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This short paper sLrrrmanizes lvork di-
rected toliard evafuation of epoxy/grass
conposite systems, suitdble for saiLpLane
constrlrction. The object of this project
is to prcvide designer:s ith refiable data,
based on syslens enpLoying doneslic nate-
ridts and hand Lay-up techniques ,ith a
roon tenper.alure cure.

The fLechdnicdl pxoperties of simpLe
o.po.. e 'L - oJ -po\

forced ,ith gfass fiber, depend upon the
oroD6 6 6 j o of Dotr €. d o r-9-. J

afd dfso depend upon the chosen nethod of
tabrication. Fabrication oi larg€ co)r,po
nentsJ such as gfider ings, generdrly re
quires hand lay up techniques dnd room
lenperature cure. AL1 data nas obtdined

P e1 P, eP , eo b "-ro "--,p " o
.o pe.o .o ( 0 0"c).

DISCUSSTON

> 80% by Eubstitutin! one roving for
dnolher in a given resin systen (the per
cen! gLass by leight renaining constd.t).

Hand rdy up fdbricalion techniques do
not opti-trize condllions tor close control
ot gldss and resin content in the conposite
str.ucture. Uechanical properties of the
lanindte are dependenl upon lhe 9L.ss cor-
tent; therefore, the percentage of glass
in ihe systen nusl be closely contl]olled
to insure tha! property values do nol de
viate unnecessarily. Proper proceduneJ
holvever, cdn consislentLy produce Ldmindtes
ith ilr;ss contents of g-0"/.'' 3.251.(r)

D" ".Le p!. oa 6a ror .e/e!d
roving systens and severaf syslens with
styLe 181 gfass fabrlc.

RESIN

A series of epoxy resin ;ormlrLations
have tjeen evdludted with variou! types of
gLdss reinfor:cement. Ddtd hds been tabLL.
lated Hhich can be useiul in sairprane
design.

A srlrrnary of che resin ork to date
is presenred. AdditionaL l.rork is contuu-
in!, aLthough it is prinarily concerned
r.rith u.ique diLuents possessin! nulti
functionality. Futune reports niLL be
ndde in this area if usefur datd is de
rived from the stlrdy.

Grdss evaLuation has boen !.estricted
to apFoxindt€ly tv7-.ntt fj.ve l]p€s of

- ol ..o .-
(srtre r8r). Proper reinforcen:nt seLec
lion is very irportant if ]righ vdUes are

d. oo o -"' -.frexurer for cxarLpLe, cdn :increase bt'

The selecrion of the proper nalrix is,
perhapsJ the mosl difficuft dspect of de
veroping d coJnposite sys.en. The natrix
(or xesin) consists of ihe epoxy resir anc
its hardener (coreactaft), dnd nay nLso ill
clude diLuenis and other modifiers. Si!
ni;icant pdrameters for evdlLLating the
matrix include I,ot li;e, viscosit', at room
temperatLre (R.T.), elongdtion, hed-. di5
tortior lemperalure, cost, availabllitJ,
heallh hazard, etc.

The eporl, resins used in this ev-lua
tion ,r,.r€ the diglycidtl ether of biphenol
A (DIGBA) type riquid resins hich are
av.irdble under d vdrietl of trade .:nes
and .re co)r,Tonly referred io as nEpoxies.r
Typicel oi lhis .ype ot epoll is:

ll\' ood ' i J 6. o. " -
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l'ldch of th! !vdlu.L-ion io:. ir.idircctio al
coJrposites lrd5 basad on resi. syst-cms
usln9 Shellis ipon 825 ,:poxy resin.

The harden-.r LLsed in nost 3tudies ,a5
Tri.thl Lene tetranj.ne (TETi\). This herden
er providcs ve"y ilood necha.icaf propcr-

' d ". . r\ p
objectio. to ihe JSe of TETA as a harden-
ex for: hrnd iay-up ris thal rh-. systen
cures or hardens loo quickly. Tliis fact
in itself i.s not oblectionabl€J pefhaps

; o. . .

dLie .o ,,(ork'r rith thL laninate before
roticeabl-. har.leninq oI the er/sten occur!
is so Liniled lhat the resin often begins
to haxden l,-efore thc Lay up is conpl€te.l.
I iormuration has bee. deveLoped tnal sub.
stantinLLy lengthcn: the npot lifer' of a
TETA cured re.i. sr'.sten, etfe.iiveLt over-

i, o :, .

SoreraL diLuents lave b.cn ev.Lluated
. oa: :-. o o E 'Do

Tlre:e diluents .Loucr ihe v:iscosity of thc
resin and, ii sone ir5t.rnce5, l-engthen
ahe !,ot lif€ of TITA cured s'stens. Ver-v
lo,.r v:Lsco5ity re:ins er:e desirablc Lecduse
hiqh:r p.rcenlages ot !la!s r!inl_o".erenL
crn b. inrpre!nated liith thcn.

The selectivc use of siLdne.r.iditiv€s
to the resi.. crr al:,o rodity tlre propcr-
ties of lhe cur.d aan:nateJ ds arelL es
elfecL the por ]if. of tlie resin- Con
cenLir.rti.or,s of ljl s ane a:.e sho'i to be
,:fIcctiv.i. ri.nt 5il.anes accelerate the
rdtc cf cure of eport systenLs; ho evef!
aL Ledsl one alicycli. epox,rark]lsila.c
.ster rriLl:nhibit the r:rLe of cur:e a.d
siJ)ulLaneorslt enhance cLrhex systen prop-

I
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a.

': unio. Cariride, A-.t-fti0 sirane:''i- Union Cdrbi.1e, A 186 silane

fiqule 2 Jives the pot life of severaL
5 eLec L-:d s] s L'ens.

ti!ure i ittLstrates the pot life;s
a Iun.iior of TETI concenrration. ll
lhou!L lon! rot ]if. is riesirable, reclLdni-
.a1 propexaies an.1 heat .iisiortior', t:Irpelr.-
lure decrea:e ,"rilh i:i€cr:easing con.entra
tion ot TLTA. To insur. optixr,-rn proper
tics, it is sug!ested t|aL Lihe TETA .on
centration i.: stri.tly |eld Lro 12 13 phr
(perle per hu..1re.1 r€s1. - or rillf,ted

Fiiluxe 4 !ive: selecled pioper.ly valu.s
for l.aninate5 t ilh A-136 add.:d to th.
rcsin. It is int.r.stlng to notc th:t
trle nechanicrl. proplrty vrlu.s oI lamirales



L. Epon 326 (rllo) TITA (12.5)
:. Ciba 1,Y554

I Epon !26 (L00) GenanLide 2000 (14)r'r

4. Epon s26 (90) BGE (9.0) A 196 (r)
T|TI! (t2.!)

5. Epihote 162 (r0!)''r LaroJnin 260
( r8 )-*".}

'! ccneraL liilLs Chenicals:!i; SlreLL Cheric.l (sol.d onry in Europe)
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Epon 826 (90)
TETI (rl plll)
Epon S26 (:10)
TEIA (12 phr)
Epon 326 ( !0)
THTA (l.L phr)
Epoi 826 (9!)
TETI (r0 phr)

Epon 82b

BGE

TNTA

BGE (9.0) r 186 (0.5)

BGE (9.0) A r85 (0.5)

BGi (9.n) A r86 (0.5)

rcE (9"0) lr-186 (0.5)
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sitl 1,0?l i f86 added excccC tLe vaf'res
of Lhe sarre s,'stcn ,;tlout ;ildne. It
dppears lhal rhc inj.tir; siLn.e addition

i: d pLr- -) rle .- ^ :fd
actually reduces L|c p.operLy vafo-ci. f4-
c eJlir.l rl.' !i-Lrnr ' nlccntr:: or irirovp
0.25% pro,jrcssivel). inpr:oves tJr:r rnech:ni-
cd.L proDcniy vrllres url1.1 !ircy seeiT to

"cach a naximur--r ne;I 1.0% 5i1dn!. ,qL
r.0% A-18t dddiiion ro:i DroDerties are
inproved Jnd a.l-so a longor poi filc i.5

Tlre cffeci ol" bul,,,l !lyci.ltr eLlrcr on
pot r.ife is :i1o1.Jn in fi:. ra. F:E!rre5
5b, ac, d give prope! ty valu.s for scv
ari'_ rceir lcrnuldt i.,n!. Tlr .^ :Jrp].
rp . si:np: rcFdro' b. td: 11 ' r; rovi ' .

hrith lcsjn ind s,.LireezirL-. oirt a: Jfuclr er
cess rejrilr,s po:r:ribLe. C1,35: cor:ten!
!+as ileld [o 6:% + 5, sith oCF a5a Xt] 225
roving .
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r,0ll bcra (1,4.poryclclcheitl) o rj'ltr j
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Bal) la 22\ llass rovin!
(OCr) 6 i - 70i,1 jrla5; con
teri. b! .1.1Lt

Th,- s.l!.:tiori c]1 ! !ass tof a !i?en
r,csin slsreJr're.tLrire. tlre hdnd L.t-uf oI
pot-eitialLy :to.,.l 3la55e! inC tlLe 5Lrbse
qucnt i.:iiiq 01 .nrt. cs t.r ra.hanicrl
valucs. Sfecirenr i. ll:1i .tLr.1i, iiere

:itrenllh: dnrl F..lu,us cf elJ:ti.rity. Tl,e
r:a lL-r'lti .: tlre :vdluali..n,ir:s dircct..d
:'i!ard iro.]!.in! a superior. unidrf..:ti..,:1!
Jral:.r'in.L) :iJit.ri,Le Ior ,rrinj- rpnf .onsi.:.u.
Lion, Tie re5uLts of .ests .,n uni.lirec
riiolaL ..ani.nates is prcserted in Fi!. 6.

il nor:e liDriLred anounr of data hds teerL

Tlris ddt:r i! px.ie|t.o in Fi.l. 7.

Resu.Lts or L:esis oa !lrrpnitc rer:nforced
ldJrirrares i5 dl5o progr.-..5illr. Resutts
Lro.iale dre mo;t.ncoLLrr!in!. ll separnLc
re)ort on thi5 sL!d.,' L.ri-11 Lr: r:rad. avar:r
rhle in .ra..Ly L! /L.
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.rioven'.lla:5 fab'Ii.r bJ h.rr.d hr up t:clL

L-.1.nd..1 !ii. the hdrd..ex dnd/or oth-.r
additiv.rs a..i .lte nLirture i: dlqtied ic
llLe co!., oi ilre !LoLd :ir]]fd.e. il t.ay:r oi
9.td:i5 inlrr.r ii appLie.l d.d :.t|,a:zed or
brN5hed to ,,icrl lr. resln up U:rolr!]r rh.
tabric. A.ldilir.nal. r:esir, is of-en ddncd
.o lhe rol :uira.e to let cortfLere , eLj
our:r ot tlre tabri.. ALldiricnat pri-.5 oI
Irbric: dre ad.llil in L_lre

ii.l lne desir.c rhi.loe;s i: rcrieve.l.
G1!at care eiroLtld he r-rhen to renro,,.e a.ll
!.t.apped dir bubbLe:i.

at)

il rr

Rl ri t l-oticEi,'El lT



- r-- *-T_t__]
]Lrr.r'ijL2.nI ) Fr

Lt il.t_ ra: ibc' ( !)
ln r!. r .i
1'lA (12..,)

acE aiE ocf !30 ocf El0 ocF iio--l t----,
liircllrlitct], lROPqiqES

1-dxstaLt EuttNcTrij

tj,Eriii', sltirrcTllj

tl)0a0

t9,9li

,22) ) rr,1!2

t2/,,tOC llL. t:1 :1, L/,.a1J1:, !00

lj0nlrug 0! lri!1I$Il,
^ tc- 4,r6

llcul(L 7

Unldir€c!ionaf Rov j.n:r

Trrc hishesi niccl:anicaf J:re.3ths icl
p:,\r i.. ndrFr i ,Is cdr b- rcl i./ LJ in LJ.

dlrectionel lamirdtes ol ..jIass rovin! dnd
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'incLuio prop.r !tL't irul of tlc fi.ber:i.
proper: a.tilnrenr oI ire fib61s dnd '.Dr.:cis!
controi oI the ano,lxt oi res tr, rddcd rc
tltc roving. These fe.tuire:neris can bcsi
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balh sinilar to llre one iilustrated }.1o .

I

It i. i-r:crif,r,, :o irLcl.i;r!: .ro)r:i!:L_.i:ra: cur! .i t:re .Jltr:ie rnd rero:/i? :!.. €x-
' :-::.. C, - o IJ

!la:i irec !.f co:rtrii,r,.itior pr:or ro LL:r,.
Also rvord :,n:11 r:diu:r berds (!: I/4 ii,.)
ir il,. ro'..i1'i drr:l1; :l' l:,rn: ! i;-,a Dro.e

LAt,lINi\TE
NO.

GINSS
%

TU}TSILIJ FL!X- alDt. FLiI. :-T)D. .r;_ri N_ | r/. -r:,. ,r'rLlijr. tpri Lri

L10:1.

LLo2

L103

L104

Li05

L106

40-0

59.3

76,244

a5,3O:)

34,65A

32,60.)

J!,139

3 9, rl00

4a.511ti3

48.cxLo3

:l4. aa10l

4J,oxroj

54,0a-03

JE. aal0l

(:v.-. I )

2.462106

1.4 I l-
'2 -Lr.10"

1- !al ll 
_

(av,:. )

i2./,
(.!e,)

1i.l

1: .2

1r.l
:1.1

>47c'F 
i !.it!r r.-/fi ri,.

,..f. | ,,,, 1.,--,"
> r19 :
>Ji:rLF 

| 
.,. 17 i :1-- .rn.

,4rC"F

--, c'- I i


