
to a reactive trialkoxysilane moiety capable of covalently bonding
with glass surfaces. Here we hepcrt the coupling of sulfonium 4alts
with high surface area silica gel as a model for glass fibers. High
surface area silica was chosen due to the high loadings achievable

Towards Tailored lnterphase Formation Utilizing Surface-Bound which allow more facile characterization of the degree of
Benzylsulfonlum Salts as Cationic Initiators functionalizition. The ability of surface-bound sulfonium salts to

John A. McGowen and Lon J. Mathias* initiate cationic polymerization of commercial epoxy resins will be
Department of Polymer Science, discussed along with preliminary work with glass fiber reinlorced
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The benzylsullonium salts synthesized are shown in Figure 2
Introduction Expp.imental procedures and characterization of the salts (except 1')

The level of interaction between fiber and matrix is of crucial along with all intermediates has
importance to the overall properties in a composite material.' It is been previously reported.'
through this interaction that the properties of the fiber and matrix are Coupling of 3 to silica gel (as a
transmitted. The interactions between reinforcement and matrix in model foi glass fibers) will be .

a composite are facilitated by the presence of a microscopic reported in a luwe publication.
interphase region. The interphase is generally composed of a Iwo diflerent silica gels were"-" ___.,- ,"

polymer ne. ,ork formed by multilayer buildup of a coupling agent used in this study. Merck silica -
attached to tne surface of the fiber into which the matrix can g9l-60 (silica) and Fisht.r Davissi
propagate and b:nd. This provides a structural lattice which allows grade 634 (davisil), witai surface
for good energy transfer from the matrix to the reinforcement.? For areas of 460 and 480 m'/g,
composites utilizing glass fiber or fillers, silane coupling agents are respectively. The presence of (CAbi"
most widely used. Silane coupling agents (RSi(OR'), have sullonium salt on the surface
functionality which can react with surface hydroxyls on the glass was confirmed by FTIR, "'C and
surface (-OR'), and an organic functionality (-P.) that can react or 251 CP/MAS solid state NMR, igur 2; BoruIini s-lts
interact with the matrix resin (epoxy, amine, vinyl). The interphase and thermal gravimetric analysis
plays a dominant role in the fracture toughness properties of (TGA).
composites and In its iresponse to aqueous and corrosive Characterization
environments. Being able to develop tailored interphases will allow Thermal analysis was preformed using a TA instruments S)T
control of the overall properties of composites to optimize strength, 2960 (TGA) and O'SC 2920, controlled using a TA Thermal Analyst
modulus, and toughness. 2100. TGA's were run at heating rates of 20 0/mmn in air or N,.

Recently it has been shown that benzylsulfonium salts are DSC's were run at 10 "C/hnin with nitrogen purge, Solution '3C NMR
excellent latent initiators for epoxy resins,* vinyl ethers,' and spiro were preformed on a Bruker AC-20U, solid r~tate '3C and "Si
orthocarbonates or bicycle orthoesters. 5 These initiators are not CP/MAS were run on a Bruker MSL-400.
hygroscopic, dissolve more readily in epoxy resins and exhibit a Results and Discussion
longer snelf-life, compared to the commonly used BF,-MEA complex. The ability of 1 to cure epoxy resins is demonstrated in Figure
This study centers on designed composite interphases based on 3. The epoxy resins used were DER 331 (Dow Chemical, below)
using polymer synthesis to chemically link in ating groups to the and DER 324 (which contains 17 wt % of a C,0-C,, aliphatic glycidal
fiber surface, promote radial growth of the interphase out from the
surface, and finally initiate matrix cure. ";he approach is based on 0 HO 0
tailoring interphase formation before matrix cure, and should help to 0 -_--
develop very strong interactions between the composite components. o --o
Our basic approach is illustrated in Figure 1. Novel benzylsulfoniurm
salts have been synthesized which possess an alkyl ether tether tied ether). The majority of epoxide reaction takes place below 150 .C

and is attributed to cationic initiation and polymerization. However,
at higher temperatures turthei reaction takes place, completing the

pk -' .,, matrix cure. Glass transition temperatures (T,) and heats of reaction
-are given in Table 1. FTIR analysis Indicated high conversion with

"the con mplete disappearance of the epoxy stretch at 915 an-' for both
/ • samples.

rh The ability of surface-bound sulfonium saits to cure epoxy
,_1 resins was also investigated using DSC. Different weight percent

1.) ,ýy"-"- f,.ormulations of trea.ed silicas and epoxy resin were mixed at room
temperature and subjerted to OSC scans to 300 6C. TGA on treated
davisil Indicated appioximatoly 13% loading of sulionlum salt, Solbd
state '3C CP/MAS NMR confirmed the utructure of the coupled &at.
The' DSC 'hermogram for DER 331 with SbF,-davlsl Is shown in
Fil;ure 4 (Br-davisil shown as contr•). Values for heats of resction
and Tg's are given In Table 1. As can be seen In Figure 4, only the4

F 1g:e 1 Poyirkstiob of epoxy mus~ by isriot- W"d wionsnlum uils.
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High surface area silica, while allowing tor a high degree of
functionalization and thus more facile characterization, has many

OCtR 34 surface Si-OH groups that are left unreacted after functionalization.
D- ER 331 In addition, due to the hygroscopic nature of high surface area silica.

obtaining reas~neable dryness for cationic polymerization with this
l~a A system i~r dill' ull Therefore. lowei surface area materials are being

investigated as more appropriate models for glass fibuts which wili
oh allow lower temperature cure to take place in higher yeild

Conclusions
00 Ilia burirylsulforium sa~lts (I and 2) bolti cured the epoxy

fesins to high conversion In addition, the surface-bournd irk'liators
40 ~with SbF, rounter~or also cure epaxý resins *hvireas the; Ur salts

_______________________ ill not Ouantitativ~e deteirmination of the eilie,- ot :urte
Wconcentration eftects surlace etlects swlsphsVriper

Figure 3: OSC thermorm foofRrsis the curetd malt-ra's are t'imi invw'i.araie*d
with 1 wt% 1.
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