂdgg 106 ds, twaridngrhiagine has from

onea}P r?ga‘h%\}i gadt) % P]lg]feé?eb& WyPeﬁefb%dgf]: 8 Vﬁ&% o%g %‘ Xi)out three

carlinOAtPE s 8 Mord Piefe@blyd ﬂ{eaalkﬁl:ﬁd biidpel as e hn' @¥/b&arbod raebmsa highly
which the aromatic prinmary di am ne has am no groups -
prefgpred nigtan alkylene \paidge haxig eacherrbompdgrar  Hydrosasbph groups, when

pre%%? roiﬂcﬁlg ?yﬂrﬁn %{gis) ahﬁy tt‘l?/ Bﬁf %Ex Yikfe e'n?.ogl?)gaw les of suitable

hydwcﬁﬂ:ﬁﬁl leashpalon thd ionfatic nﬁrgmndu& mel.’}@& at]m_sdl prdeyl, 1sopropy1 n-butyl,
-di -n-butyl-1, 2- benzenedi anin
sec«j)ugylﬁt ‘thy]epﬁlvil fygogeéﬁgleﬁg)@f awpmlcyclohexyl heptyl, octyl, cyclooctyl,
e REERadi gigk

non 1’,211: g*l’e%lﬁa/y%y Henyl, lﬂen%ylg Eg et P n«{x‘tﬁeg hydrocarbyl groups on the

pheRyldrinig(s 5 (mﬁxomlarﬁmmbrgrbup)lofsﬂqe reometie diisumeasegre straight-chain or
but 1, 3-ben enedL am ne

brarz:hs"?ﬁﬁ m4éh(§o1arr035§/ 2gng éjé"fﬁe‘%rl’?yﬁo O3 (5 s eheR; U sreparticularly

2,3,5-tti-n-propyl-1, 4- benzenedi am ne,

2, 3-di et hyl-5-secbut yl- 1, 4- benzenedi am ne,

3,4-di methyl-5, 6-di heptyl-1, 2- benzenedi am ne,

2,4,5,6-tetran-propyl-1, 3-benzenedi am ne,

2,3,5,6-tetraet hyl -1, 4- benzenedi ar ni ne,

2,2' -met hyl enebi s(6- n-propyl benzeneam ne),



10

15

20

25

30

C H3C H2 which represents a particularly preferred
aromatic primary diamne in this invention, can 15 be
call ed 2, 4-di et hyl -6-nethyl -1, 3- benzenedi am ne,

2,4-di ethyl-6-rnethyl-1, 3- phenyl enedi am ne,

3, 5-di et hyl -2, 4-di am not ol uene, or

ddyatdpaliyl QPR Gre nfbiiflil Bth 1€ i 1, dutyY, addh@ixtures of t
pregbtnr%ﬂgpﬁ?e quF@C&%Q H N ESJHSC ﬂ?isoﬁm ch (ygp? esents oo
mopmof these granps. c Heres ithe pretdrenceddr Antyhgtoups pralydgs y-butyl, sec-butyl,

oL S et Y8 8 PRI 8¢ preset on e phny
indksy} thEERJAYORRRI S¢rd g eaR¥ | @l biEYo aBbut twenty carbon atoms;
nn%k?)g' , 5, g@t%ﬁ%‘ae%rh; - Z 4' -adi am nodi ph%nyl ?rtvstvﬁzmé.cm Zo.n arome
prefesshipribahyqipeahyl[oms|hage fiarifto @beut)siy erben pmphat i ¢

n . 4 I
ouFFE RS Soal R AR A3y RIS PERRA RS rous on oe
phehkeriagrinatndeyblit @€t dMimigrdoops,2 dHentdnediatigd) al, 3-benzenediamine, 1,4-

secondary di atni ne can be cyclic or branched. L

benperadedmiBey 4-¢thy- 52 Rapsrachiparnse a P isAPT e psbezenediamine, - 4-tert-

I ARC ainal kyl | fhree toyalk 19.
o SRR QU IR AR 00 | st 2
benkgretdirmainby | gr dumshyiliSchepd- i, 3-dpnappydiamaec - but Ye-di-n-propyl-1,3-
vergemadhine 725 S5 bbb 2oLty GBS atine, and
4,5 B:(A8BW1-1, BBEhARGIdrhife. [0024] The aliphatic secondary
S , ;

i am ries are hydrocarbyl secondary diam nes where the .
[0017] Eyainpenpbstitaplerarpwatiopritagy diagmieseofi tisgypgpivawhich one amino

~where "hydrocar byl rt.iont refers,1q.the hety to . '
Eroipiit o, Rt R0 PBBRonre b 2y RSl dnine, 2.3-
mef9lehbBiE (BnztR@mahd)phat i ¢ di, Arh&ByleAdbifBer¥hdantine), 33-
branched or a straight chain. clic_ and straight '
methiilghpbigibenzsnedeineled as t hé-dwritdenchisbepeenca@ines the  44-
L] j y diapni ne. - ) J " 12
meyPORLCERATRRARLY, AT Eh RS QueRedY] | 5403
prop@iedg)bisiseddendandise), bi c¥,etimethylangsis(Seertdulyd-behzdneyminey, 3,3
system (which tricyclic systemcan contain fused rings ,
methpikenefis@rpsByibensenEaipe). Thes amthﬂ%fib&s?f?ew[bea@f{emne% 3,3~
. r Nl i g
e B e b P oLk bR Bpine). 4.4
methfylehblsisBiseg-butylbengeneasfie) s ¢d'-(lIhxtthatediyiss(2 omgthylbenzeacamine),
am no. grqups, i.s bound to the ring. The aliphat,ic .
33%‘8%‘3%@3?‘3}3 e HPHEYIPEIAeREI Ik as about t wel v % grefhylgpebisS.6-
.. ns: 4@r ) . ali . 4.4
A b s B 2 b cneamine).
methylenelisBiSvdi-tedrbugibeazonmmin¢)eandthadike.e proporti ons of

opatic prinmary dji.am.ne ta ali tic.secondary . . .
roof oA obe: ¢ flemnbmabd Prftee dafiifser R ERELHARE invention, which
is alprefefedbps FedthatRs %ﬁm@ryetmmne;is%rpaomaﬁ@ fikindA} @Aanine in which

basis; nore preferably, the relative proportions on an
eack gositian ertho hiawnhediately astinngnt) 3o an pELiamheieup Pears adwydgocarbyl group,

i.ght basis..the relati Q FONS L .
SRS GRS e B ARG e RAT iy g e
ami@b @i supe vh eiiefig, Ahiclcanmosdrbururane taurgher @bitiyve abedach other, or is
. 6:1 to about_ 1:6; nore preferably, the rel ativ?1 . )
in the Spre of K Phenyh Tings GRrnasted; &y ap alkylsaebrideq apd hapgiggione amino

o - A g r . . e .
grofy 3y cpdP ik Tk HRH-EF RRRATOH ik BRERESinkh YRR e amino
grotyss) gbhd¥aHyh{vk-upytol abputogmyenet daybin dtpfrs direinthe hpdnotahel groups may

N, N-di (3, 3-di met,lﬁ%l-Z- ) . . . P
be e s3ms of defegeninilis BcyienenirideeRtAhe (Re-RIPE PPURY. Hanine.hps from

, 6- di am nohexane, N, N1- 30

di cycl ohexyl- 1, 6-di am nohexafe,

N, Nl -di (3-pentyl)-2,5-di net hyl -2, 5- hexanedi am ne,

N, NI -di - (2, 4-di net hyl- 3- pentyl) -1, 3-cycl ohexanebi s( net

hyl am ne), N, N -diisopropyl- 1,7- diam noheptane,

N, N1- di - sec- butyl -1, 8-di am nooct ane,

. A o~
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cycl ohexenyl) -1, 2-di am nopr opane, N, Wdi - (2, 5-di net hyl c
ycl opentyl) -1, 4-di am no-
but ane, N, Nr-di (i sophory1) -1, 5-di ar ni nopent ane, N, N1- di -
(ment hyl ) - 2, 5-di net hyl - 2, 5-
hexanedi am ne, andN, Nr-di - (3, 3-di net hy1l-2-butyl)-3(4), 8

one( @) abBhiBsik %HiH&ﬁrﬁ%rﬁwﬁrefeia'b Jﬂﬂ‘ié Blid@gechab- g ofi¢ k&l g ehree carbon
(also called N, Nd i met hy1-2-butyl)-TCD

atO@SanMﬁs? preferpblys eher @lldylam bridge bas esoddvy aditomi #ems; especially

prefP b R GREubKERE ke PRI 1 Wit i hycrocartyl

groap oML pitiny( Sing¢s¥ aigeinBiht, 2th A UisypobpFiCBut, adﬂdrlﬁlxtuxes of two or
[0026] Rel ative progprtlons of aromatic

MO @rﬂl%é grorpsl Hsrabnyl seuphingtidedi-biyhn éecabllifyle éfﬁ}/ flutyl groups.
00V R O o, Ao S8 ) By on one phen

ringhaveathg ahiani g"réu;tsOmaial fehatilve o saclodrry Highly prefepred ahydrocarbyl
eqU|vaIent basjs are ibout 3:1 to about
Y

groypieate dpethyly gthgh sinpranvb ity andaryiey Shereqiplpte the preference for
o}, X [

but?h%ﬁéﬁgﬂ gxgcﬁgceg g;b%lg%dt REc. B{ﬂgl ;hbgutt @Lﬁ?ﬁ éroﬁgﬁ g’?g};&lgraglg Pleferred are

aromatc primake diasngges mfwlabhn tite Iiydlo@rbsd gabupubetiedn thz:EiWD meta amino

Qher in di ents 8] Gther .in d| ents that
SroUgst oy BEUs BHIF A (ST AIEIn Ja GO BBt afegbiny! roups,
andfth@s@em retien dRMyRrQartyl 3RRpBERRESSHE Bl aeNhMino groups is an ethyl
catal ysts, solvents, dlluents noi st ure scavengi ng
groa;gevhl  ongcd dhestven wwrminiaghydrrathyk Froursds pimethylggewn and the other
s 5L QRSB Sl WACAE AR B FO R bR Piines s
alscfbbeSinaihich 88€ ko oflmlqi RIoh, eath BF 6MS plicdiyDfifgs; whgreXB€ Bi6 phenyl
such as chopped gl ass fi bers, tf gnents, dyes, bl ow ng
nngﬁgeémcgnn@@érﬁlﬁ gn aderans, bridgiex atd bpvecbath @ﬁtl@? gFqupp para relative to

e LR 205 BRLATT A0 D LY AR s e e

compioand &detd eachi hydewhibgh gronipdortte, tot ;flﬁarnmbl grog is an ethyl group and
ingredients, also include internal and/or external nold

the?%wgﬁgéngééﬁﬁ§na§5bPFgﬁWBcesses of the invention

[002030% Hretkfed %nﬁtﬁcﬁﬁﬁﬁ cﬁ{mﬁr{éels'dﬁ\éqmdrlﬁ& eﬁaleposﬁuﬁﬂ 8&ho to an
reactant conprises the polyisocyanate, and

amigp @du}r beart aritydccmamyil gesup, ed pohigio Iarqmarﬂcopnmary dlamme is in the

fnﬁ yeth r gj hn .adm xture with the dlanlnE ghaLn )

o BPVIRE PHC AMYIDBITERAN Tn GPEMBIFE IR EAepPS are

metd %F%aﬁﬁ@ﬁtﬁ%? ?OSC&B Je, AdAVIRNLhieR the H6mBOE ?hﬁlﬁﬁyﬁaﬁlrﬁa Ra8 amino
m xed with polyol and/ or pol yetheram ne to form a

groepsaare prespatlptiey to disbrotherg aed/op theparthmbydrpearbid egtoupshare methyl,

uasi pr epgl s _at part of the side A
ethﬁ g%lfrgﬂfl Q’ftﬁg%éngpalées %eé%filant still conprises polyol

[0020]10 m e dfahbr@IpRetefted hidnR@d printti disintifest iREludé 3)6Ld1&1 -butyl-1,2-
chain extender. In the practice of this inventio

benz@@d@mmﬁj adh ﬁééﬁ@hyhbﬁéen@ns@@mm ed-4udigthod- pm%tamlci Agpenzene-

d1ar81?1 yur egg. dléAh 5251% £9aL bdige c[éi? %glz, Coaf,fi-aﬁsc‘op%p}}i—%gmethyl-1,3-
FSsent "I nvem i on a e brepar by "Usi ng’a

benkﬂr@ﬂmﬁﬁmsmmethyl 4,6-di-sec-butyl-1,3-benzenediamine, 2-ethyl-4-isopropyl-6-

methyl-1,3-benzenediamine, 2,3,5-tri-n-propyl-1,4-benzenediamine, 2,3-diethyl-5-sec-
butyl-1,4-benzenediamine, 3,4-dimethyl-5,6-diheptyl-1,2-benzenediamine, 2,4,5,6-tetra-
n-propyl-1,3-benzenediamine, 2,3,5,6-tetraethyl-1,4-benzenediamine, 2,2'-methylenebis(6-

n-propylbenzeneamine), 2,2"-methylenebis(3,6-di-n-propylbenzeneamine), 3,3

7



i npi ngenent spray apparatus designed to m x and spray

a two-conponent |iquid chemcal system The liquid

systemis nade up of a polyisocyanate (A side) with a

pol yol and/or pol yetheram ne and chain extender (B

side), which A side and B side conponents are mxed in
mefl@'ﬁ:n@&@@f GHUA- bﬂE}Q&!’nZQﬁ&Hm&?e345lll'ﬁﬁetﬁﬂ@n@:ﬁﬁ(@%&ﬁeﬂi9Ib@nz’tneam1ne)

sUbstrate so as to forma 10 pol yurea or

4. 4paethyleaabisZed- Hamr@yéhqnngleemmeae s ubs#.#amethyleaehip@gsopropyl-6-

cknesses S can,
e PR AT o s RS R e e a-1.2-
ethhydddey1 fbd(2 |6ttﬁfs§@%pylbeﬁi%ﬂezfrﬂml)$ 02 ,2ainethlyledeBiS(3i4)6- hgsntytbenzene-
about 0,125 |nches§%0 32 cm, although coatjngs
5 amigyi atihd m?tbmepﬁé Stﬁrtl&@ﬁé@%@na%r@nﬁ) t hi rfh4 HaetBWepbis(2,3,6-

on
trirfRth 186 AL RAERE 0N 4 4ChRt LA Al %%ét;;{ b flbgﬂeﬁédnﬁﬁé) and the
likec 0OF It}mge $ndrb pmfferpﬁ:t tyipes of smtauaqarﬁmyl aﬂmrinlnég ,particularly preferred

areco;flﬁ? r{aet &]ﬁa&aﬁ%&écﬁ%?@%}l%gwgear nceetggleneg)ls(Z 6-diisopropyl-
ber2PLANARY)! 1dnd- a THEthRack aﬂﬁf %11&1?94 @ﬁeﬁﬁ[—@)ﬁ%’e&&eﬁﬁ%ﬁﬁé: €nd 4,6-

coatings’ on a variety of substances, |nc udi ng gl ass

10 diefiyl. gﬂ?&ﬂﬁct §. bfeﬁ%?téélanmv@} ADCRAQNE l}gypst rates,

ret'e, stone I'ng netal foi
e t
[OOQQfg}?cgst@ochasrl]Jélﬁ ki 5 Euﬁ ﬂx,éﬂlt %go %g%s It}téglt}f%%% ?&/eﬁ? Q&tfa?/g to name the
aromaﬁc peiniasy dﬁﬁmﬂe@ﬁl@éd inlthisSpreayion.0Bbd exgmpld) ehe structure
pol yi socyanate (A side) and pol yol and/or
pol yet heram ne and chai n gxtender (B side) generally
are placed in separate cortad ners and then are sprayed
by a variable or fj xed sp¥ay no oget her onto a
substrat e. hbrnalﬁ%ﬁg d : qﬁ§$ﬂ%he A side
reactant and the B sidg nt are sprayed at
substantial ly equal vol .g., a 1:1 vol une
rati o). O her volune rat™Ngs7 stch _as substantially 2:1
(A side to B side), are 29 possi®e and within the
scope of this inventiofCHjJ32] It cannot be stressed
strongly enough that one nust not gain the inpression
that inconsequential variations in one or both streans
which neryesentscy particwlady pugfeiresh sToptAtic Prigeary sliamyiae ép ithis [yyention, can
af f t he,go not
15 be £ it "oadRlft o fleah, BRERSRR el FX PR mefhyt-1.
phehylefédigainel cRb-dicRald, s digninototichelt & pB Stcﬁéﬂhphtoluehe-liat:"dlamme.
been 30 deened prudent to enploy terns such as
Similaglysthg strpgiirey equal " and "substantially 2:1" in
describing t vention. But whatever t rns
used, the prg§§chﬂéhould be conducted a dﬁ%ﬁﬁ;
ordlnary skill i

processes after 4 of this
entire di &NosTRE and A é&h Q S—Spitia  of
the invention gaNied fAom such Radi @wg. [0033]

Desi red gel ar substrate
and applicathﬁp Of the coating being for Crput gel
times of abohtti3%Hgeconds to about 50 seconds are
typical. Preferred 5 gel times again can vary, but are
Whlgﬁe%%? Cﬁgﬂts )&ggthgpﬁﬂg %rlgg%séer,re% gﬁgﬁqﬁgﬂ&%ﬁ%ﬁ}pngﬁg ﬁhls invention,
20  canof behecalksl n thﬂﬁenlﬁﬁ(dlﬁadleﬂiyﬁjenzmhmine\)e 4,4'-methylenbis(2,6-

rtion n alter th ti for the coating. B.
dlet%é‘éﬁ ingh of 3j3¢§ |Y§F¥a‘?FBY]d‘f’zg‘%i@[ %nﬂrntq MAEs of the
present invention are prepared by reaction injection
nmol ding. In reaction injection nolding, a
pol yi socyanate (A side react&nt) and a pol yol and/or
pol yet heram ne together with a chain extender (B side
reactant) are brought together, injected into a nold,
and exposed to conditions such that a solidified
article |s prepared Thereafter the SO|IdIerd artlcle

I
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5EXAVPLE 1 ( COMPARATI VE) [0039] The B side reactant

was made by m xi ng together two pol yet heram nes, .

Jef famme D- 2000 and Jeffam ne(r) T-5000 (Huntsman

Pol yur et hanes), a m xture of 2, 4-

di et hyl- 6- net hyl-1, 3- benzenedi am neand4, 6- di et hyl - 2- ne
2. Chmpoileﬁt(lﬁ@nzenedl am ne (Ethacurel00, Al bemarle

]\Eor ation), and
[0023 o@por{@édn@utsygr} -ajjiphatiqyseaepdan edipglne) paving amino hydrocarbyl

] ta t
oo 84T D5 SRR ol
grolpbe tHe aligsteakic | segurRidiye dlamiAs cuveibg h@dht @rthignched.r eRrtfer ably the

0.1 graminto a lined 5-gallaon (-22 can fitted w
amigogiydigaryl groups ¢ |bsyIchRd 53R °19wehavm Pmarhref-‘ofo about

twe'i\% ca Ul @cgh@n?ﬁa@g s 3 %ﬂ 12 l%ﬂlo' lrﬂyc%or | ‘1%%1}1;%3}1%%& isopropyl,

can was S ace on a
sec{bmkyl,ert-tmuﬂ rlhB-IdadetIhgT 24b0ty1 fieptmﬂ;ylatcwldplemyi, 4-hexyl, cyclohexyl,

t 5 inside was uniform
metﬁ‘ﬁgg?e)l}’ C,b(c Eité(l réwe%‘?f’tn‘zx %l?f quasi pr epol ymer of
[0024]4‘1’159351%&9 %Qéd?ﬁﬁlg'yalaﬁllhﬂe% Qb ﬁ%‘)@mﬁm@coﬁ&gy diamines where the

am ne(r) quasi pr ep mer is sold as
hydmmrm&tpe(tro)n 480 d(aﬁunc smaliphead, ywiteae Rlayssegarbyl Qoutiqn” Thfsrs to the

tant was | oade th . .
mofige i WEIcH 0 AP, CopepSar Pe g ehiy BE eyl BE 3R gf iy aliphati
diatmfheldaf bk @9Mic, FRAcKeSIrdestfa@he tiddih. 098lid AR dhiftRain are preferred

another tank of the spray machine and a pad “of

as the thydepearyb pogisn, of3 theosdihstipsycopdarypdiaedns. i \Vhanethe dyydrocarbyl
porf{F P 8RS P RC b ol ReB 08Tl s, o o

tricy DB teAN YwhieHTHEBYicOfysine ¢ usntains fiked ringatand/er dicyclic rings).
used. The reactants_ in the tanks were heated to 50C
Theafpinp egoAs N Pe pitashed Aaedhi to tmgingeer ofte F9gh gino groups may

be ﬁ&nné%&%q%o%ﬁa@ is d %ﬁg&lﬁﬂhﬁ qu|°13§' i YRFerfERARM F ‘i’ea@tyone of the

prayi ng anount o reaction mxture onto
armamgeasdpsaalbomahei thewdrig. eThee aliphatio ge¢dndatyi diemineorypspliypjas about

twel;vnﬁlgr t un. Igln ﬁ&%gs Co E’?lgg'gr&% %ﬁg% 6&:3:%811& %l%ﬁf e has about
ﬁfté?:ﬁltb %B@ﬁjt %ﬁg}aﬁ% EQ8bn Qﬁﬁins?’ OrheRativet r8fortfohdlof %fnano primary

-1 nch thick bars to cre e dans on four
dlarmnddg ah]ﬁh@lqmcdmam ndmnpneurr émce}dlmthhnd@l spimpegitien are preferably

sbof BT Bl T30 RGP BRI e sr PR s v e reofigaegons on

an MivaRnaPhdidarel aBodid: 1 itd kBoR25H €On al WiEight besisl SeQtlative proportions
reactants onto panel nolds while thegioanel nmol ds were

of pieniabiei prinem disorine tonalipimHe seeendapgdligiaing W [thanshain gextender
t t J ot :
confi RS ARCRANC BT RoPE) B oty Y vt

pro;ﬁtﬂ‘ﬂ@ﬁ&r(aw&wﬂthﬁs;s)areéﬁélﬁa Pw dbour 53. 5 test parts were
st anped fromthe janel s accordi ng _to _di nensions faor

[00@0%11 RiHF secwpfay synines that caprhe ysed in fus tngewanem%é@ byt are not
b
limifelf fo} - gl E oS et | JaiihthopBitis. DN 843 3;dimethy1-2-

butypd 5-diamjrioe2 -sdetwipamsaren avBNgh-soé-butyl-de-diansnohex drfe, N,N'-

diexe P hep o) B RBUIPRG B0 <1 AT BT R R o Pmgediamine,

NN £, Ji“&imé’tﬁ?ﬁ3 #gm st1e§ %&éx’iﬁeﬁiﬂh&éﬁ%dﬁﬁﬁ% NONT@ioBropyl-1,7-
dianﬁnoheptane N,N'- d1 -sec-butyl-1,8-diaminooctane, =~ N,N'-di-(2-pentyl)-1,10-
diaminodecane, N,N'-di-(3-hexyl)-1,12-diaminododecane, N,N'-di-(3-methyl-2-

9
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Sanpl e 4 ASTM nethod B side ingredients Parts per

hundred A side (r) EthacurelO0 24.75 18.85 15.99

12.79 Unilink(r) 4200 0 10.94 16.33 22.28 Jeffam ne

D- 2000 57.44 52.37 49.84 47.64 Jeffam ne T-5000
cyclohexenyl)-1,2-diaminopropane, N,N'-di-(2,5-dimethylcyclopentyl)-1,4-diamino-
butane, N,N'-di(isophoryl)-1,5-diaminopentane, = N,N'-di-(menthyl)-2,5-dimethyl-2,5-
hexanediamine, and N,N'-di-(3,3-dimethyl-2-butyl)-3(4),8(9)-bis-(aminomethyl)-
tricyclo[5.2.1.0(2,6)]decane (also called N,N'-di-(3,3-dimethyl-2-butyl)-TCD diamine).
Preferred aliphatic secondary diamines include N,N'-di-(3,3-dimethyl-2-butyl)-1,6-
diaminohexane, N,N'-dicyclohexyl-1,6-diaminohexane, and N,N'-di-(3,3-dimethyl-2-
butyl)-TCD diamine.
[0026] Relative proportions of aromatic primary diamine to aliphatic secondary diamine
are can be about 5:1 to about 1:5 on an equivalent basis. Preferably, the relative
proportions of aromatic primary diamine to aliphatic secondary diamine on an equivalent
basis are about 3:1 to about 1:3.
[0027] The relative proportions of the polyol and/or polyetheramine to the chain extender

are usually in the range of about 1:1 to about 1:4, and preferably are in the range of about

1:1.5 to about 1:3.

D. Other ingredients

[0028] Other ingredients that may optionally be used include, but are not limited to, flame
retardants or flame suppressant agents, catalysts, solvents, diluents, moisture scavenging
agents, accelerators, antioxidants, coupling agents, stabilizers, lubricants, surfactants,
emulsifiers, viscosity control agents, plasticizers, biocides, antistatic agents, fillers, fibrous
reinforcing agents such as chopped glass fibers, pigments, dyes, blowing agents, foaming
agents, thixotropic agents, cell regulators, and polymeric and resin additives. When the
polyurea or polyurethane-urea polymer is formed via reaction injection molding, the

optional ingredients also include internal and/or external mold release agents.

IL. Processes of the invention

[0029] In the processes of the invention, the "A side" reactant comprises the
polyisocyanate, and the "B side" reactant comprises the polyol and/or polyetheramine in
admixture with the diamine chain extender together with any optional ingredients. In
some processes of the invention, the polyisocyanate is mixed with polyol and/or
polyetheramine to form a quasiprepolymer. When a quasiprepolymer is used, the
quasiprepolymer is at least part of the side A reactant; the B side reactant still comprises

polyol and/or polyetheramine in admixture with the diamine chain extender. In the

10
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4.51 5.63 5.63 4.51 E-100: U-4200 (equivalents) 100:0
75: 25 63:37 50:50 A side ingredient |Isocyanate index
Rubi nate(r) 9480 1.05 1.05 1.05 1.05 Properties CGel
time <1 sec.
practice of this invention, use of quasiprepolymers is preferred way of producing

polyureas.

A. Spray coating

[0030] Coatings of the present invention are prepared by using a high-pressure
impingement spray apparatus designed to mix and spray a two-component liquid chemical
system. The liquid system is made up of a polyisocyanate (A side) with a polyol and/or
polyetheramine and chain extender (B side), which A side and B side components are
mixed in the apparatus under high pressure and sprayed onto a substrate so as to form a
polyurea or polyurea-urethane coating on the substrate. Coating thicknesses as low as
about 0.03 inches (0.08 cm) can be obtained. Generally, coatings of this invention have
thicknesses in the range of about 0.05 inches to about 0.125 inches (0.32 cm), although
coatings deviating from these thicknesses are within the scope of the invention. Coatings
with desirable gel times can be obtained without adversely affecting the coating's
properties, such as sandability, durability, cure temperature, appearance of the coating, and
application parameters such as sprayability. The reactants may be sprayed to produce
coatings on a variety of substances, including glass or synthetic fibers, woven or non-
woven substrates, wood, concrete, stone, and metal, including metal foil and steel. If
desired, the substrate may be heated prior to and/or during the application of the reactants.

[0031] In spray coating, the polyisocyanate (A side) and polyol and/or polyetheramine and
chain extender (B side) generally are placed in separate containers and then are sprayed by
a variable or fixed spray nozzle together onto a substrate. Normally and preferably, the A
side reactant and the B side reactant are sprayed at substantially equal volumes (e.g., a 1:1
volume ratio). Other volume ratios, such as substantially 2:1 (A side to B side), are
possible and within the scope of this invention.

[0032] It cannot be stressed strongly enough that one must not gain the impression that
inconsequential variations in one or both streams cannot occur. Interruptions which do not
materially affect the conduct of the process are not excluded from the scope of this
invention. To safeguard against hypertechnical legalistic word interpretation, it has been
deemed prudent to employ terms such as "substantially equal” and "substantially 2:1" in
describing this invention. But whatever the terms used, the process should be conducted

as one of ordinary skill in the art would carry out the processes after a thorough, unbiased
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6 sec. 9 sec. 15 sec. Shore A hardness 90 89 84

D 2240 Tensile strength - 1895 psi (1.31x107Pa) 1591

psi (1.10x107Pa) 1559 psi (1.07x107Pa) D-412 Modul us

(100% - 1177 psi (0.81x107Pa) 857 psi (0.59x107Pa)
reading of this entire disclosure and in keeping with the spirit of the invention gained from
such a reading.
[0033] Desired gel times vary with the particular substrate and application of the coating
being formed, but gel times of about 2 seconds to about 50 seconds are typical. Preferred
gel times again can vary, but are often in the range of about 6 seconds to about 15 seconds.

As mentioned above, changing the components of the chain extender and/or their relative

proportions can alter the gel time for the coating.

B. Reaction injection molding

[0034] Articles of the present invention are prepared by reaction injection molding. In
reaction injection molding, a polyisocyanate (A side reactant) and a polyol and/or
polyetheramine together with a chain extender (B side reactant) are brought together,
injected into a mold, and exposed to conditions such that a solidified article is prepared.
Thereafter the solidified article is removed from the mold.

[0035] More specifically, the reaction injection molding process comprises bringing
together the A side and B side reactants, usually prior to injection. The bringing together
can occur in a mixing head from which the mixture is injected into the mold. It is
recommended and preferred that the reactants are fed so that they are brought together in a
desired weight ratio. The reactants react rapidly after mixing to form polyurea or
polyurethane/polyurea polymers; in reaction injection molding, it is intended that the
polymers form primarily in the mold to form a molded article. The reactants are usually
stored in separate vessels prior to molding.

[0036] Desired gel times vary with the particular application of the article being formed,
but gel times of about 1 second to about 20 seconds are typical. Preferred gel times again
can vary, but are often in the range of about 2 seconds to about 6 seconds. As mentioned
above, changing the components of the chain extender and/or their relative proportions can
alter the gel time for forming the article.

[0037] The following examples are presented for purposes of illustration, and are not
intended to impose limitations on the scope of this invention.

[0038] In the following Examples, the reactants were sprayed with a two-part
proportioning spray machine (Graco, Inc., model # E-XP2), fitted with 2.5 gallon (9.5 L)
feed tanks, 60 feet (18 m) of 0.25-inch (6.35 mm) inner diameter high pressure hoses and

an internal mechanical multi-feed mixing spray gun (Graco, Inc., Fusion MP). A direct
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839 psi (0.58x107Pa) D-412 Modul us (300% - - 1552 psi
(1.07x10713a) 1552 psi (1.07x107Pa) D-412

El ongation, % - 258% 316% 310% D-412 Tear strength, die
C 334 pli 338 pli 344 pH D624

impingement mixing module (Graco, Inc., model # XF1818) was used, and the spray
nozzle was a metal alloy (Graco, Inc., CeramTip # 424). This apparatus is designed to

deliver a 1:1 volume ratio of the A and B sides.

EXAMPLE 1 (COMPARATIVE)

[0039] The B side reactant was made by mixing together two polyetheramines,
Jeffamine® D-2000 and Jeffamine® T-5000 (Huntsman Polyurethanes), a mixture of 2,4-
diethyl-6-methyl-1,3-benzenediamine  and  4,6-diethyl-2-methyl-1,3-benzenediamine

(Ethacure® 100, Albemarle Corporation), and N,N'-di-(sec-butyl)-4,4"-methylenebis-

(benzeneamine) (Unilink® 4200, Dorf Ketal Ltd.). Proportions in the B side were varied

in each run; see Table 1. Each ingredient was weighed to the nearest 0.1 gram into a lined
5-gallon (~22 L) can fitted with a bung lid. A 12 kilogram batch was made. After all of
the ingredients had been placed in the 5-gallon can, the can was sealed and placed on a
horizontal drum roller and rolled for four hours at ambient temperature until the mixture
inside was uniform.

[0040] The A side reactant was a quasiprepolymer of 2,4-methylenediphenyl diisocyanate
® ®
(MDI) and Jeffamine D-2000, which quasiprepolymer is sold as Rubinate 9480

(Huntsman Polyurethanes).

[0041] The B side reactant was loaded into a tank of the spray machine and a pad of
nitrogen (55 psi) was placed in the tank. The A side reactant was loaded into another tank
of the spray machine and a pad of nitrogen (55 psi, 3.79x10° Pa) was placed in the tank.
The hoses were purged of air with nitrogen, and 4-5 liters of material was flushed through
the hoses to remove any remnants of previous systems that were used. The reactants in the
tanks were heated to 50°C and the mixing/spray pressure was set at 2100 psi (1.45x10’
Pa).

[0042] The gel time was measured by spraying an amount of the liquid reaction mixture
onto a vertical panel, while measuring the time from spray impingement until the coating
no longer ran. |

[0043] Panel molds were made by using a metal panel with a polished surface that had
been fitted with four 0.125-inch (3.18 mm) thick bars to create dams on four sides. The

molds were pretreated with a silicone material (Chesterton 983, a mold release agent) to
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(5.85x104N m (5.92x104N'm (6.02x104N m) EXAVPLE 2
[ 0045] The procedures of Exanple 1 were repeated,
except that the chain extender (in the B side) was

Et hacure(r) 100 and

N, b1t -di - (3, 3-di met hyl - 2-butyl)-1, 6-di am nohexane. 5

faciRRsY cb il emSVANTES g€l phrtls Weleeprédudea Oy spaIylge irs Aliple passes,
is an average of three runs, with four sanples used

thef pixtegcef ragptantsA@ite panel sl whie dhenpaaelomgldspyare7in horizontal

ro T TR s 9L G5 G0 B BT et ot
they could be removed without distorting the resultant panels (~ 1-2 hr.). After 24 hours,
test parts were stamped from the panels according to dimensions for each applicable
ASTM test. The test parts were aged at 75°F (+/-5°F) (~24°C +/-2.8°C) for two weeks
before testing.

[0044] Results are summarized in Table 1. Each sample shown is an average of three
runs, with four samples used for each run. Sample 1 was too fast to spray. Results outside

two standard deviations were not used to determine the values shown in Table 1.

TABLE 1
Sample 1 Sample 2 Sample 3 Sample 4 ASTM
method
B side ingredients Parts per hundred A side
Ethacure” 100 24.75 18.85 15.99 12.79
Unilink™ 4200 0 10.94 16.33 22.28
Jeffamine D-2000 57.44 52.37 49.84 47.64
Jeffamine T-5000 4.51 5.63 5.63 4.51
E-100:U-4200 100:0 75:25 63:37 50:50
(equivalents)
A side ingredient Isocyanate index
Rubinate” 9480 1.05 1.05 1.05 1.05
Properties
Gel time <1 sec. 6 sec. 9 sec. 15 sec.
Shore A hardness - 90 89 84 D-2240
Tensile strength - 1895 psi 1591 psi 1559 psi D-412
(1.31x10’Pa) | (1.10x10’Pa) | (1.07x10Pa)
Modulus (100%) - 1177 psi 857 psi 839 psi D-412
(0.81x10’Pa) | (0.59x10’Pa) | (0.58x107Pa)
Modulus (300%) - - 1552 psi 1552 psi D-412
(1.07x10'Pa) | (1.07x107Pa)
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N, Nt -di - (3, 3-di met hyl-2-butyl)- 1, 6-di am nohexane 9. 98

14.78 20.27 Jeffam ne D 2000 57.44 52.37 49.84

Jef fam ne T-5000 4.51 5.63 5.63

E-100: N, N -di - (3, 3-di met hy1- 2-

butyl)-1, 6-di am nohexane (equival ents) 75:25 63: 37
Elongations . o' 09 1 ngredrent, jeocygnate,ndex| Osioe | paiz
Tear strength, die C - 334 pli 338 pli 344 pli D-624

(5.85x10°N/m) | (5.92x10*N/m) | (6.02x10*N/m)

EXAMPLE 2

[0045] The procedures of Example 1 were repeated, except that the chain extender (in the
B side) was Ethacure® 100 and N,N'-di-(3,3-dimethyl-2-butyl)-1,6-diaminohexane.

Results are summarized in Table 2. Each sample shown is an average of three runs, with

four samples used for each run.

TABLE 2
Sample 5 Sample 6 Sample 7 ASTM
method
B side ingredients Parts per hundred A side
Ethacure”. 100 18.82 15.97 12.72
N,N'-di-(3,3-dimethyl-2-butyl)- 9.98 14.78 20.27
1,6-diaminohexane
Jeffamine D-2000 57.44 52.37 49.84
Jeffamine T-5000 4.51 5.63 5.63
E-100:N,N'-di~(3,3-dimethyl-2- 75:25 63:37 50:50
butyl)-1,6-diaminohexane
(equivalents)
A side ingredient Isocyanate index
Rubinate® 9480 1.03 1.05 1.03
Properties
Gel time 4 sec. 7 sec. 11 sec.
Shore A hardness 88 90 91 D-2240
Tensile strength 1953 psi 1916 psi 1612 psi D-412
(1.35x10'Pa) | (1.32x10'Pa) | (1.11x107Pa)
Modulus (100%) 1037 psi 990 psi 892 psi D-412
(7.15x10°Pa) | (6.82x10°Pa) | (6.15x10°Pa)
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Rubi nat e9480 1.05 1.05 1.05 Properties Gel tine 4
sec. 7 sec. 11 sec. Shore A hardness 88 90 91 D 2240
Tensile strength 1953 psi (1.35x107Pa) 1916 psi
(1.32x10713a) 1612 psi (1.11x107Pa)

Modulus (300%) 1903 psi 1809 psi 1547 psi D-412
(1.31x10"Pa) | (1.25x10’Pa) | (1.07x10'Pa)
Elongation, % 316% 322% 326% D-412
Tear strength, die C 353 pli 339 pli 332 pli D-624
(6.18x10*°N/m) | (5.93x10°N/m) | (5.81x10*N/m)

[0046] It is to be understood that the reactants and components referred to by chemical
name or formula anywhere in this document, whether referred to in the singular or plural,
are identified as they exist prior to coming into contact with another substance referred to
by chemical name or chemical type (e.g., another reactant, a solvent, or efc.). It matters
not what preliminary chemical changes, transformations and/or reactions, if any, take
place in the resulting mixture or solution or reaction medium as such changes,
transformations and/or reactions are the natural result of bringing the specified reactants
and/or components together under the conditions called for pursuant to this disclosure.
Thus the reactants and components are identified as ingredients to be brought together in
connection with performing a desired chemical operation or reaction or in forming a
mixture to be used in conducting a desired operation or reaction. Also, even though an
embodiment may refer to substances, components and/or ingredients in the present tense
("is comprised of", "comprises”, "is", etc.), the reference is to the substance, component or
ingredient as it existed at the time just before it was first contacted, blended or mixed with
one or more other substances, components and/or ingredients in accordance with the
present disclosure.

[0047] Except as may be expressly otherwise indicated, the article "a" or "an" if and as
used herein is not intended to limit, and should not be construed as limiting, the
description or a claim to a single element to which the article refers. Rather, the article "a"
or "an" if and as used herein is intended to cover one or more such elements, unless the
text expressly indicates otherwise.

[0048] Also, even though the claims may refer to substances in the present tense (e.g.,
"comprises", "is", efc.), the reference is to the substance as it exists at the time just before
it is first contacted, blended or mixed with one or more other substances in accordance
with the present disclosure.

[0049] Each and every patent or other publication or published document referred to in

any portion of this specification is incorporated in toto into this disclosure by reference, as
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(300% 1903 psi 1809 psi 1547 psi D412 (1.31x107Pa)
(1.25x107Pa) (1.07x10713a) Elongation, % 316% 322%
326%

if fully set forth herein.

[0050] This invention is susceptible to considerable variation within the spirit and scope

of the appended claims.
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4. A coating as in any of Claims 1-3 wherein said polyisocyanate is 4,4-

methylenediphenyl diisocyanate, 2,4-methylenediphenyl diisocyanate, or a mixture

thereof.

5. A process for forming a spray coating, which process comprises bringing
together at least

(A) atleast one aromatic polyisocyanate; and

(B) = amixture formed from components comprised of

Q) at least one polyol and/or at least one polyetheramine,
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nixtusofoyaedirem @mpnmts comerisdiesfeof 5. A process for

form a spr oatin whi ch process. conpri ses
(1E)ri n@fﬁ@“f’lﬂ%@&&@fﬂr@{ or| 36 Jgapt Qug)Po e%h‘eé%@‘cneone aronmatic
(B0 Y b G ofimRP dithe, gl Xt ur e formed from
onponents conprised of (i)at |east one pol yol and/or
(#@) | emstiplatie podndarn diaamingiavhich is N,N'-di-(3,3-dimethyl-2-butyl)-1,6-
diaminohexane, N,N'-dicyclohexyl-l,6-diaminohexane, or N,N'-di-(3,3-dimethyl-2-

butyl)-TCD diamine.

8. An article as in Claim 7 wherein

(i) is an aromatic primary diamine in which each position ortho to an amino group
bears a hydrocarbyl group, and which aromatic primary diamine is in the form of
one phenyl ring having two amino groups on the ring, which amino groups are meta
or para relative to each other, and/or the hydrocarbyl portion of the aliphatic

secondary diamine is a straight chain.

9. An article as in Claim 7 wherein
(i) is a mixture of 2,4-diethyl-6-methyl-1,3-benzenediamine and 4,6-diethyl-2-
methyl-1,3-benzenediamine, and/or
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13. A process as in any of Claims 5 or 11 wherein
(ii) is a mixture of 2,4-diethyl-6-methyl-1,3-benzenediamine and 4,6-diethyl-2-
methyl-1,3-benzenediamine, and/or
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process as in Claim111l wherein (ii) is an aromatic
primary diam ne in which each position ortho to an
am no group bears a hydrocarbyl group, and which
(ify BEMN'ali03,3 rddythet-24butyd)-1 ,§-diaminobetane or N, Nodeyglhbewnll-1,6-
ring having two am no groups on the ring, which am no
X3%e nmeta or para relative to each other, and/or
the hydrocarbyl portion of the aliphatic secondary
diamne is a straight chain. 13. A process as in any
14 ai Asprbeass ad in mmepé[ltan@s i5) 6j §1,al Zyiox tlgrwhepdin (i) is at least one
é-4hd|et | - 6-met hyl -1, 3- benzenedi am ne and
POLYRINERARNRR; 1 0. nethy1-1,3-benzenedianine, and/ or
(iit) is
N, N-di - (3, 3-di methyl-2-butyl)-1, 6-di am nohexane or
15N N 4i rgesise h%mypfﬁlalmswn bheb?aﬂél 3 whareinssaist pRlgisgcypgate

LA SR Sronbe. 28 m it kit et o

m$ttaietBer@of, 6, 11, 12, or 13 wherein said polyisocyanate
is 4, 4-nmet hyl enedi phenyl diisocyanat e,
2, 4- et hyl enedi phenyl diisocyanate, or a mxture

h ' , .
45 S T 1 L PR gy o
(iVisasduasipepblymmmdr.

21 00



