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Spectra Group Limited, Inc

Specialists in Creative Photosciences Solutions

Founded in 1991; dedicated and highly skilled staff

Coverage of various fields including photochemistry; polymer chemistry;
photoinitiator synthesis; resin formulation for radiation cure and @pplied
development in this field; spectroscopy; fluorescence; surface istingm
troubleshooting; failure mechanism determination; litigation assieta
performance testing

World renowned photoscientist Dr. Douglas C. Neckers (Bowling rG&tate
University, Bowling Green, OH) is a permanent consultant to the staff

. CONTRACT RESEARCH AND DEVELOPMENT SERVICES

World-class expertise and well-equipped facilities in the basid applied
photochemical sciences, radiation cure and allied industries

Proprietary or patent position for clients: introducing new prodadsessing
feasibility; finding solutions to existing problems

Formulation/product development involving both UV and visible light cure
Resin formulation development; photoinitiator optimization; testing and
analysis; system approach

Novel, difficult or “next generation” applications

Benefits for companies who are not skilled in radiation cure, whexaiering

the use of radiation cure for the first time, or who want to emglpplemental
expertise

Areas of development: coatings for metal (including corrosion resistan
coatings), wood and plastic; inks; adhesives for plastics, glass dafj thiek
composition cure; filled potting materials

Custom and toll formulation for customers’ existing or newly developed
products

Custom and toll organic synthesis

. SPECTRA GROUP PRODUCTS

UV/VISIBLE, PANCHROMATIC VISIBLE AND IR PHOTOINITIATORS

COLOR-ON-DEMAND LINE, including fully formulated products, additives
and printed materials

SPECIALTY FORMULATIONS

27800 Lemoyne Road  Suite J  Millbury, OH 43W
(419) 837-9783 (Phone) (419) 837-68Eax)
www.sglinc.com info@sglinc.com




Custom Formulation/Product Development
Services

Spectra Group offers its expertise in formulatioaduct development

as a part of its customer service. The work isqraréd on a completely
confidential and contractual basis. The followinggedure is often
implemented:

Confidentiality/non-disclosure agreement is exedute
Formulation/product targets and specificationsdigeussed
Properties needed and tests/measurements nectsaahyeve them
are highlighted

Upon customer’s request Spectra Group may subpribgosal,
intellectual property disclosed in the proposabhgk to Spectra
Group until the proposal is accepted

If the proposal requests the prospective customgnance the
development, intellectual property developed duthgwork in the
client’s field will belong to the client

If the proposal does not require the prospectistaruer to finance
the development, the customer may still have amopb execute a
technology transfer agreement to acquire the adtlbl property that
was developed in the course of work from Specti@u@r

Future relationships can be based either arouradesnial royalty
stream or exclusive formulation/product supplydarumber of years



Custom Formulation/Product Development
Services

Selected Examples

Corrosion Resistant Coatings

Target
Development of radiation curable corrosion resistaatings under a contract from the Navy to ingase
protective repair paints for submarine ballast sank
Principle
The technology (US Patent #6,211,262) is basedcofiade resins which incorporate corrosion protecti
fillers and other materials.
Results
Energy curable, essentially zero or very low \&Q@ints have been developed
Very fast cure times are achieved with UVA, UE or visible light (pulsed Xenon) cure. For
V LED and pulsed Xe ~ 4 mil highly filled coatirg cured under 1 min
No mixing — one part system
Cure is not sensitive to temperature or humidigditions
Double coating is generally required for repair
Adhesion is optimized using silane adhesion otens
Field trials have been conducted; paints hawn lapplied to the inside of active duty submarine
allast tanks; 33 months of regular use showeds®ih adhesion or rust formation
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Energy Curable Highly Conductive Paint/Insulating Sealant

Target
Both light curable highly conductive repair paindansulating sealant (putty) were developed fet fa
airplane repair turnaround; the products have OEMmtial
Principle:
High intensity UV or visible light causes cure b&t2-part system within 2 min
Results:
Very low resistivity (< 1 Ohm/sq)
High solvent resistance (no Jet Reference FHaklp and softening)
Excellent adhesion to primed aluminum and caffim@r composite substrates, outstanding

lexibility
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2 — 10 mil thick silver highly filled paint ciseinder 2 min with commercial light sources



Epoxy-Amine 2-part Adhesive System for Bonded Repair

Target
Adhesive system compatible with safe, efficienndhum surface preparation (sol-gel) that can beatur
below 180 °F in a time that allows completion af thtal repair cycle in 24 hrs or less. The firdhesive
assembly must perform satisfactorily when subjettesth array of mechanical and adhesive strength te
across a service temperature range of -67 °F t¢E80

Principle
Formulation includes the use of novel materialschtillow for both a high degree of flexibility and
increased mechanical strength at elevated tempesatu

Results
1. Adhesive developed is cured in 1 hr at’82under 15” mercury vacuum
2. Excellent compatibility with the US Air Force acteg sol-gel aluminum surface
pretreatment
3. Excellent mechanical strength at 180(lap shear ASTM-D-1002)
4. Outstanding T-peel strength (ASTM-D-1876)
5. Reliable performance in wedge test (ASTM-D-3762)2Q +/- 5 °F and 95 — 100% relative

humidity: no crack propagation, no adhesive failure

Photoinitiator Development

A new class of cationic gallate photoinitiators bagn developed (US Patent #6,166,233).

Photochemical Problem Solving
A photoproduct responsible for coating degradakias been isolated, the mechanism of the photoptroduc
formation has been characterized and methods teprdormation of this unwanted side product have
been recommended.

Custom Synthesis of Conductive Polymers
A commercial manufacturing scheme has been deweltmpereate conducting polymers, previously
identified by the US Navy as a potential anti-ceive non-hazardous aluminum coating replacement for
toxic hexavalent chromium compounds. The SGL/USyNaaterials are conducting polymers of the
phenylene vinylene type (BAMPPV) and these haveifipally been identified in US Patent 5,904,999,
successful proprietary preparation procedure wggested.

Color-On-Demand Technology Customer Specific Developments
Stereolithography

* Target
Develop “color-on-demand” in state-of-the-art (eptwbrid, one laser build) stereolithographic resin
* Results

Several custom formulations were developed basddrarard, reverse and dual contrast, including
multicolor systems. Several patents (US Pats. 51877 5,942,554, 6,200,646; 6,309,797 B1; 6,433,035
have been secured.

Flexography/printing plates

* Target
Develop “color-on-demand” in state-of-the-art flgxaphic plate production
* Results

Several custom formulations were developed. A patetailing the technology (US Pat 6,479,217) has
been secured.



Organic Synthetic Capabilities

Three Ph.D. synthetic chemists with hands-on experience in organic and physical
organic chemistry

Modern equipment and instrumentation capabilities which allow R&D as well as
large scale manufacturing, with full access to analytical instruatient GC/MS,
NMR, HPLC, IR, UV-vis and elemental analysis

Ability to access major chemical databases, such as Belstein and SciRiG8er
sponsored chemical literature

A Chemical catalog of compounds for sé&er 400 individual items) is posted

on the website and several search engines including ACD and ChemCats
SciFinder

One-step or multi-step synthesis up to 22 L/5 kg per loading for a variety of
compounds

Low temperature synthesis at —°[38

Reaction Methodology/Optimization — to determine best conditions (catalyst,
solvent, thermal regime, etc.) for a known reaction

Scale up recommendations - using optimization techniques to make
recommendations before transfer to a toll manufacturer

Toll Production — using either the customer or own optimized conditions
Mechanism investigation for target reactions

Current major objectives — commercial production of a number of small organic
molecules and dyes (EPA LVE obtained for a number of products); increase the
number of catalog offerings

Classes of Organic Compounds Available for Sale
Precursors for Multistep Synthesis
* Functionalized Aryl lodides
* Functionalized Heterocycles
— Benzothiophenes and benzofuranes
— Indoles
— Oxadiazoles
— Pyrazoles and Tetrazoles
* Functionalized Hydroxyketones and their derivatives
Dyes & Photoinitiators
* Cyanine Borates
» Triarylmethane Leuconitriles
» Xanthenes
Precursors to Conductive Polymers



