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Hluxts to b)’ut s hu’h h'mpcl"\luw (4 B |-h~mv"' l’«-:‘,it:-v in extr e

envi row vut.s h.lvc beon continuing over the past decade,  Model ~u..!l~-:'. u(nll..llq, ‘ \

hclclouxlu umg-. with fluovoathylether and Chuoroathylothor suhnlllu-.-nl:- v

¢

lo'

have dcnjv hu\\n that propecly substituted 120 onadiazale and 1,36 !n asine’

'»

, S LG .l
- ¢ \ﬂﬁ"..Q\ LIS S m‘« i

1'i!\1';s"\vliun ‘&ymlzed into & polymeric system should Lead to thermally, ﬂ\ld.ltl.\'l..l)
and hydro!)'tlcally sbable elastomers (1,2). Initi; xl attempts to synthe aise
polymers having an adequate molecular weight between crosslinks were coupied

by a hiph sensitivite tovard reaction conditions.

Recently, we have shown that perfluoroalivietho e ozahiazole elastomers

exhibit good thevmal. oxidative and hydrolyvtic stability as well as low-temperature

|

E
flexibility (3,4).  a method was also found to syntacs e perfiuweoallyvlether triazin: l 4
clastomers having slightly better themal pProperties than the oxadiazsile i
however, the reaction souence for making the teiazine wis not entively satisfactory

' L o Al flent ' and renredueds 5
as the pres=polymer chiain=length was difficult to control anl reprodiuce .~lnrc0vcr. l
A o . -

the resulting polymer manifested hydrolytic instability due to th' p.‘ncuul.u a;,t.nt

utilized in the ring-closing step, "o Sk

In this article, we wish to report an iwproved procedure for making
perfivoroalkylether-triasine clastoners, and, more specifieally, the synthesis
en
of 2,4- |n'xl]uom.xll\\ﬂ'\ ther-o-pert Innunlk\ tether triazinge having the tul lowing

repeating unit:
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"f’,."“~ l'hc :.trin;,cnt :-nlmmmn( "M’ (uul :.mt sealant's (’m rafure super .nnn.’*‘..
| O { 'E '.b w ” 3 g '_L." 4 i
gt alnr.ﬂt lms been st nml.t& ing e w;'.xuh for the ["I' \.u..ulo " Per Flmuulhlcthu

-

4" OX.'H.'I:IZOLc cl.ilstmm-r: (123 lene been synthes ized 'm..l ('(!‘Ihlt "nml tlw:*.ul

ety

oxidative, hydrolytic stability, low plass froasition temaratores, :m-.l cvhenteal

'invrtnv:;:;. "\)\\\‘\IL" , st beapls Lo ili\'l'(‘-‘l"-(' Ul chatn I‘.ll-" e |h|‘v g .hn \t wnlinkes
b 5 Ly WA v s ‘,,.._.,N e

"fox 1;1.‘0d phy\x ll .m-l ey h.mu.l. ['lul)t‘ll‘l('\ lave beenocr lpplcd h) rlu hn-h. o

rf-v'.

sensitivity tow.ud react ion conditions, Recent Iv the velatively high molecular
Cweight puilu.nu.xlk)"vthc) oxadiazole cl.rtvmu chave been ul:L.nncd (3,41 and

- gave peod thermal, o:&id;xth‘c, hydrolytic stability as well as low tcmpcr:nturc :

¢ flexibiility. .
Anether thermal stable 2.0-perfTuoroalkylether 4 triflnovomethyl triazine |
~elastomers were synthesized (5) and di Cfeved From per{lnoroalkylether oxindiazole
coelantomers by using triasine ving ay chain-extension inkage instead of oxadiazole
ring. The result gacne somewhiat better physical and thermi properties; however, -« - |
, . ; !
- |
it resulted inoa hwvdeolvtical by unst |l)|c clastomer due to the pirt lL'Il..l ring " '
coclosing agent. Mhreover, i owis o very Jlt Cicuit te control the plupo})'r.xu AR N §
: - “gu* VoL Ry & f
chaia-length, due o a process which 0\h|!-|nu reproduc ibility muhl("n.\ o TR Mt
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trdasioe elantomers wibie tine l}'nlh‘\.iz';'. el g e
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where | R} = .F c}- (“hc'f-)' 0.((}")0{' CF C};v CF}
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0 This new molhud pivis clastoners with high thevmal -uul oXidative we h.wc ; ':",?1f§7-
. -O" . : “ . : .'_'.'
‘chu.w.d a bcucr puuduu\ propvrtws ml with the use nl’ Q hmuchcd rm;, clo-‘m;,
l.l
\.-..'u- - ——-—c' L} . ,"'
'-rc.lm'm\.l much Jx'lpm\ul Il)\lmlvln stability.  In al |l.|un we are able to ollr v e
A 2 .\ 44 ‘. . :
',rcpxmluuhlc .md consistent physical and mechanical property. While rcminiu-- o g
RS o 3 o e ;
g]n:;:; transition teny evature (Tp) ol 159C. (hues, this process punnk‘x a \sl\ m
ccontrol zz'.ulv(_'u_l:}r weipht s according to the particntar phvsical |n'u;'crt tes dvsu‘ul
oy : 7 A s .o Sy A p Ak g : NUoT WETRL L8 Ul SR it G""‘ :
SRR Y :v\_*‘-‘,v-ﬁ%f- "-Ah At Experimental ' . ; ‘ ;. St * )

All Inf: nn\.l (1F) spectra were recorded on a Nicolof \1\ I Fr-IR Spcutro.nctcr. |
Thm Oy, r.nvnmlrv measurement s vere yrecorded with the Mu'ont ns tunn' mis, 951
themaogravimetry analyzer and 990 thermal anaiyzer.  Glass transition tt:m;u:r:ntﬁrc.‘;i
(Tp) were obtained with a afont ditlferential scaming calorimetry (DSC) cell and
1090 themml amalyzer. ARl pel permeation chnu;mlny_r.l;'h\' measirenent s were done
with a Waters Associates ALC-GPC 2027201 liguid chromategsaph cquipped with
Spectra=Physics SP 1020 Jata interface, S 4000 contor processer unir.;:m‘! S 400N
printer and plotter.  The S-P systom was programmed te correet for bascline and to
compute the average malecular weight by imput Cing known calibration huin!..:.
Separations were obtained by using Pont size exclusion (S6E) wlmm.. :mc.! d' tected
by Waters ns:'.c.,cmtc.s Jifferential BV dcgtc tor at 254 um or dufvrcntxal rcfmctonctc.r

o
R 401 in Freon 11.5 solution (7). Gas chromitography results were obtained with a

Hewl e Packard Model G830 s chromatosraph,

.

L= Trichlowo 1,0 0 teit looro ether (Povon TEY wis purchasad From

Fischer Setentific Company and st il led from a0t ool of Fischer Seientific

6 mn porcelain berk saddes at 48UC. Perfluoroathylether diacide fluofides” (EDAF)
were parchased from 1R loe., and Technochomic (M, West Germmy) . HexaCluoropropyi

epox b wars obtained From bui'ont de Nemours ond Co, without fucther purilication.

Other ciwwicals were cither analytical grade or better, . U 2 4
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Im.y.n.\t\uu ol 1v111munllu luthul acid Cluoride ng .;J _ e a‘-g.i

“Toa ]000 ml two ncgl\ H.M\ wis mldml 10 gm of s(\dmm flm ulo 1() 'm of ; r-

'cesium fluonde (both were drml at 200°¢ overnight) and 20 ;ml of tcr.rzlgl)'inu |

v e

“(Bis (2-(2emethoxy-cthoxy cthyl)ether). Then hexalleoropropylene epoxide Wi

condcn:;ud (2-3 ml/min) into the rMask with vigorous stiveing. Aflter 10-20 min

induction time the solutmn lw- ame slu,hth exothermic nullcal ing th.xt the

b e * ..‘- s od e LG R . T ' "‘

...“‘.

“yeaction l\.:d bL-cn initi: ltul : ,\ddn ion of luquul hexal lum-oplop) h.uc clnxnh- \..;*» ‘
continued until the flask was Filled (o 2/3 of its c:xp:lcr(.y. l’hu solution ' s
disti .ll.nmn of yieldad three fractions which were eollected and identiliad by
gas chromtopraphy in Table !,

Analvtical datar IR (Vilm) = ’ ;
=1)

Jssu, 1870 en” b (¢

LI0G-10%0 ' (C-1)

Preparation ol perfluoroalhylether ucid__('_l{_.l_-_(h‘l[l

To S0 gm of perfluoroalkylether acid fluoride was :ul«icd r]O ml of H=0. ‘The
~mixture was then stirced for one hr. [Excess Ilz(l was removed by drying at 120%¢
‘under vacuem overnight.. 47 gm o.f perfluoroalkylether acid was obt:linctl:"- 7
Analytical datu:‘ IR (film) ‘
1780 et (<c=0)  1400-1050 et (C-1)
3300-2000 u':u-' in -

Proparation of prvfiuopathylether acid anhydride

To 200 g of P& luoroatky lether acid was added 100 pm of phosphorous

. "o . L4 B
pentavxide (P,0,5. The mistare was heated at 180°C tor at least 1o hrs, and then
- 2

..

vacuen distidled, 1% oot perCluoroalhylether acid ashydride s collected

(350(:,’]': e g - 1207070, 5 nan 1.

Malytieal Jatas R (Hatn _ _ 1
o l.‘t.:!-}l:ﬂb (0 C=0) " Ka el ot

PO 1050 om” ] (C-17)

p———
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Preparation of perfluoioalhylether diamide (Res ((ONL) )

“" To 200 gm of perfluoroalkylether diacid fluoride was added 150 m! of Freon
113, Amnonia was then condensed into the solution with vigorous stirvrving.  The

react ion was exotherwic aind completed after the temperature of the solution cooled

down by excess liguic.,  The ""“'s solution was then Tilrered to remove the auseniiea

fluoride and Freon LIS wias then ramoved on aorotary cvaporator, 189 sa ol
perflwraalkyl ‘ether diwnide wias collected without (urther purification.

1

Analytical data: IR (film) 3500 em ', 3L40-31500m 0 (N-H

1730-1750, lof0cn ' (0 0] L100-10500m" " (G-1)

Preparation of perfluoreatkvlether dinityile (MR (X)

To 200 pm of perfluoroalbylether diamide in a §00 ml pound bottom (lask

was addad 200 gm ol phosphons pentaoxide (PL0 The minture then was mixed

2 5)'
thoroughly and then heated at 200C for at least 21 hrs.  Perfluoroaliylether
dinitrije was vacun distilicd and two (ractions were collected.  The-firsg

fraction was collected at 25°C at 760 nem g to 80°C at 20 wen g ( 30 gm) and

the second fraction was collected from 80°C at 20 mn [y to 130%C at 0.5 Hg (140g).
Gas chromtography indicated that the lower boiling materials contained molecular
weight fractions corvasponding to MM&2 and the higher hoiling materials contained

fractions corvespondig to MM 4 o 8§, (‘Table I )

Anadvtical datar 18 (e .’...'hl)\'mol N

1001050 om " (C-1)

Propavation ok poeilvorcathy lether dimmidine (NS e (201 .\112)

o0 ml of Nl3 s condensed inte o 100 mb theee nech thask equipped with a
dey-ice condenser, an N, s inlet, and an addition funnel, A solution ol 10 ge
o

perf tusroalkylether dinitrile in 10 ml ol Freon 113 was added dropaise into the

flask with vigorous s irripg.  Alter completion of the addition, excess asmonii

and Freon 113 were removed under vacwam,  Perfluoroalkylether diamidine (10,5 gm) then




was collevted without farther purilication.

. ~ Malytié:i] data IR (l‘i llll) ' " " 3200.3"“0 CII\.‘ (NH), " - ' : -
- 1084 cm'l (€G=N) 1100-105%0 em ! ((;.‘:)
2 .
Preparation of perfhwroalhylethers(imidoviamidine) dinitri le!l)
A/” M’g dll i“;
'JC Rf“\,/: Rf"\”’ \{"f-CA/

‘j) L ‘_;',_.‘ . '-. _"4.;.
To a solution of "0 g porCluoroatly Lether diniteile in 20wl Freon TLE was

added dropwise the solution of 16 gn pertluornalkylethersdiamidine in 10 wl
Freon 113 with vigoroas stivring for 2 hrs. After cviporating the solvent, 30 g
of pcrflum‘oalk)'lclhc:'\(.’.l.xith.\_\'l:mxiclinc)"dinitrilr: (1) ware recovered.
GG May = 3800
Analytical data: IR (Uilm) 3500, 3440, 3120 c:...l (.\'-!i), 2260 (~C=N)
1682, 1602, 1520 en’ ) (= flgu-z{. ) LI00-1650 cm ' (CF)

Preparation of per Ilmmnlk\ lethers Cimidoyviamidine) “diomisine. '2)

sl M‘a VN
“A/E-Qi- asus& "{- C‘Jg C—L‘{- C”~J”L

To 30 ml of liquid awwnia was added dr ﬂ\\)l se perfluoroallylether (imidoylamidine)
dinilrilc (1) (30 pm in 30wl Freon 113). With vigorons .\tii't'ing for .'s his,
Lxu.' 5 amnonia and so! vent were then removed under vacuum and 30 gm of periluoroalky Le?
(imidoylamidine) dn;mrdnw (1) was obtained without further purification.

Analytical uu-n' L) 30003000 cm" (i loxy c:n" (C=0), 105, 602,

1520 em o ¢ ..E-/J 2,— L L0-1050 em (e 1)
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Preparation of perfiuyoalkylether¥Cimidoylanidine)xdinityile (W)
0” 2 4’" |

' Nt W,
/JC R -A’.f-' l:s,./_—.c Q{’—Q\A/- C~Rf- C\A/.C R{ -(,4/
. W

30 g of perflucrosthy Tethers Cimidoy Lmidine ) adiomicine in 30 ml Feeen (83 was
added \li'0|nvisc into a solution of 20 gm perfluoroalkylether dinitrile in 20 ml Freon
113 with vigorous stirring for 4 hrs.  Alter rewoving the solvent. under v:ncmnn'S‘(.l”Eui.v
of p'.-rflmrba]k);]cthcr (imidoylamidine) dinitvile (111 \‘\'En':: recovered. |

Analytical data: IR (Film) 3000-3000 cm (!‘. Il)

2260 emd (-CEN) 1050, 1002, 1520 cm” (-&,/:é— ) 1100-3050 @™ (1)

Preparation of perfluoroalhylethers(triazine)=dinitvile (1V)

Ne-Ry Q/b R~ '{”'_* ,—-e Ed‘ s’—c'\/

' -
To 100 gm of per: llm:u..lk\hllu“ A.l antivdride wae added 25 gnof

perfiuoroalkylethew (imidoy imidine)-dinitrile (111) in 30 ml Freon 113 with
vigorous stirring for 2 hrs. After removing the solvent under vm;t.un, the side
product, perfjuoroaliylether acid, and excess perllueroalkyiether acid .nnhydridc
were puaped out by vacuuwa Jist i.l!.nl‘iui\. 35 g oof perfluoroalkylether (triazine)
dinitrile (I\/) was obtainaed. |

Analvticai ddata: 1R (rihan 2260 m.l (=tN)
. 16500 \'m-l (trianim)
1100-1050 ¢ia” ' (C-19)

Fl .

Gpc: My= €200
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Preparvatien of high revionance perfluoreatbvloilor tri e elastomers

)
35 gmoof pertleeroailylethery(triazine)sdinitrile (IV) was treated with
liquid ammenia and then heated in an oven at 150°C for 4 davs,  The vesulting
€35q4™) , g m :
prmlu.l‘w.ls a light tan perflucroatkylether triasine clastoner with excel lent
propertics.
U(Fitm) 18650 cm.l (Friasing) ‘
1000-1050 ¢m™ ' (C-1) s e

MAalytic data: |

]
Results and Discuss i«-n;,_-

Perfiyoroalkylether dinitrile reacts with aemonia |.°;1||id!;-' to fomn the
corresponding dimmidine. wH AH

W\ 2 '
NC-R[-('.“"MI.,(I) (CNCU3Y) Hj\i"- Rf- o, (I)

waction (1) was inst mtancouw and gave near 1000 yiehd, The addition o
perfluoroalkylethor dunaidine (o perfuoroaiby tlether dinitrile prodocd d
perfluoroatiylethers (fnidoy imidine)sdinitrite (1. :
WM, . At wH , Nh J - (2)
ch&,J“-r/Jc- -u/_—,smn-w«_ <‘. . %-c
M f f |
(I)
The formation of imidoylamidine ':.v:::i.:'in;.: was imdicated by IR bands at 1520 -.'m'l,
1600 cm-l,, ‘JG.'-,U cuf'. The yield of reaction (;) determined by nmlwul;'n' weipht
e
di:%ll‘ii;ulﬂi(;ll meansurament s (GIG) was w7075
In Grder to control moleeniar weight distribution, it is very critical to
have excess liguid amonia in Reaction (1), According te Beaction (2) any wrencted
perfluoroalkylether donitrile would react with perfluoroalhyicther diamidine to Tom
the imidoylamidine lishape that would broaden the motecular weight distribution
therealtar,  Alse ‘ll‘\ crdor of addition |~\\(1 important in controling solecular

weight diztritution,  Auy orders dilfer from the previondy deseribed would result

in broadening moleculs voweipht distribution, ' 3 '
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Pertluoromdhyivtaer Cimidoy bmidine) Rinitrite (F) wis added into (:.,;.'(r:as _
liquid :mmoni:t to give perfluoreally lethersy i:nidn}'l.'umi.liu"l\’\li:lzﬁidinc (1 s

. N N 4'_' :
Nf{"f "'*'”' J Rl 4 Niyl) —> nv"" "’f“"” : S, (3/

| (7)

Repeated re: mtwu (2) by using perfluorocthers (imidoy Luidiney<diamidine (11) 0, 0.
instead ol pcl uuoru.lll\) lv'lm diamidine, the perfluoroalbyletherXimidovl; nmlmc)—

dinitrile (111) was ubt'ninml The molecular weight Jdetribution curve (7I4)

;Jc{p A,d, L'.} Ry~
. (7)

indicated that -« 612 o the molvcules reachyd the Tength of compouna 111, Tablz (w)

Theeretically by using this stepwise method, one should be able to build up
molecular weight as Jarge a0 one wisheds However the tonger the chain s, the
slower the rc;mtim)w.ll be, anal the les:ser "“lo.\.lllgl' will Yeack the desird
lcm:t'h. Yate
The, addition of compound (111) into excess pm‘flu..‘\rn.’\lk)‘!c:hcr acid anhydride
E]o::ml imidoylamidine semering and gave pcr!’!noro:xlkylclhcr\r(tri:x:im‘:‘ﬂ!inir.ri!c (;\').
NIt W °
A’C-ER -g‘d 2"3, R.~cA + l‘g ,:-Q
Py Rrte

-u.v,q-{p f/l} {-c + Ry oo g

* T

The use of excess au.' anhpdride served as the deying agent to remove \s.un produced

in thin ring=closing raticn,

Thin stemdise chevin b Li-ap methed allows one to contro! soloenlar weight and its

distribution from the GPC wolevebar weipht distrilat ton sensurement a yicld ol - 605

was obtained for caapoand (IV) Crom sGirting miterinls,

ey
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Linear prepolymer (1V) was converted into amidine fom and heated at® l.p(llt.

oven for four days, The Light tan thermally stable perfluoroalkylether triazine

-~

elastomer were obtained with the proposed structure of compound (V).

NI | heat
Hed g - Reed 2

—— i

—
<<
. NG

The cured pectluoroalkylether triacine elastomer had o gloss transition temperature

(Tyg) of -ASOC, and was hydrotytica! stable in boiling water for two weceks without

any weight less o property detorioration.  Tsothermal weight losses of this material

- ) . ; ‘L-@L"‘(.pr
woere sestial amd ace Hited i Table (V) together with [L.S-pertf luoroalky letiicr et Tazire 1

clastomer and poly (UeiCluoropropyimethy IBesiloxane) fer comparizon.,  Isothermal
135 - pcyf}umal& lgubedhe v L /

weight losses of this sgebemeetarrdrre (riazine elastomer both in nitrogen and air .
1,5- 3 4 Juore medhy | WA

were mch Jower th:M-rflu«un;ll.\;.'lct‘hm Thazine elastoners, perfluormalkylether |

l\Y.‘hi:'l"Hlt' H"n:lnm.\r._r PTOH (I IO [Ty TN R I soonsiboss s @ Beos et} aanmassiat o e Ben .

L eaw e
- ————————————————

. wibo M —— diad 2.
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In cenciusien, this stopwise syathesis methad Tays aoway which allows one not only

\gkc

to extend the chain--agth of perfluworoalkylether pehymers bhut "o control the

molecules weight and its distribution. By this method £ 3.6 perfluwroalhylether

trincine clastomers wis synthesized and it ol fers excellont oxidative and therl

stabilities which provide il.\'t‘]}/\‘l‘ potential candidite for future high temperature
. . @ .
applications. .

w
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Table 1. Molocular Weight Distribution of PerCluoroalkyicther Acid Fluoride (G C)

¥ ‘( cC'B- C:F;-";; ZFié'fr.
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Table I1. Molecular Neight Disteibution of Perfluoroaliyvicether dinitvile (60)

<Fs Fs.

CF; Cf,
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Mol ccular Weinht Histeibution of 03,540, 1i
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Ier{luorvalliylencether Triazine Elastomers(II)

The search for the high perfurmance furl-tauk sealents in the past decade

has resulted in excellent clastomers based on fluorocarbon ctherl’z. In

our carlier pnperj, we reported that an improved perfluorocalkyleneether

triazine elascbmer was synthesized stepwise and exhibited high thermal
and hydrolyﬁic ;cabtlicy, and oxidative and chemical rcgi;tance. It also
provided a way to control molecular weight according to the particular
physical properties desired. However it was later experienced that with

the stepwise synthesis method, the higher the molecular weight goes, the

lcwer the yield turus out, To encounter this difficulty, perfluoroalkyleneether
dinitrile(EDAF-dinitrile) was first converted into petfluoroalkyleneetﬁer

diamidine (EDAF-diamidine). EDAF-diamidine then reacted with EDAF-dinitrile

in Freon 113 solution to give linear poly(EDAF-imidoylamidine). By

controling the molar ratio of EDAF-diamidine to EDAF-dinitrile, the relatively
high molezular weight poly(EDAF-imidoylamidine) can readily be obtained, and
the thermally cured perfluoroalkylenecther triazine elastomer showed better
phrsical and mechanical properties. A similar method has been applied to

obtalned- hipgh molecular weight perfluoroalkyltriazine elastomern"s.
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EXPERIMENTAL

1,1,2-Trichloro=1,2,25trif luoroethan(Freon ilJ)purchnaed from Fisher
Scientific Co. was distilled prior to use. Perfluoroalkylether diacid

fluorides (EDAF) FOC-RE-COF, where Rf is

P o4 CT,}—é--EC"'FCF;C)-‘!T-'
-&F focR ST : ,

and mtn = 6 to 8, were purchased from Technochemie GmbH - Verfahrenstechnik,
Perfluoroalkylether dinitrile (FUAF-dintrile) and perfluoroalkylether acid

anhydrlde were prepared as described In our earlier pnpers.1'3

Infrared(IR) spectra were recorded on the Nicolet MX-1 FT IR Spectrophotometer.

. T —— S ——————

Viscosities were measured by using a Cannon=Ubbelohde viscometer(size 50)

at 25°C.

IR ——E—
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Perfluoroalkylene-cther Triazine Elastomer Synthesis

o~

Amomia was condensed into a tree-neck flask containing 20 ml Freon 113,

and equipped with a dry-ice condenser, a gas inlet and an addition funnel.
The mixture was stirred for 30 min. The cxcess ammonia and solvent were
then removed and a viscous product which was identificd by IR as
pcrfluox?oalk)jlcnc-cthcr diwnidine (EDAF-diamidine) (10g) was obtained.

In a typical polymerization of the EDAF-dinitrile and EDAF-diamidine,
2,5g of EDAF-dinitrile was added into 2,5g of EDAF-di;nidine in S5 ml

of I'reen 113. The rcaction vessel was immersed in a 50°C oil bath.

IR and viscometer was uscd to monitor the degree of polymerization.

The rcaction was complete when the viscosity of the reaction solution re':'xc.hed
a plateau. Ring closure of the resulting polyperfluoroalkylene-cther-
Gninoyimidine)dinterile wis ddae by Sollowing the mothod Slbribed carlier®)
a clean viscous liquid was then obtained and indentified as polyperfluoro-
alkylenc-cther(triazine)dinitrile. Ammonia saturated polyperfluoroalkylene-
cther(triazinc)dinitrile was heated in an oven at 150°C for 3 days. The i
cured product was a lipht tan perfluoroalkylenc-ether triazine elastomer

with excellent propertics, p

<
ks
-
—— ——
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RUSULTS /NI DISCUSSTON

Solution polymerization of perfluorcalkylene-ether dinitriles (ERAF-dinitrile)
and EDAP-diamidines in Freon 113 solvent gives polyperfluoroalkylene-ether-
(imidoylamidine)dinitriles, By reacting (n+l) moles of EDAF-dinitrile

with (n) moles of FDAF-diamidine, polyperfluoroalkylenc-cther(imidoylamidine)-

with nitrile (-C=N) teminal groups was obtained. (Scheme I).

HA/\\ . ~NMH
(met) NC—Rf-CAJ + () ”MC'R{‘ C\”Hl

A ¥
=4 Mo A=t -

SCIRM(T)

e degree of polymerization Hf this reaction was monitored by IR spectroscopy

and viscosity

. el . s -l
measarements, Nitriles groups (=C3N) gave an IR band at 2260 €M
while dmidoylamidine (=< ~,/s¢~ ) showed three bands at 1520, 1600, and

1650 c':'l. The ratio of IR absorbance ar 1600 em™! and 2260 an”! wys uscd to

estimate the degree of polymerization, (Figure 1). In general, the

mlyrerization was complete after the viscosity of the reaction solution reached

a plateau. By varying (n) in Scheme (¥), a wide range of different

mlccular weight polyperfluoroalkylene-cther(imidoylamidine)dinitriles

were prepared,

The solution polymerization of EDAF-dinitriles and EDAF-diamidine is a slow*
process at room temperature and it necads several davs tn rammlaea o

pRY

- e —————— -t e o o | e
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At higher tunperatures thé reaction is faster, however, crosslinking
reaction could interfere and reduce the polymer c¢*ain length.. The
polymerization is best carried out at temperature around 50°C.
Under optimim conditions described in the experimental section, A
polyperfluorcalkylene-cther (imidoylamidine)dinitrile with molecular
weight around 15,000 was prepared without any difficulty.(Table I).
The addition of polyperfluorcalkylene-cther(imidoylamidine)dinitrile into
perfluoroallyl acid angydride produced polyperflucroalkylene-ether-

(trizzine)dinitrile. The resulting polyperfluroroalkylene-ether(triazine)-
dinitrile was then convertd to the corresponding diamidine with ammonia
and heated at 150°C for three days to give perfluoroalkylene-ether triazine-
clastomer, Table(II} illustrats the physical properties of two perfluoro-
alkylene-cther triazine clastomers with different prepolymers. It is
concluded that the thermal stability and mechanical properties may be
improved by increasing the chain length of the prepolymers.

Figure (IT) shows the thermograms of perfluoroalkylenc-cther triazine - -
elastomer# in both nitrogen and air., The elastomer was thermally and oxidatively
stable up to 300°C, Table (III) illustrates the stabilities of perfluoro-
alkylene-cther triazine clastomers in boiling water and 50% 11,80, solution.

It cxh.ibits an excellent stability in both boiling water and 50% 1,50,

solution, o ’
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In conclusion, it is demonstrated that a modified synthesis methed has

been achieved to overcome the yield problem of the stepwise synthesis.
method, It  also provides a better way to synthesis high molecular
weight perflioroalkylenc-cther triazine el:f{aners.. The physical and
mechanical properties of the elastomers synthesized by ti\e modified

method ‘were better compared with that achived in our carlier papers.
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HModIfication of Epoxy Reinforced Glass Cloth Composites

with a Perfluorinated Alkyl Ether Elastomer

Synopsis

A perfluorinated alkyl cther diacyl fluorlde prepolymer ol high molecular

:
weipght was co=reacted withi TPON 828 epoxy resin and dlamino diphenyl sulfone
to obtodn an clastouner toupbinod glags cloth cnnﬁ;sltu. Improvements in
flesural toughness, impact resiustance and water resistance without loss of

streagth, modulus or g fow o ring of the glass transitlon temperature were

reaiiacd over that ot the vaeodlfled composite.
Introduction

Fiber relnforced epoxy cumposites have found widespread utility as
structural materials. They have the adyantage of having both high strength
and high modulus to weight ratlos, making them particularly useful in aero-
nawtlcal and acrospace applications, The maln drawback to these high modu-
les materials is their dohevont brittleness which results in 16§ impact
strength,

Eahanecenent of the energy absorbing properties of thermoplastlc and

therwmuetting restn systens depends not only on the degree of elastomer/

resin compatabllicy but also wpon dispersing the ruboer phase and controlling

Lea particle slue, Fa order Lo obraln a disceeet rubber phase thece aust be

adesree of Incomprtalbbricy botueen rubber and rcsln.l But, to insure ef(i-

clent energy transfer, there aust be melecular interactlon between the two

D

i e iy o ke sl

e
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phases.,

an empirical evaluation of the relatlonship of particle size to mechanleal
properties could be made, utilizing scnnnlng clect

In prior work,

has been reallzed with a concomitant 1os: of modulus (stiffness), and the

ultimate use temperature of the plnatlc.’ ldeally, one would like to improve

tonghness witheut compromising the other properties of cpoxy resin svitems

that make them so usctul,  The work presentud below concerns this problem by

utilizing a high terperatare, tow modulus perfluerinated alkyl ether diacyl

fluaride (EDAF) liguil presolyvaer to medily an oxisting epoxy system. Tt will

Lo demonstrated that this elastomeric prepolymer combines, to a certzin degree,

molecular incompatability and chemtcal fntvraction to obtain toughencd epoxy/

glass cloth compoisltes with high modulus, strength and thermal scabilic

Experimental

Formulation

Linear EDAF is a liquid prepolvmer with pendant acyl fluoride functlonallry.

It was obtalned by 'CR Rescarch Chemieals, Ine. of Galuesville, "Flovida. The

structure of BDAF can be represented ass

(where mtn = 5 to 6;  reactive equivalence 1a 725 grams/equivalent)

e s o g U T TR L T W S | e —

By controlling the amount of rubbuer added and the reactfon coadlclpnn

\ microscopy.
(arh' k) butadiene - - acry bonrhife ﬂﬂ}'ﬂ"f,

mostly fun the CTEN/mod flcatlnn of epoxy rcs£n1, tnughnlnr

™
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VA -Diaminodiphenyl anlfone (DDS, 124 grams/cquivalent) was used as the
curing agent.  LDS was obtained Lrvom Ciba-Geigy Corporation of Ardstley, Now

York under the trade name EFORAL. EPON 828, a diglycidyl ether of bisphenol

A (DAERA, 189 grams/cquivalent, as determined by the pyridintum chloride

o

methed”) was purdhased from the Shell Chemical Company,

EPCN 823 was dissclvid in enough accetone to obtain 504 solids in the

final mixture. EDAF was then added and stirred for 15 minutes to pre-react

o4
with the epoxy. DDS was added and stirred until the solution became trans-

parcar. Stolchiometry was determined by startilng with a control batch having
7% EPON 828 and 234 DDS by weight and adding varying amounts of EDAF by
weight to make the moditicd samples. To maintain the reactive stolchiometry

conccant {rom sample to sample, oqual equivalences of DDS were subtracted

from the contvol formulation.

Preparation

Heat resin camples were prepared by taking the above formulations aed
pruring them into o Ligh temperature RTV silicone dogboue mold,

Using vacuum

and heat Lhe colvent was cacetully removed befere gelation., The temperatuve

was rajted gradualiy (o 150°C for 1.5 hours to facilitate curing.
the fiber gians/rvstn composites were prepared by palnting 12:.12 {nch by
10 ineh satin weave plass [lber sheets purchased from Uniglass Industries,

style 01-01-7740, fini-h UML) (an A=1100 amino silane sizing). [Preproeys

were aaele by staging at 807°C tor 5 minutes and 120C for variable tlnes

2 PR
————————————— A —
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depending on EDAY content.  Alter lay-up, pressing was done at 150C and
50 psi for 1.5 hours. The laminates were cuoled at room temperature to

avold warping.

Intra-red Spectioscopy

The mixture vbtainal in the lorvmulation was painted onto NaCl plates.
-1
The progress of the cure was obscerved by the disappeavance of epoxy bands
at 9i5eml and 859um'1, pcimary amine bands at 3410em™! and 3368cm'l, and
the eyl (luoride band of EDAP at lBBScm-I. The reaction of epoxy and

EDAF resulted in aan ester linkave as demonstrated in the appearance of a

carhonyl band at 1775¢u"t

Thermal Testine

The curing chavacteristics of the resin system were studied with a Du-
Pont 901 Cel! Huse/¥90 Differential Scanning Calorimeter. Thermogravimetric

anal=sis was Jdoeue with o balont 9517990 Thermal Analyzer,

Horpholopy

The fracturve guctfaces obtained from tensile fracture of the neat resin

dogbones were plated with Au/Pt and studicd by scanning electron mizcoscopy.

————— —————————
i ——— . i M+ | o
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Typleal electvon micrographs ave shown ln Figuoe | Micrograph B shows

a uniformly disperscd rubber phase in the brittle epoxy mateix.

Mechanfcal Testing

The neat resin dopbones were tensile tested according to ASTM desip-

nation D62IB-68, Standard Method of Test for the Tensiice Properties of

H
Plastics.

Test samples were cut from the fibec/cpoxy laminates for dynamic
mechanical analvsis, 3 point fleaural, tensile and short beam shear tests.

Dynawic mechanical analysis was done on a Dulonc 980 DMV, intertaced with

a Digital MINC 11 f{nstrument computer. The flexural, tensile and short beam

shear tests were made with an INSTRON mechanlceal tester according to ASTM

pruccedares D790-70, Do38-68 and D2344-7¢ respectively. The short beam shear

samples were fmpacted with a Gardner type ball {mpactor. Each value in TableS$
and I

1 4cprcscnts the average of at least 6 samples,

Yoiling Water Test

A coutrol and an EDAF modi(ics dogboue sample were immersed in boillng

wiater for 5 weeks and weighed at {ntervals to determine resistoance water.,

S S A B——

e~
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Resules and DIscunsion

The fmpact of the anount of EDAY odewstmmer on the cheemogravimeteic,
z o HMe neat resin

dynamic mechanical md tensile prupcftltﬂ’is shown in Table I. Study reveals
that the addition of EDAF only slightly lowers the thermal stabilicy while
raising the position of the dawpening peak tn the temperature domain.,  The
tensile properties iwprove dvamatically at 3.0 % EDAF over that of the countrol
and thea drop off at Lisher concentrations. There up;unrs to be aa optimum
of tensile relnfarcencac 1t the 2 to 4% EDAF level,

It was observed Qo the scanaing electron micvographs that at low councens
trations of ERAT (5% there was no distincet lwﬂhW'phwsc (see Figure IDB).
As the percentage of DAY was raised to 194 a very distinct rubber phasc
(seen as spheres in Figure 10) was observed,  Therelore, {t scems that tensile
reinforcuaent 1s optimum when no distinct rubber phase has been fermed.

Table Il  documents the chumge of mechanical propertices with a change
in the amount of EDAT in che EPOR/DDS/EDAF glass cloth composites. Obvious
tronds dn teaghening and strengith are seen along with veneral tnpeovement of
Table UL, Hushvata: the ;nrn{ tetizdante of dhe modetied liminales in valabion o that of the.

Lise Lemperature pooatien of (e DMV dawpening peak. p It 15 most interesting to
i | P r .

unmedilied ‘.;n;n,\k-‘_ - . Sleitgigl

ot that [lenaral touchne o and short beam shear propecties after impact have

Leen tmproved crthont compromising steength and modulus,  In fact, there has
Deen aosigaificant maerense fa strength and modualus alons with (mprovements (n
Lonphinnas.,

The tensilc properties of the composite show the same general teend of the

neat resin dogbones.  The (lexural and short beam shear after impact proper-
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tics show maximums fn the 7 to 10% EDAF range. Drawing from the clectipon
micrugraphs one could conclude that tenslle propertics are optimlzed when

the extent of EDAF/EPON cupolymerization results in a continuous matrix, where
the EDAF/EPGH cupolywers ave evenly distributed throughout the mattlx: The
inherent dncompatibility of the fluerocarbon and the hydrocarbon has not re-
sultued in phasce scparation due te the relatively low concentrations of the
former.  Compare Figuves [ and IT. As one raises the concentration of the
DAY, regicas of ERAF/EPON llacar copolymers coalesce into spherlcal particles
that beccme wore distinet [rom the homopolymeric matrix. It (s at this point
that the flexural aud {mpact resistant properties are greatest,

The improvement in dynamle wechanical properties are not easily explained
morpholopically.  The daupening peak {n the DMA experiment can be thought of
as the glass transition temperature (Tg) of the composite and {s {ndicative
of the maximum use temperature of a matcrial.s The addition of clastomers
nerratlly vesoltys fn a lowuring of the Tg. Chemically, it could be said that
the highly electroncgative fluorine atoms of the modifler afford a greater
opporiunity for hydrogen bonding. Thils would result in wore intermolecular
interascion and thevetore, 1 strouper matrix. It would require more thermo-
d?JHil? eneryy to overeome this bondlng and un upward shift of the dampenlng
peak in the tewperature Jomaln results.

Figure ILL. {llustriates the welight gained by ncat resin samples Lmmersed
In bolling water fur 9 weevs, The EDAY modllied sample shows a welght énln
that 1s 39% lower than that of the unmodificd control. It has heen demonstra-

ted that the Iatvoduction of long chain perfluoroalkyl :mdfflcra glves cpoxy

resing




.
7 .

ORIGINAL PAGE IS
OF POOR QUALITY

6

of increaned water vesistanee. The hydrophobic nature of the [luorinated EDAF

excludes water from the matrix.,
Coneluding Remaris

The wide spuecteum of vesalts from the varlous experiments demonstrates

that the physical characteriscics of the EDAF medlfiel cpoxy resin ace
#

complex. The fncrease in Ty indicates that on a chemical basls, an I(ncrease
in crystalllonity via hydrogen bonding (<l :+*F=) due to thc.nddltlou of EDAF
has overcome losses in Ty expected by the greater dampening cffects of the
wlastower. Streajth, modalus  and toughness, both flexural and tensile, in-
ereased.  This indicates o situation where reinforcement has occured chemi-
cally ( via a crooslinked, hydvogen bonde! clastomer-epoxy copolymer/epuxy
wateia ) oand phyrtostly (ofa a pabber phase/dreittle polymer {aterfoce ).

The puwvsien) rentticies af this s thatl rorpholegically there acge
vepdens of an elastouor=eper ¢ copalymer ph:ase that is cherically linked with
the Lreittle eposvediamae enreld matvix,  This system maximizes toughening
thoeeeh the mechanisms o) pubher enerpy absorption, dilacion S(rcr volume)
y-etding, optdmam rabber coatent, particle slze, particle shape and intece-
phase adhieston,  All theao can be Lncorporated (nto the crn:c/crac& branch-
fng zheory.7 Pethups this system can be more appropriately labolc; as a
Simultancously Interpenctiating Pulymer Network or SlN.e There cxists a
phase, where there {8 an SIN of the elastomer/epoxy copolymer within the

.

epoxy/diumine copolymer, ilere the rubber content s high and makes up the

enerpy absorbinp particles. There L8 then a gradual change or gradient that
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sces the composition proogress from the robber Tke SIS into the brictly
vpoxy/diamine maceix. Jn this situacion there L8 no abrupt Interface.
Adhusiun.berwucn the rublier particles and the matrix s greatly enhanced
and a more completely linked nctwork L3 positble. Now, otheoc prapcrtics.
such as Tg, strength and modulus ave not diluted by the additlon of clustoumer.

An S1H was produced By the simultancous reaction of two independently
crosslinking polymerizations in the same vessel. The actual dimensions of

L)

the dispersed rubber phase domains and the oxtent of molecular mixing between
the cemponents depended upon the relative polymerization rates er reaction
gel times in relation to the time of phase separation. Further optimization
of toughuicss was achicved by removing reaction conditions slightly from
simultaneity (l.e. the actual reaction rate of the epoxy with EDAF is faster

than taat of the cpoxy wid the diomine).
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Table T
: .
Neat Resin Propertics
\
Sample TeA AR Tensile Stronath feasite Modulus
{7 EDAF) 3% wt. loss Ty {pai x 10") (rs. x 109)
(") ("'0)

0 G5 100 () 2.0l

b AR N Loy ed.d 3592
Z

5 385 173 .o 1.98

h 380 178 1.4 1.87
A
!
|
-
. !3
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Table II

Glass Jdloth Composice Tropertics

Eleongal Flixura! Flexural Tensile Tensile Teusiic DMA
Sampl. ﬁcrun;tp Modulus Tounaness Strennth NanLu? Toughncs:\ TS
(% EDAF)  (psixl0™)  (psixl0™) (reetbs/tnd)  (privl0®)  (psix10T)  (fredbs/int)  (70)

J 5.78 3.10 30,8 4.40 2.20 17 203
] 8,104 Jeidd 21.8 5.05 2.63 103 216
2 9.02 4.30 82.4 5.07 2.57 8] -
] 2.35 4.32
10 7.06 3.27

0 ey 1.98
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Table 1IL

ai b Short Beam Shear - Impact Propertics

Short Beam Sheas Strength

(psi)
Saunle No Impact 5 in-1lbs Impact % Loss
(% EDAF) '
0 10,1060 8,800 15
3 P EGU 9,600 2
7 9,600 9,300 R |
8 @ A6 8,900 5 !
v i0,400 10,200 2
10 10,600 10,600 0
!
j
1
g
-
!
] -
{
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Figure 1. Electron wicrograph of the fracture surface of

neat resin containing 27 EDAF (2000X) .




ORIGINAL PAGE IS

Figure 11, Electron micrograph of the fracture surface of
neat resin containing 107 EDAF (300X).,




Figure I11.

Weight Gain tn Boiling Water vs, Time . 1
(% welght vs, wocks) ' :‘
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