,e3eSP | 4R6T8@1 f | L 2003 " PROCESS FOR MAKI NG ANAEROBI C Qﬁgﬁﬁf%m3
. ADHESI\VE COWP mu“ﬁwmw invention relates to a nethod of prepari
anaer obi c- cur 5 and seal ant conpositions containing

pol ymeri zabl e acryso2e ester nononers. In US patent 4,235,986, a nethod was
di scl osed for preparing storage-stabl e anaerobi c adhesi ve conpositions that
did not require the addition of peroxi initiators. In this nethod, the
nmononers to blﬂuwmmﬂm’um d and an organic cyclic sulfinide are first

subj ected to ter chelation) a tertiary amne is added and air
is 10 vigorously wsdsicew ed into the mxture as the mxture is heated to a
tenperature in the range of 45- i e course of this reaction, an
active and stable anaerRQL&@@P%%E\%%SE%ESQE%POW@NWt hod takes up to 12
hours of processing tine to ormtlhe adhesive conposition. If the
processing time is shortened, the activity and the stability of the
adhesive are inferior. 15 This invention is an inprovenent over the nethod
claimed in US pat emtis Ayed&d, 086s td & nlea®d ROwWephrien ackesdiorcaing chdbdsme when

speci fic qui nones are added as polynerization inhibitors to the

manuf act ur FngameteRlad cerareeiidnp exptaninstrRimerFaliesrry/ate aster prescesssi ng tine for

form ng the anaerobi ¢ system can be unexpect edlg and dramatically reduced
toatime within tﬁ@srp§%§%4'%§?'9%ané megiog Hﬁ&' Bﬁerdsf,rpéer‘i’ar”}gcf‘f"ir"{?@s?ﬂﬁ 20 stable
a<i hesi ves ca I : Ct | inone. ving a

nor mal pot ent ?T’i ﬁllb?l% Elofgcrrp gll@]p se%f“‘g"g‘“f\é%ﬂ%é@ %?@?ngfggf]{}q@t%@o 0 4, volts
The anaer obi ¢ |radbaeind€ tHeaRPesért kOBSpdlreRat 8kl BYorbdhR dyeipkanAge 48t hod are
based on pol ynmeri zabl e net hacryl ates and acryl ates and an accel erat or

syst em consi sfilshgubisbteditr etre@hant | Aftet ehdlatiam,ya &riianyeandnedis saddagr grelrdircis cycl i

sul fimde. 25 Thus, this invention is a process for making the anaerobic
curi ng adH@si ViEorBSHgEsS: N AhecBikpiei a8i thfgMiiWE is BeRihPi2alPMRY¥e e (a)

provi di ng a honoge u i xture of pol zable acrylate o t hacryl ate
nonomers, or DOF ,°ng°é@8{8rc grbqgftﬁ?ﬁcgﬁ,sygp seﬁea?'f’rﬁgaréﬁg“r’ﬁ ,a”d;ﬁ{éﬁ?)ne or nore
qui nones havi BosAbRALNELe RAAE. | s hdhdsikes @982 BburforprockQing i@ VO! TS,
preferably 0.3 to 0.4 volts, (b) heating the mxture to a tenperature 16
JUL 2003 2 i ntdfbren theasugesivefcodimsilidd0 @ theQtroca@sqigtimo @& sbdriehéd e aétivigciht ve to
chelate any netal ions in the mxture; (c) adding an aromatic tertiary

am ne to the tleslabititeef the adpesive ere(figrioneat i ng the mi xture to a tenperature in
the range of 45C 100C, %r ef er abl é at about 67C, with sufficient agitation

to introddde air i M ™WHENE N UFPErFE R G rdrtye ¥9mRd P S R ange of 5

one to four h?,zﬁss,sse.' % HalGol 'Bisetnio?slc?\%Fe%Rh%tPﬁh%ﬁh%g?ﬁcgﬁ%%ﬁﬁez}r% dc{ég{ég’”ers to be

pol ymeri zed, e qui none, the cyclic su e I ng agent

(for chel ati ngoigfytizdtba@eibiteRs Blthd MBIty ABNodRsPHESANkat bRedth@se Materi al s)
are m xed together by stirring and heated to a tenperature in the range of

45- 100C for appesssiogl tiok foi remipf ftle tanaepobico systeke céhde 1heriextedly enfionbgeneous.

Typically, this will take about one hour, although for sone m xtures up to
t hree hours nﬁvng@apyéé%ﬂj to a time within the range of one to four hours, and active and

20 stable adhesives can be obtained. The effective quinones are those having a normai
potential in the range of 0.25 to 0.45, preferably 0.3 {0 0 4, volts
The anaerobic adhesive compositions prepared by the improved method are
based on polymerizable methacrylates and acrylates and an accelerator system
consisting of an aromatic tertiary amine and an organic cyclic sulfimide.
25 Thus, this invention is a process for making the anaerobic curing adhesive
composition comprising the sequential steps of. (a) providing a homogeneous mixture
of polymerizable acrylate or methacrylate monomers, or both, a cyclic sulfimide, a
chelating agent, and one or more quinones having a normal potential in the range of

0.25 to 0.45 volts, preferably 0.3 to 0.4 volts, (b) heating the mixture to a temperature



The preferred chelating agents are a- and p-ani nocarboxyl ates, o0
_tetrasodi um et hyl enedi ami net et raacetic acid (Na4ETDA) or di ammnl u’frﬁ JUL 2

et hyl ene di am netetraacetic acid (NH4)zEDTA, and will be present in an
anount from about 15 0.005% to about 0.2% by wei ght of the total
conposition, preferably from0.01 to 0.1 by weight. The qui nones are those
having a nornmal potential of 0.25 to Q.45, and preferably 0.3 to 0.4,

volts. A treatise on the normal potential of quinones nay be found in
Fieser & Fieser, "Organic Chem stry", 2" Edition) 1950, D.C. Heath & Co. 20
New Yor k, page 752 et seq. It is only wthin this normal potential range

that the conbj | on and stahilit ui tabl e

qui nones are 3! ?WS)?@‘{E i& é\éﬁ? ﬁ?{&&f’fﬁ'&’?@?%fﬂ éc%e)f’ rd g‘?n nsﬁ%‘pﬁt hoqui none.
The Exanpl es (%QQVX t(&% dﬂg@?\ a%a%r%ar?famQE?thé &%Mte@mt@&t(d)‘ﬁéétl){g he not
obt ai ned by quinones having higher or |ower potentials. dunpbnes that do
not meet the mREH tb @NEHHerdd inttheraffRrdiab cpobenprerlably angwutdT cGrman f or
exanpl e, a-napht hoqui none, p-napht hoqunone, p-benzoqui none, o benzoqui none,
di phenoqunonesuffaiet aaitetion aqirrhonerr infaftheemixtoteddrat Aeded of me drtpd r@tgs,of t he aromati ¢
tertiary amne is added to the mxture. The mxture is stirred vigorously
so as to ihtregiekudpyrs; nto the mxture while 1 6 JUL 2003 3 it is

si mul t aneousl y heat rat ure thin he ra 100C,

ot efer ably at 67C P i Pecte BERG Peprsge Mt PUBPPYdo (B BBRIE B ot abl e and
an active anagfphi qhec&alcrgglrafapeaﬁav@chm% klénmoac%e@hg%y QPR e f OUr hours.
Suitable aromatic tertiary amnes are the di al kyl'aryl am nes and N, N5
di al kyl subst bhsth®cha@ by prestiii il B8seThatdriae) egeﬁh&éadogétm Bstiering Byd Héat¥d (R3) m 10 Rz
in which X represents a carbocyclic aromatic nucl eus selected fromthe
group consi st ferageiergihieimythe ranat af APHIOAYA forr aprieivfdime Rffectivedto Rekeahe | ower al kyl
radicals of 1 to 4 carbon atom; inclusive; R3 is selected fromthe group

consi sti nd? of mixHWeW"}SPW?“S Tpigasy. e t%HeI&?W P& P8R of SPBe 4 car bon

atons, and m t, f Exenpl ary am nes i ncl ude
N, N- d| met hyl a'qul& %Egb{ll\ﬁgﬁe%ugt%ylbgaﬁ? d|edne ~-1 sopropyl - N, Ndi et hyl ani | i ne,

R-met hoxy- N, N- di menyhra@idd Bifeiatihy Modhd Bt ¥l -ama férﬁlhd@hr@@xylates. e.g.,
N, Nd~net hyl - @t ol ui di ne, N, N-di net hyl -Ln-t ol ui

N, N- di et hyl - gtetrazbsiirg | efrglenddjafineBirdbcet nedid3(Na;EDAE bh yibmiNodiind ietigedey | ani | i ne,

and the like, as well as m xtures of those. In 20 general, amines with a

| ow degree of di%f@ih‘%i%tiameﬁiﬁya@ﬁ@%)@ii@T(ﬁ eyd Wi de preasewrir et amoynt flom about

N, Ndi et h?!f-~-tol ui di ne preferred. O dinaril >I‘l?°1t he concentration
t

of tertiary ahfde tf’é??db%z%’ P’b\gﬁ%‘b?f&e ‘ﬁfa'(?im‘f%'“%‘b/q"’eﬁffb\)(/é’f’@ &% the total

conposition. Jha,gyclic sulfimdes suitable for use in the inventive
process are conpounds of the formula: RSSNC QO "OHOZ25 in which Ris a

di val ent aromati c THeCJuRbigesCdre GhoE@ by atneral bdiedtialb@nulss th@ssswhd i m de group
in a heterocyclic ring or a polynuclear heterocyclic ring. Anong the cyclic
sul f1 m des subrefatabli 0.3de Benyaits.c Adigktise vh de r(osmtobtamiblrr)f apigonepsiey pe ef erred. The

anount of 16 J UL 2003 4 sulfimde errg t(%%ed will range from about 0.01
to about 12% BV”%lF&ﬁ?r SofFieseheCeBtial "o Hon 19K0e P& SFdn &fer al ¢l asses

of acryl atZ(?S QQVQ Yrr?t pag gé g{[ see% tthétonlgrwethm rﬁs Ht!rmgl potential range that the

combination of activity and stability are obtained. Suitable quinones are 2-methoxy-

1,4-naphthoguinone and 2-hydroxy-1,4-naphthoquinone. The Examples show that

the balance of stability and activity 1s not obtained by quinones having higher or lower

potentials. Quinones that do not meet the requirement for the normal potential range

25 are, for example, a-naphthoquinone, p-naphthoquinone, p-benzogquinone, o-
benzoquinone, diphenoguinone, and anthraquinone.

After chelation is complele, the aromatic terliary amine is added to the

mixture. The mixture is stirred vigorously so as to introduce arr into the mixture while



make anaer obi ¢ adhesi ve conpositions. One class corresponds to the gefey dL 2003
5 formula: ORROII | | Il CCGCCGO(CHZ MCCGOCCCH2 R ~R' HR p

"n'in which Ris selected fromthe group consisting of H CH3, CH3CH2 ,

-CHZOH, and OIl -CH2 OCGCCHZ I 10 Rin which R is selected fromthe

group consisting of CI, H CH3, and CH3CHz-, and R' is selected fromthe

group consisting of H -OH and OIl ;OCCCHz | 15 Rmis an integer of 1

to 8, and preferably from1l to 4; n id an integer of 1 to 20; and p is an

integer of O or 1 Specific nononers falling wilhin the above general

formul a i nclude, for 20 exanple, ethyleneglycol dinethacryl ate,

et 1 act nyl ored IS E 52B) e B G Y HCROIoTe Sy TRCe B8 hy1 eneg ycol
di met hacryl at %i Gf‘)anftofag'b rFoEQ)S Q‘JEF Eﬂ%é& glto%de Q‘nglgtaFc?ran Q&*/é(g%e%icd' acryl ates

and di net hacryl at es. Anot her cl ass corresponds 10 the

gener al for muleging Qurdsild. bt 1 ledoofrosd tb Burdne: R'-C- (O R ~ O G C=CH2 OO m
which Ris selected fromthe group consisting of H CI, CH3 and CH3CH2-; 5

R is an al kyl ene giitbe 2raratGtediarylemmeatagarhe NN-dialkylad|agtiteednd No¥n t he group
consi sting of I—ngHZ)min which mis an integer of 0 to 8 \CC-\CC-H\ .
f-~ ~H , HP Cday §rbstitaed gryl amnegpidhergensia) fAm¥Epr esent s an integer of 1 to 4.
10 Typi cal nononmers of this class include, for exanple, dinethacryl ate of
bi s(et hyl enegl ycol ) adipate, dinmethacrylate of bis-(ethyleneglycol)
mal eat e, di methacryl ate of_Qhig(,di et hyl enegl ycol) phthal ate, dinethacrylate
; (R3) )

of bis(tetraethyl enegl yco/l pht'hal at e, di methacryl ate of
bi s-(tetraethyl enegl ycog) mal onate, dinmethacrylate of
bi s- (tetraet hyl enegl ycol) sebacate, dinethacrylate of bis 15
(et hyl enegl ycal whiphthebmsenis dicabdyslicrayéredtie nofledsi letteetilometbydr@negl ycol )
mal eate, and the diacrylates and a-chl oroacryl ates corresponding to said
di et hacryl at &gensistingpf phgayl and naphthyl radicals; R, and R, are lower alkyl radicals of 1 to 4

carbon atoms, inclusive; R, is selected from the group consisting of lower alkyl and

15  lower alkoxy radicals of 1 to 4 carbon atoms, and m is an integer of 0 to 7. Exemplary

amines include  N,N-dimethylaniline, N,N-diethylaniline,  p-isopropyl-N,N-

dimethylaniline,  p-methoxy-N,N-dimethylaniline, ~ N,N-dimethyl-p-toluidine,  N,N-

dimethyl-p-toluidine, N,N-dimethyl-m-toluidine, N,N-diethyl-p-toluidine, 2,4-,3,4- and

3,5-dimethyl-N,N-dimethylaniiine, and the like, as well as mixtures of those. In

20  general, amines with a low degree of volatility and toxicity are preferred, with N,N-
dimethyl-p-toluidine being most preferred. Ordinarily, the concentration of tertiary
amine ranges from about 0.01 to 3%, by weight of the total composition.

The cyche sulfimides suitable for use in the inventive process are compounds

of the formula:

05 OH O

in which R is a divalent aromatic nucleus of 6 carbon atoms that bonds the sulfimide
group in a heterocyclic ring or a polynuclear heterocyclic ring. Among the cyclic

sulfimides suitable, o-benzoic sulfimide {saccharin) 1s most preferred. The amount of



like. Athird class is nononers that are isocyanate-hydroxyacryl ate1cﬁrJUL 2003
i socyanat eammoacryl ate reaction products, which may be characterized as
acrylate-term nated 20 pol yuret hanes and pol yurei des or pol yureas. These
nononers correspond to the general formla: 1 6 JUL 2003 6 0 LA-X-C NHB
nin which Xis selected fromthe group consisting of R-O- and -N and R
is a nenber selected fromthe group c2n5| sting of hydrogen and | ower 5

al kyl radicals of 1 to 7 carbon atonms,;” A represents the organic residue of
an active-hydrogen-containing acrylate ester in which the active hydrogen
has been renoved, the ester being hydroxy or am no-substituted on the

al kyl portion, and the nmethyl, ethyl and chlorine homol ogs; n is an integer
from1 to 6 i PHYMIRS] Srploverhyil I?E‘QB”P@ 350%8% 17000l A4/ 2 weight gf baid radi cal

sel ected fromcgmh% %(oup consi sting of alkyl) alkylene, alkenyl, alkenyl ene,
cycl oal kyl, cyclo *S yl ene, aryl, arylene, aralkyl, aral kyl ene, al karV~i

al karyl ene, pol y(oxual §¥L&RR) cadd M@@@%Qpafk%mamw&sem)aﬁe ABd et erocycl i c
radi cal s both substituted and unsubstituted. Typical nononers of this class
i nclude the reaead brizlropit Gdbeive GhomposiBIZ0- OB clds fdleyHos@Cpatnatgenerd or exanpl e,
tol uene diisocyanate or nethyl ene bis-phenyl diisocyanate, with an acrylate
est er cont &i nforrgplaa hydr oxyl or amino group in the non acrylate portion, for
exanpl e, hydroxyet hyl methacryl ate. Another class corresponds to the
acrylate diesters of bisphenok-type co whds. oThese nononers may be
described by the formul a: 20 R3 R~ 10 =C iG(o-CGCHz)~p ~ ~ c-
~-~ 0- ~CHz c-or-c-c=cHCRERE—RzIRY (CeP-RE—%=rt hyl , ethyl, carboxyl
or hydrogen; RZ is hydrogemrR nethyl or| gt hhyl R HS hydrogen met hyl or
hydroxyl; R is hydrogen, chlorine, nethyFpor ethyl; and n is an 25 integer
of fromO to 8. 1 6 JUL 2003

in which

R is selected from the group consisting of H, CH,, CH,CH,—, —CH,0H,

and
o)
—CHz---O—-éI:—?=CH2
10 R
in which R’ is selected from the group consisting of Cl, H, CH,, and
CH,CH,—, and
R" is selected from the group consisting of H, -OH, and
o)
——O—%— (IZ=CH2
15 R

m is an integer of 1 to 8, and preferably from 1 to 4; n 1s an integer of 1 to 20;
and p1s an integer of O or 1.
Specific monomers faling within the above general formula include, for
20 example, ethyleneglycol dimethacrylate, ethyleneglycol diacrylate, polyethylenegiycol
diacrylate, tetraethyleneglycol dimethacrylate, diglycerol diacrylate, diethyleneglycol
dimethacrylate, pentaerythritol tnacrylate, and other polyester diacrylates and

dimethacrylates.



7 Representative nononers of this class include dinethacrylate and 6 JUL 2003
_diacrylate esters of 4,4'-bishydroxy-ethoxy-bisphenol A; dinethacrylate and
di acryl ate esters of bisphenol A Another class consists of nonofunctional
acrylate and nethacrylate esters 5 and the hydroxy-, am do-, cyano-,
chloro-, and sil ane-substituted derivatives of those. Such nononers

i nclude, for exanple, nethyl acrylate,. nmethyl nethacrylate, ethyl acrylate,
et hyl methacryl ate, hydroxyethyl methacryl ate, hydroxypropyl acrylate,

hydr oxypropyl nethacrylate, butyl acrylate, n-octyl acrylate, 2-ethyl hexyl
acryl ate, decyl nethacrylate, dodecyl nethacrylate, cyclohexyl

net hacryl at e, f-buéélhlq nethacnéla e, acnylaq{de, N- et hyl ol acryl am de,

di acet one acryl ani QECREESSETSHPC ?:Piyiea%?f’ed%,or %_octyl acryl anide,

N but oxyacryl am de, ga met hacryl oxypropyl tri met hoxysi | ane, 2-cyanoet hyl
acryl ate, 3-cyanopropyl pcrylate, tetrahydrofurfurylychloroacrylate,

gl yci dyl acryl at e, HgHfet+ayP—fet Bacryi at 6— @R heO+&eC=Phe parti cul ar
nmononer enpl oyed nmay be chosen sollas tollcontain an 15 al coholic or other
relatively polar group subst it uen. Exafipl es of such polar groups, in
addition to the hydroxyl group, include am no, am do, cyano, carboxy,

mer capt o and Ha¥den pol ar groups. Mononers contai ni ng hydroxyl groups

and/ or | abile hydrqgen, at re preferred. | es acrylic nononers
within this cat ego%&s slelr?gllegg'gm ﬁ?{&rlp%%( PRYHDT g&c%?‘g%pae”,d %@%ﬁbxypr opyl acrylate,
hydroxyet hgl met hagrylali§iend Qg6 Qxyd ! nmethacrylate, diacetone
acryl am de, 2-cyanoethyl "acryl ate, 3cyanopropyl acrylate, 2-chloroethyl

acryl ate, gl ycer ol rRneBsassRidatE gadup condisig@dr oxy- 3chl or opr opyl nmnet hacryl at e.
It is possible to enploy a m xture of acrylate or nethacrylate ester
nononers or a conbi nati dfHof- imeigh rais@n aitedérof 018t hacryl at e nononers with

ot her non-acrylic, 25 ethylenically unsaturated copol yneri zabl e conononers
such as unsaturated hydpéCay bons, uwpsat urated esters, tnd ethers, vinyl
esters, and the like. Ty A~ opt i offErGcomononer s5FRcl ude vinyl acetate,
met hyl vinyl ether, met W~ vinyl KketoneH polyetHyl ene naleate), ally!

al cohol, ally! acetate, 1-octene, styrene, etc. Preferably, 16J UL
2003 8 the total optionql non-acrylic nonggs) will constitute no nore

t han 50% by wei ght of the=@noner bc co§§9§¢1lbn, and nost preferably no
nmore than 30% The cycﬂrc s&ﬁginide, ayomat\y c; tertiary am ne and chel at or
that nay be enployed in this nethod are generally soluble in the acryl ate-
and nethacrylate 5. hased. Qggﬁgbgoﬁyﬁgens; therefore, it is usually
unnecessary to enpfoy a solvent Or diluent in order to produce a

sati sfactapy adhesiryfcacasieesistor k. clds incl@sNV@f @kampldneimpihespacer - a sol vent
or diluent is desired, then any solvent or diluent that dissolves the

i nhi bi tor, chdétemeneglycsiul fadivpide dimdtheesyiate argf abd-(atbyleneglyeedl | malgatany

accel erators present, may be enpl oyed. Comon sol vents are described in the
literature and™f§eFHeude! fB‘F(r‘T’EBE‘%Qﬁ’i?P'é‘P')aI wakEre, stedhaggafet heinol , et hanol
and but anol , i d subst | d for 1 c s formam de
and N, N-di net tﬁt}ﬁ?%'rémqﬁeé@%oﬁarf%{hﬁltg)t{gyeg'?' tgarh Lcﬁleﬁ%eﬁ SE@-&% :%%H%I%Igpfoﬂt he

conposi ti ons nEonatk SindiRkAleN! Bit-NBFaeRfltlchlydbd Settatd ufndtROVBe dNsls-used in the
art to inpart commercially desirable properties. Such additives 15 include
pol ymeri ¢ 1Bhi ckeyemegycoplpatbtlate,i dreetisacrydiced, big-(iraedtyreogihcolngeletts, amert filling
mat eri al s, and rubbers for enhancing shear and inpact strength. Optionally,
ot her free radiec@cnatistangeghigrozcatiptdseconesdending Weeid dmethacylaier.cngded, such as
when t he adhezive conposition is placed between netal or other inpervious
surfaces, free“¥adicals are generated, and the 20 pol ynerization of the

th | at d I i ti de by th
met hacryl ates and aGf M Ales m%%e?sctﬁé{’éiedrc{Eifl'aﬁate%{bg%ﬁée%%a?é&r do@fAnafBAE DY the

process of this invention are particu Sui or use as | ocking
conpounds for GR¥BENIkE eablsh $robiqts BREAHBMbeSahESHze P bS AiiSetrindMésh housi ngs,
and can be applied either before or after assenbly of the conponents. 25
TEST PROCEDURESlyTRtparfes lahdwoineidee st pgyuomed Uhes rmpeers SetkspendttheheExanpl es.

Determ nation of Stability. A total of 250 cc of the adhesive is added to a
general formula:



2003

pol y-et hyl ene container, and placed in an oven at 50C for ten da)]sﬁ, ‘Jl(l]]'url ng
~which the 1 6 JUL 2003 9 condition of the adhesive is nonitored. The tinme
necessary for the conposition to undergo gelation or loss of activity is
used as an approxi mate neasure of the long termroomtenperature stability
of the adhesive using the criterion that an adhesive still free from
gelling after ten days accel erated aging at 50C wll be stable at anbient 5
tenperatures in the presence of air for at |east about one year.

Determ nation of Gel Tinme as a Measure of Shelf Stability: Atotal of 5 cc
of the sealant is added to a test tube, which is then placed in a bath
heated to 82C for a m ninumof 30 m nutes. As an approxi mate correl ation
with roomtenperature stability, {30 m jutes of aging in the bath is deened
equi val ent to one year of agi ng gh—Po-€odhrtBenperature. Determ nation of
Torque: The strength of the bond between ttreaded nenbers is neasured both
before and after accel erated agjng. About two or three drops of adhesive
are placed on the &Zﬁ&gé‘ds N Fté‘g{ﬁ‘g‘glafgrg‘l’%cof’ﬂ%'ﬂg Qi ameter Grade 5 steel bolts
having 16 threads per inch, and i mediatelyghereafter a nut with mating 15
threads is run onto the bolt so that the nutj is directly in the thread area
of the applied adhesive. The adhgsivegis allyowed to set and cure at room
tenperature for a specified tine, 15 mnutes, 30 mnutes, and 24 hours, and
the strength of thend®Brd Meobeadebiet ierahe grie cotkistiayod hjaedgen are laweasur ed. The
average prevailing torque for the bond is the average anount of torque
required fd&r &kniredigls of bot’ gerhoneataes; | es of three 20 bolts for '/, turn, '/s

turn, '/, turn and a full turn. Conmercially, bol t adhesi ve devel opi ng an
average torque of PIEARRIIBKS AEPUGESUFL ?“af%ﬂéﬁ%?@”ﬁ?“%’lﬂg@cﬁy@econsi dered

satisfactory. e(%?]%{ R R %c%gla Iggrrogénmgggetei\ WMoveld, ﬁ@ésté&ieig@?}fgnﬁy-ﬁppve et hod,

each nut and b I's teste resistance to turnin I'ng finger
strength. If tdhfmolaObstituied of ih@Bikyl SdMbn Znd iSRS ethyi BAdi ABriNdnbAbIBEs S M nut es
after the adhesive is applied, the adhesive will cure to give adequate
comerci al st rengt h.s ahhiteget fest 1 tb § iralugiwe @id and prelimnary test for strong
adhesi on. 1 6 JUL 2003 10 The invention is further described, although
shoul d not'%e deemBds & GoRECr|PPifAea R 9aH redirs! TelsFied e e BICHPRPESiNaEXAMPLES
Four conpositi re pr red fromth anpopents_in Tabl e 5 Table 1
Conposi 1 on | fRBh BHee: FRT oHER CErt P Ea RS oty Gt g Feneg! yool

di net hacryl at . 3Ry d

met hacr yl at e2§a.76 %.Z%Z%'.Z%ES%GAM hr g%?()ﬁ%%%n?)b.pgﬁc?r? cjaIZk-o )l%gltk I%nfi?-aln,d& napht hoqui
none- - - - 0. 01- -hateNayadid laaIcHIE baditebstituted arkd. Ddbaadar i n3. 03. 03. 03. OEDTA

(NH4) 20. 020. 020. 020. 02N, N- Di net hyl - g-t ol ui di nel. 01. 01. 01. 0 The structure
and the normal pot éwtidahinorfogerst dh ¢hisgesa diside tha regetianirsddugirat ageenpodr | ows: O / |\
\' / O

15  polyisocyanate, for example, toluene diisocyanate or methylene bis-pheny!
diisocyanate, with an acrylate ester containing a hydroxyl or amino group in the non-
acrylate portion, for example, hydroxyethyl methacrylate.

Another class corresponds to the acrylate diesters of bisphenol-type

compounds. These monomers may be described by the formula:

? F|<3 R! R® ﬁ)
| |
HyCe=C— C—(0—C—CHy)r— o,@ ?—Q O— (CH,— c|:—0)n—— C—C|:=CH2
2 1 2
k“ R R R R¢

in which R' 1s methyl, ethyl, carboxyl or hydrogen; R? 1s hydrogen, methy! or ethy!; R

20

is hydrogen, methyl or hydroxyl; R* 1s hydrogen, chiorine, methyl or ethyl; and n is an

25 integer of from 0 to 8.
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2- Met hoxy- 1, 4- napht hoqui none oa~c p,353 V. OO5 , a- Naphthqu|none pa~ g
p,484 V. Al of the conposition ingredients, except for the

N, N- di met hyl - ~-tol ui di ne, were heated with gentle stirring at 67C unti l
honbgeneous, about one hour. The N, N-di net hyl - ~-tol ui di ne was then added
and agitation increased to forma vortex to 10 aerate the ingredients for
four hours. Each sanple was then cooled to roomtenperature and
investigated for activity and stability according to the test procedures
descri bed above. The results are reported in Table 2. Table 2 Test
Procedur eSanpl eABCDGel Ti ne (m nutes) 0-150- 15>120>120Flng8rti§ht Ti me

(mi nut es) 0- 1515- 30BeP1asenta e BPRATE sA' i claps; inglpde frpethagylate and diacrylate

(N0, 20713, B Tol SRl 51060, TLOULS U el D esdishugTrpaue aftor 21

hour cure (N geration m

days<1<1>10<44g&dnolQ days an 50C Gel time (m nutes)---->120-- 16J UL
2003 12 Fingertight Time (mnutes)----0-15--Torque after 30 m nute cure
(Nm) - - --5. 2- - Tor quenoarki esss4bngidta bit reorofun@ioraNadrylate e methachtateeeeraf t er 24 hour
cure (Nm----28.9-- The data evidence that Sanple C, prepared with the

2- met hoxy- &, 4anphiovdesyui anddee cyatenonaey endadanpatbstitaed w'mt'yesmwoy ability

after only four hours of processing tinme. |In cont ast A, prepared
wi t hout the qﬁi“i’fdﬁ%wmﬁréé” € fﬂreF’TamglﬁaﬂFtN'taf/W'at‘fh'@m ' ipggha a'%glﬂg'pr epar ed

W th qui nones_whLh BRY MLy ROLENT AL AY étﬁ’jﬁ Qe & %VB#%BM PRhRRL 1 al range
show i nst abi | ﬁ&/ on agi ng a& %O(E! il g i‘ e Od1
hydroxypropyl methacrylate, butyl acrylate, n-octyl acrylate, 2-ethylhexyl acrylate,
decyl methacrylate, dodecyl methacrylate, cyclohexyl methacrylate, f-butyl
10  methacrylate, acrylamide, N-methylolacrylamide, diacetone acrylamide, N-i-buty!
acrylamide, N-t-octyl acrylamide, N-butoxyacrylamide, gamma-
methacr;lloxypropyltrimethoxysilane, 2-cyanoethyl acrylate, 3-cyanopropyl acrylate,
tetrahydrofurfuryl chloroacrylate, glycidyl acrylate, glycidyl methacrylate, and the like.
The particular monomer employed may be chosen so as to contain an
15  alcoholic or other relatively polar group substituent. Examples of such polar groups,
in addition to the hydroxyl group, include amino, amido, cyano, carboxy, mercapto and
halogen polar groups. Monomers containing hydroxyl groups and/or labile hydrogen
atoms are preferred. Examples of acrylic monomers within this category include
hydroxyethyl acrylate, hydroxypropy! acrylate, hydroxyethyl —methacrylate,
20  hydroxypropyl methacrylate, diacetone acrylamide, 2-cyanoethyl acrylate, 3-
cyanopropy! acrylate, 2-chloroethyl! acrylate, glycerol monomethacrylate, 2-hydroxy-3-
chloropropy! methacrylate.
It is possible to employ a mixture of acrylate or methacrylate ester monomers
or a combination of acrylate and/or methacrylate monomers with other non-acrylic,
25 ethylenically unsaturated copolymerizable comonomers such as unsaturated
hydrocarbons, unsaturated esters and ethers, vinyl esters, and the like. Typical
optional comonomers Include vinyl acetate, methyl vinyl ether, methyl vinyl ketone,

poly(ethylene maleate), allyl alcohol, allyl acetate, 1-octene, styrene, etc. Preferably,
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. conposition conprising the sequential steps of: 5 (a) providing a
honmobgeneous mi xture of acrylate or methacrylate nonomers) or both, a cyclic
sulfimde, a chelating agent, and one or nore quinones having a nornal
potential in the range of 0.25 to 0.45 volts, in which the quinones are
present in an anmount of about .01 to ,02% by wei ght of the total
conposition; (b) heating the m xture ?o a tenperature in the range of
45-100C for a period 10 of tine effective to chelate any netal ions in the
m xture; (c) adding an aromatic tertiary amne to the chelated m xture; (d)
heating the njxture containi t he gronmmati ertiary am, to t enperat ure
in the rangenth‘? toﬂiﬁt'%’bE?WCPR‘QQWFF@?)é"ﬂl?w%s@i”[eeﬂc’i R %8” %Bréq t(r)ayov(’ﬁed‘%?g air into
the mxture fé?'fheandzqg%érfegor{?;}osﬁlér{@nd rﬁbs\ﬁdgger Wr%%cgé thQA’%%.O four hours. 15 2.
The process according to claim1l in Ich the one or nore qunones have a
normal potential ifhetdyBicr AMgRIeObroRat® teRial). fniNddlkd chelator th@ MEOELSS accor di ng
to claim1 in which the quinone is 2-nethoxy 20 1, 4- napht hoqunone or

2- hydr oxy- 1, 4enméqybd imotjisi rosttowdeare 4eneie squbiciesise awg@e-dardgnetimenlagt m 1 i n whi ch
the aromatic tertiary amne has the general formula: R 25 N-X-(R-)m Rz 30
m whi ch 51 @ePasednnopgipFysiems e 4 Sreueaunaiepiolte Opiov3 $aRE nucl eus
selected from.t he. grqup consisti of phenyl and naphthyl radjcals; R and
77 are tower Sy iPp e dretisr 1A feShn BARBYR ARGRIOR Ikuslfeb R <

sel ected fromtag.QUREPBSdSdnt RYeQko, vRAGHy SdNEH or AR 1BIEsAEKOXY 5
radicals of 1 to 4 carbon atons, and mis an integer of O to 7. 5. The
process accoré npibit®, ehelitom sulfirieWdHdCBrtidr @ndirRl b Qley a8MEnf@cdeRrat@d ect ed from
the group consisting of N,N-dinethylaniline, N,N-diethylaniline, p 10

i sopropyl - N, Nrelientetriay beirembioyed, Gommen soixgntsh\erldeiscrited iy thenitdratyre and

N, N- di met hyl - ~t ol ui di ne) N, N-di net hyl - Qt ol ui di ne i

N, N- di met H§| _ipSdedprprample aikaToR. SHeR EhPI3R0Y Snanpl @t utans!, fhe substitwled g g

3, 5-di net hyl - N, N- di | ani.lin L Xt ur hel f . process
according to %II “QF%S@&%JQ%\W%P%% %%h ?%?’fr?rganﬁ/e ??ﬁ%ﬁé'dﬁse”ﬁfmﬁde’ The

di net hyl -~-todoggglgrrmuemz_. The process according to claim1 in which the
cyclic sulfimde is Q benzoic sulfimde. 20 8. An anaerobic curing adhesive
conposi ti on nmade Bptitriaty, precomsssitiacscrozydilsogottan olhai audilives ®s afehi@oemaer obi ¢
curing adhesive conposition of claim8 in which the quinone is

2- met hoxy- 1, A'AIEE KoGeidfofAdmenr ermetralk gestatie prapaitisso RHCR fedieeDs5 . Aa. AL A&
A A AF; A LA |.AS. ,?\R. Al 3 AYF. A’ !r&'zA%' ANIMD/ E,AetTac" , .
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oro | gb
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25 TEST PROCEDURES
The following test procedures were used in the Examples.
Determination of Stability. A total of 250 cc of the adhesive I1s added to a

poly-ethylene contamer, and placed in an oven at 50°C for ten days, during which the
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10 room temperature.
Determination of Torque: The strength of the bond between threaded
members is measured both before and after accelerated aging. About two or three
drops of adhesive are placed on the exposed threads of 3/8 inch diameter Grade 5
steel bolts having 16 threads per inch, and immediately thereafter a nut with mating
16  threads is run onto the boit so that the nut is directly in the thread area of the applied
adhesive. The adhesive is allowed to set and cure at room temperature for a
specified time, 15 minutes, 30 minutes, and 24 hours, and the strength of the bond
formed between the nut and bolt is measured. The average prevailing torque for the
bond is the average amount of torque required for a wrench to turn a series of three
20  bolts for “ turn, % turn, % turn and a full turn. Commercially, a bolt adhesive
developing an average torque of 11 Newton.meters after 24 hours of cure is
considered satisfactory.
Determination of Fingertight Time: Using the above method, each nut and
bolt is tested for resistance to turning using finger strength. If the bolt s tight and
25  resists turning within 15 minutes after the adhesive 1s applied, the adhesive will cure
to give adequate commercial strength. This test 1s a quick and preliminary test for

strong adhesion.
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EXAMPLES

Four compositions were prepared from the components in Table 1.

5 Table 1
Composition Ingredients Samples
{Weight per cent)

A B Cc D
Tetraethyleneglycol dimethacrylate 703 { 703 | 70.3 | 703
Hydroxyethyl methacrylate 256 | 256 | 25,6 | 25.6
Anthraquinone - 0.01 -- --
2-Methoxy-1,4-naphthoquinone -- - 0.01 -
a-Naphthoquinone -- - -- 0.01
Saccharin 3.0 3.0 3.0 3.0
EDTA (NH,), 0.02 | 0.02 | 0.02 | 0.02
N,N-Dimethyl-p-toluidine 1.0 1.0 1.0 1.0

The structure and the normal potential for the quinones in alcohol are as

] follows:
0]
AN
I P
o
10 Anthraguinone

Ef 0.154 v
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were heated with gentle stirring at 67°C until homogeneous, about one hour. The

N N-dimethyi-p-toluidine was then added and agitation increased to form a vortex to
10 aerate the ingredients for four hours. Each sample was then cooled to room
temperature and investigated for activity and stability according to the test procedures

described above. The results are reported in Table 2.

Table 2
Test Procedurse Sample

A B Cc D
Gel Time (minutes) 0-15 | 0-15 | >120 | >120
Fingertight Time (minutes) 0-156 | 15-30 | 0-15 | 5-10
Torque after 15 minute cure (Nm) 0.2 0.7 13.6 -
Torque after 30 minute cure (Nm) 35.6 -- 23.1
Torgue after 24 hour cure (Nm) 23.7 245 34.8 21.9
Stability at 50°C: time to gelation in days <1 <1 >10 <4
Aged 10 days @ 50°C - - >120
Gel time (minutes)
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N, 10%#& ()-{ N 10%& ()-{ N, 10%& ()-)?\\"FFGGEG GGzZ: vU4? { N, 10%& ()-{
N, 10%#& ()-{ N, 10%#& ()-{ N, 10%#& () -#2 N, 10%#& ()-) 2\ "GRG/IG G?CB&zZ: va?
{ N 10%t& ()-{ N, 10%t& ()-{ N, 10%#& ()={ N, 10%& ()-{
N, 10%#& ()-) ?2\\"BGCCGh&GZA (qGvGzZ: va? { N, 10%#& ()-{ N, 10%#& ()-{
N, 10%& ()-{ N, 00/#&' () - { N, 10%#& ()-)?\\ " vONGEEEGGZZ: vU4? { N, 10%t& () - {
0 ! & () -

N, 10%¢& ()-{ N Fmgerugﬁt Turﬁe (minutes) - - 0-15 -

Torque after 30 minute cure (Nm) - - 52 -

Torque after 45 minute cure (Nm) - - 240 -

Torque after 24 hour cure (Nm) - - 28.9 -

The data evidence that Sample C, prepared with the 2-methoxy-1,4-
naphthoquinone, demonstrates both activity and stability after only four hours of
processing time. In contrast, Sample A, prepared without the quinone, has no shelf-

5  stability. The other samples prepared with quinones with normal potentials outside

the desired potential range show instability on aging at 50°C.
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What is claimed is:

1. A process for making an anaerobic curing adhesive composition
comprising the sequential steps of;

(a) providing & homogeneous mixture of acrylate or methacrylate monomers,
or both, a cyclic sulfimide, a chelating agent, and one or more quinones having a
normal potential in the range of 0.25 to 0.45 volts, in which the quinones are present
in an amount of about .01 to .02% by weight of the total composition;

(b) heating the mixture to a temperature in the range of 45°-100°C for a period
of time effective to chelate any metal ions in the mixture;

(c) adding an aromatic tertiary amine to the chelated mixture;

(d) heating the mixture containing the aromatic tertiary amine to a
temperature in the range of 45°C-100°C with sufficient agitation to introduce air into

the mixture for a period of time in the range of one to four hours.

2. The process according to claim 1 in which the one or more quinones

have a normal potential in the range of 0.3 to 0.4 volts.

3. The process according to claim 1 1n which the quinone is 2-methoxy-

1.4-naphthoguinone or 2-hydroxy-1,4-naphthoquionone.

4. The process according to claim 1 in which the aromatic tertiary amine

has the general formula:

in which
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5. The process according to claim 4 in which the tertiary amine is

selected from the group consisting of N,N-dimethylaniline, N,N-diethylaniline, p-

10  isopropyl-N,N-dimethylaniline, p-methoxy-N,N-dimethylaniline, N,N-dimethyl-p-
toluidine, N,N-dimethyl-g-toluidine, N,N-dimethyi-m-toluidine, N,N-diethyl-p-toluidine,

2,4-, 3,4- and 3,5-dimethyi-N,N-dimethylaniline, and mixtures theireof.

6. The process according to claim 5 in which the tertiary amine is N,N-

15 dimethyl-p-toluidine.

7. The process according to claim 1 in which the cyclic sulfimide is -

benzoic sulfimide,

20 8. An anaerobic curing adhesive composition made by the process

according to claim 1.

9. The anaerobic curing adhesive composition of claim 8 in which the
quinone is 2-methoxy-1,4-naphthoquinone or 2-hydroxy-1,4-naphthoquionone
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