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A RESIN IS

A MATRIX
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“refn forced flashics.” Nowwdays, an advanced

conrfrosite consisls of dfronximatedy 50 percert

"A" STAGE Lorw Moleoular Wezight Linear Fohymes redrforcement and 50 percent mrairix In the
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Thie principle purpose of @ resin bn a composite

is to permanently integrate the reinforcements

i old them tepether, if youw will ) to achieve as

many desired propertics as possible. Generally

there are two groups of resins, Bervmoflasic omd

thermroset. Thee former is characterized by low
“H" STAGE Highar Malecular Weight, Partly Gross-Linkesd proce '~‘~il11.'. costs bengling thiemselves o fass
produced products. Most thermoplastics can be
processed at lower temperaturcs than thermosers;
can be remelied and reprocessed; and they
generilly have poor fatigee, temperature, flame
and solvent resistance. Lov melting point resins
such as ABS and polycarbomate can be reinforced,
but they are gencrally consedlencd nonstructural
materials. A relatively new gooup of “cngineering”
thermoplastics, such as FEEK and PPS, has been
.;Jr_-'.'L-Inpu_-d wilh SCrvICE DEMpETalres of 2257 10
“C" STAGE Fulty Cross-Linknd, Curnd 400°F There is high degree of interest in

thizse resins becawse of their toughness and
th1_r|11|511lu'1l|-'. p.-r-:n.'r.'m-inp



MATRIX

FRESSLURE

THE PROCESS OF MAKIMNG & COMPOSITE

N resitd dud daedbosiies are carefiely resoarciog g W Gl erghioyeee olwrlaieng B el af ool ayter

clevetapen o frogiaor BRICE Comiferiies, & s e peedpifregaranted it resiie. The pre
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Thermoser resins undergo chemical changes
during processing and become penmancnily
inscluble and infusible. They generally have good
dimensional stability and good fatigue strength;
will not easily deform under loading; and hae
high =olvent resistance, Common thermiose
riesins useid 'h:|.' the MO Caill lepi vl i ime oo
POlvESICrs, CPOXiIcs, |'||‘1-|.'|'|-:|Ii1.'.~.. 2Ty lies, e rhoimes:
as well as the more specialized polvinides,
hdsmaleimides and silbeones. Common materials
wsed as relnforcements include: E Glass, 5-2

i i Cilass? ceramic, aramid, nvlon, and carbon
T rewins created i the chewricod reacior nake { graphite b, This wide range of resin and
rTTe glesireinle Doiieriied i lardfngiled Possitile

reinforcement choioes emables vs to select the
optimum combination of materials for any given
i||'|p-|'i|;_';|li1 W,

Cwice the choice has been made, the remnforce-
ment material i impregnated with resin and then
cured o a finkshed product when subjected to
hear and pressure. This vields composite materials
for various structural designs — from contoured
parts to multi-ply laminates to sandwich panel
constructions, The common element in all these
varied designs is the resin that is formulated as a
b viscosity Liguid and podymerized e a salid,

{ Polymserization is o chemical reaction in which
] i : micire than reo srmall mabecules combine 1o form
Copyiier rewe resin formulafions ane prade fosiihile much !urgvl.-r mlecules ]

By s babroreitury chennical reactor Curing a resin can be considered a three-stage

Sl et flae Coner B8 e Of fone Ferciors sed 0o ool ard o) iheremose estis o the MO0 QR Corosrgifion, Thg
fechstician O reaaliig by Pesin s piscosily anbich irdicetes B degree of polpmerization, an ieghorband pRysioal roaiesty
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PLAIN WEAVE E-GLAES CHOPPED MAT

Fralyester resin revnfireed Kerlar™ — e v frevscirnme!
el TRTE rIr

Erwcy resin rednfirced
Atherplarss — aesedd @5 o
Berding ad venitfating
sonnnd aifemiaior”
Jbricates frar fie
Mierceberied beficoditen

Srechrily forsenlabed flemodic
res iRpreg ratee 1 s

faaier honeyconnl oore — nsed @
the coure araefertad fin g parety o
aireraft fewvriog and cither
samauioh frnels,

SATIN WEAYE E-GLASS

chemical process. In Stage A, the resin ds an
unpolymerized, low viscosity liquid. While the
resin is in this stage it is catabveed and then
impregnated into the specified reinforcements.
By applhying heat and pressure to the resin, bonds
between the resin moleoules begin to form. With
Ty RS |1|r|_'9.'|'|'||._'r':.r.'|.li|r1'| can b ﬂilp]',l-t'l;l =01 in
E'SIHH_I:' B thie roesin is semis-hand and can be Laid up
ineg shapes. The fully cured Stage C is the last
phase wherein the resin becomes hard, insolublc
and cannot be remelted. Depending on the type
of resin, Stage C can happen at room temperanng
with no additional pressare { as with polyesters
ar epoxies ) or it can reguire high temperature
curing #ned added pressure (as with phenolics
and] palyimddes )

Crenerally speaking, most ool the “trade secrets”
are concerncd warh resin Formiultion and proc-
1'.~.e='i:'|.!.: 1.':'|ZL‘.IL'I'[:i:-i-I.'. heecanse reinforceents are
faid I'_c standard and available o CYCTyOne Even
utilizing the same relnforcement, cach resin
group has distinct methods of processing and
spocific propertics that will grearly affect per
formance of the finished part. Given the desined
characteristics of the end produce. the selectioa
of a proper resin is a crucial design consideration
With the M.C. Gill Corporation's forty-five: years
of experience, one of the most modern laboragtory
and production facilities available .. and the
expertise and backgrounds of our rescarch and
manufacturing personnel .. we beliove we are a8
capable as any, and better than most, ar schecting
the proper combination of resins and reinforec:
ments that will result in products with the
properties required by owr Cusiomers” most
demanding specificarions.



TYPES
OF

Hecanse Mermnse! resing ane s nvae
newed By e auirona i e aernsiooe fndus-
irtes, aevery odber bdpbtechmerdogy fields,
arnval Bivansise they are a ghcialty of the
ML Dl Cearfrorariion, the fTalbenyry i
Lregis cifscrss She arpost adiely msed such
TUSTRY,

POLYESTERS

(ALSO VINYL ESTERS)
Polvesaers were discovered in che 1950
andl were the Arst resans wsed in develop
micnt of reinforecd fibergkess plastics. For a
thermuosel resin, polyesiers are nelativedy
loww im oSl and cisy 10 process [ vingd
caers are samply high performance pody-
caer fesing, that are avre cosLly bl offer
Rener chemical resiSranes amd inprovgd
mecchanical properices ) Palvesters are
ligjeinids winh fasr ¢ure rimnes amd have
muinimal gucgassing Juring cune cvclie(s )
Theey are readily extended with bowcost
fillers, making them ideal for high-vnlumse
applications such as auromadive, constns:
tin, maring, electrical and corrosion
resistance applications. They have Exicly
high mechanical stremgih and perform well
in igh-imipact applications such &8 cargo
limers, M.C Gill produeets using polyesoer
fesins inclmde alomest all of aaif Chngo s
as well as che fac TGS ) S O Cf
sanddwich pamls, CB. Clifloor SAMITA,
SOOTH, and S

ADVANTAGES:

1. Lo bndclal oot

Fasihy mocificyd v mic et migst g

FELZINEINE SPwC ifications

3. Cowrrnsion resistant grades avzilable

1. Can he frmulated for fsfctory ser

vicw in sunlight and wet cnvironmens

Easily pigmscnted to any color, or made

L TR

Can b Land-up on very lange, low-

CAPCSE ialds ad cueed an fosm

TeMperanre withoul pressure

S =T A P S iromment — rol

TR SEMsative in P 'h'r:!‘l

#. Will rake high-filler loading in bew-cost
Applicarions

DISADVANTAGES:
1. High smoke anad toxic cmissions ina fire.
2, Mot suitable as an adhesive
o Sorvice emperaturcs geocrally below
150°E
i. High shrinkage during cwre 4% 10 8% )
which can result in inbermal stncsses. and
pudsr surfaces
. Medinm mechanical sirength, with a
tendemey vy be britele.
6. Non-pobr mobeoubes cause low inter
laminar adhesion.
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RESINS

Gillfioor 4017, Type Il
LinidiraClicnal MEpanglacs rain-
farced epoxy resin keminabe with
Mgmigx® honaycomby Cong uging
epaxy adhesive. Used ax
lighbwsight gincral Miooring

ACAYLIC

Gilllab P009 - Tharmass] Acryc
L g e =] fylon cloih.
Banded io acrdic windshialds
ardl cannies a3 reimnbareemend
when balting to airframs:

¥INYL ESTER

Gillfah 11680 — Light wesght
ballistie laminain mage] g ive
At shopgping shraprel Made af
virryl ester resin ard Keslar

T P o sy |

POLYESTER

Gllltal 5407 —Made fram
Gillflaar S00TE fibarglass rein-
forced polyasier résin Laminsde
facirgs and balsa wood com
with an additonal 030 noa-akid
Coating

EPOXIES

For some time epoxies have been the resin
af chasice o achanced compusites and the
e by which all mbhers zre referenced.
They ane mwsre ciostly than polyesters and
rogguire mry: demanding progessing indclud-
ing shower cures, which increses manu
Facturing e msc. Howover, they are highhy
pidar, wiich pronddes good adbesion to
peodar surfeces amd mctals. Due W their
Wigher oosl, they Bave found their oome
mierdial success mosly in high performance
applicanioms, such & high-Saeemel oom-
posines, high-ondarancs coatings ansd cloc-
Tromic Cincuar bogdds, We belicve they nmake
the hiest aodhsesives amndgd [ Wl e ALRONE
gompasitges, b are not well saeted for
APl CAnEns Reguin ng hlgh MRInNCICe e
tance, Modireover, thicar usIgs in comimercial
aircralt interiors s rapadly declining
hecause of their |'.||l_|1 amake cvasligtion in &
fire.

Muoch musre than athier resins, epoxies
lend themsches to easy madecular maodid-
walions, The selection of the hardner and
the activator greatly influences the resin's
progeeriics. Mamy MoC Gill sandwich panels
ulilizee cpaocy i Ui comstruction of theic
facings, armdong thoem Crillloor 5007, 41405
amd Sl

ADVAMNTAGES:

1. Can be formulated to have many (not all
in i eesin, hiswever ) of the follawding
desired propertics: high peel and
fexibdliry, good dichectrics, 350°F
service [emperalure, high mechanieal
strength, and resistane o chemcals,
fire, amd ahiacio

£ Excellent adhesion 1o metals, glass, and
other pabar surtaces. (Very dilficull (o
delamdnane, |

3 Lan Cure gt pon TEmpEesiune o a
phrvaled RemipsE rarianes, with or Wil
PrCRsSIng

1. 1E peercent RERCTIVE S0 N0 EsSIE on

CUNE O COniaminating by -fpi wlCTs

Makes very good cloth prepregs for

electronic clrcwln boards

DISADVANTAGES:

1. Higher initial cost than podwesters

High smddoe evolution in a fire.

P semvic e in cxtorior applications

unless protecied agaimst ultraviadet ligh

with pednt or cguivalent.

¥, In acrospace applications, considered o
have ppor hot-wel strength character-
istics &1 high temperatiuncs | 350°F and
aboee |

3, somewnar difficualn @ process | slow
curimg and mMoisiane seisitive ).
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PHENOLICS

Phenedic resins are lower in cost than
epoxies. They have been overlooked Sor
aihvanced composite construction because
thery give off volailes during oure, thuas
crearing voids inochee compaesibe. A o
percent vinid will redoce strength by abao
six percent. Elowever, they are inheremly
man:burning and emit very how smoke
evolutien in a fre comgared o almost amy
arganic polymer and, s & resaln, ey arc
highly desirable For use in aancedt interiors
Ty cam e msdificed foe roughness and
I sdom bt during the procss, some: of
thenr desivalle low simoke CRardciensnies
i B st

Meverthe less, in hsw smioke applicatons
el TR |,'||'I|11|||I| = are the most onst
elfecrive cholee avallable. We have amd are
coninuing to invest hemdby, bogh in man-
hours and dollars, neffores v modily them
and still retain their low smoks properlics.
Crilliner LIGT amd 1367 ard e ol our
carpsr linors utilering phonolic fesins in
lacir consbroctEm el ang origingl
cyquaptienl in MeDonnell Dediglas and
Boding aircral respectivelys I is alsooa
COMsEEnn in Cai| Billemor Adb ke ancl 4 1R
samdwich pancls among orhaers.

ADVAMTAGES:

1. Liva st

2 Mincburndng ancd b simoke by sy
tast mwthasls

. Caosim] stromgth rotewtion a clevaned
Lemperalures iF paosl cuifcd

4. G sechamical strenggih and e
'|1ur'||_||_||‘|;_' resEsl A wWihen v ]

5. Capahle of withsiznding prolonged high
remperangirg § 3H0 w AR Fi

DIsADVANTAGES:

1. Lighit colors cdafficult to achicve.

2 Loweer strength than eposy — iisee

similar to palyester.

& Sloww, hegh temperiture curing ard

moid GIEE Prossancs.

4. Emid 4 10 B perecnt valatiles during
cure, prodecing parts Dl my e
porows surfaces with micro-soids

. [Hlficul v poadiry.

L Mlus b propregied, *hich increescs
o0l

=

L ._': B

PHEMOLIC

Gilltab 4122 —Mada fram
libarglzss clath reinorced
phemalic lacings bondsd to
Momex honeycomé core. Has
manimnal amaks amission

EPONY URETHANE FOUM
Gilltaks 5008 — Fiberglass cloth
reinbarced epoay resin laminais
facings with pofyurethane foam
poEa, Lsed for sidasalis on
liguuor carts.

PFHEROLIC

Giltlab TIETF —Moditied phenobc
recsini reanfarced wosan Tiner
glass G (wathaout the 1 mal
Teolar® cwerbiy). Lised Tof loe-
EMOEE GIMISEON CHMQD Srens in
commenssl Secrali

Ty

P —

POLYESTER

Gllifal 990C — Polyesier esin
reinbgried choppsd slrand Tiker-
glass mad. Used for laboratary
coumar and 1abk 10ps, Excaelicnt
chemical resistance.

ACRYLICS

Acrvlics arc cxtremehy transiugent and
heave uliravioler | sunkighn p resisiance. They
are v hest pesin systems avallahle o
witlsramd wearhering in an exterior
crvironmsent {outdosrs ). Unforoonaely,
they bum, are structarally weak, aml vy
difficule u process with reinforeemonis
The M. Gl Carp. & one of the Tew
companies that can accomplish that
process. Acrylics are highly polar and can
be formalated into very stromg fuat
somnewhal brintle acdhcsives. Topacal
products using acrylics are Gillksh 1000,
BOEE g 1122, 25 airoraln sincdshield
reinkaCemienis

ADVANTAGES:
Exccllemt weathe ring,
teeperd impact strengrh
. Tramslucent dor iransparent.
. Excelbent adbwesiomn
. Lan be twermoformicd.

DISADVANTAGES:

. s easaly fm nost fkame esis

. Poor temperalufe fesisancg
L N LR T PO eSS with reinforcements
R bavively passr mechanical serenggth
{ simiilar v thermoplastic §

% Poor scracch resisance

R

ki, il o

SILICONES

Silicon is an inongamc fesin having noe
carbwan it molecular SrucTure, mesming
Eheeies i bt fo sitwke i when
b, Mowmualiv tscd a5 a luberican, i
can he formailaed o form a pobamer thar
i5 weak, brimbe, hard 1o micdify, and
difficule 1 process. Non sumprisingly, iv has
experienced Heele commercial sucoess,
fimading acceptance only where high
temporature rotention of mechanical amd
chectrical proportics is critical, The M. C.
Gl Canrpa. i5 onc of 2 very fow oonigknics
that processes reindorocd silicone resins
tor structural applicatioms. Galllah 1017, a
high tempeeraruee resistant shoet, is 3 pood
cxample of a siliconc product.



URETHAMNES

Urethanes can be formubitcd 1o @chiove almeost amry
properey from fexibbe foams o roller-skate wheels o
howling halls, Hhowever, thoey are mone Costly than
polvesters and have some Wesscily probdems wien
bammesd, o ther have nob ool widc wsage in kay cosl
applications. Moreover, Bicy bave high smokc cvalution
in a fire. Urethznes are considered 1o Rave excellont
ghrasion resistanco, adboesion, and ooghness,

POLYIMIDES AND BISMALEIMIDES
Polyimides are comdemsation-curing resins {they gve off
volaliles when curing b Scrvice 1emperatnes range up o
G0 " F Tl ae s il wessig] an Gl F, making tharm
aifficult and expensive o proguce, They perform
4_-5._~.|_-|'||:i:|1|:.' as high-n;nq:q-r.il iwre versions of phemolics, bt
woering mach more ansd heing minch more difficulr 1o
privess Like phenolics, they are nommally britele, non
hairning and have low smoke evodution in a fire.
Fsmaleimices oost even mare than polyimides, prooccss
almost zs easily as epoxics, amd cxhibit stremgth rerention
at chevated temperatures a litthe hower than polyamides —

RHIST 10 ——

A F 1 S00°E Most availalbde ierione Bls 1o monion
that they burm in FAA fne 1es1s,

At rovm temperaiure, both of these résins are nclaivedy
weak andl becawse of their cost, (hey are comsidenad only
for high-temperature applications.

WHICH RESIN IS THE BEST TO USE?

There are no hard and Gsl answers. Progertics desired in
the el use application = genorally the deciding Booes
bt v that answoer has its limitations. For cxample,
cpoxics prowide pood mechamical sirengrh, which is
immpariand. Bl oSt is alse imgaariant and that Beror
wionhil dictate podvester. I &5 we expect, The B scis
srnk ©Tission Crleria a8 the overriding characierisric,
then phenolics ae the best available, As the graphic
sl shevvs [ 10 I'H_-ir'q_- thie st desirable b, thiere 15 no
cul and dricd chosce. The one constant in this seemingly
Lu_unﬁp.lng array of options is thar the M.C. Gill
Corporation will be continually improving and upgrading
all the resin Bsrmulatksns we employ to ensure that no
mareer which resin our customers sebecr. it will
ingorporate the latest cechnologies available and s
performance will be second to mone

g
PHEMIILIC
B -
T
EFCF
]
5
POLYESTEAR
4
3
BILNCOME
2
1
LEAST POLYINDE
DESIRABLE O
SMOEE LS R | SERVICE COET
EMISSICM STREMGTH TEMPERATURE

Errata— In our lpst Issua, on pags B, third paragraph, the
lagt sanienca should read, “Likewisa, Gllinar 1367 and
Gillinar 13674 ara qualitied to Bosing Specification BldS
8-223, Cless 2, Grade B, Ty 13 thrgugh Ty 707




NEW LIGHTEST WEIGHT,
NON-BURNING
GILLFLOOR PANELS
SELECTED FOR THE MD-11

O February B 1990, the
b C. Gill Corporation was
awarded the cantract o
supply passenger compart-
mani 13arirg 1o
McDonnell Douglas’ new
wode cabin BD-11 tri-jet
The award was made by
Ganeral Dynamics

floorngs) arnd shffness —
characteristics shared by
{Fe grarmid henayComo

.
care

LOW SMOKE RESIN
Phenols was the rasin
gystem of choice because

Convair Division,
subcontractor to Douglas Aircraft Company
The aight-tigure award is one of the largest
in the company's history and il signals he
continuation of aur long associations with both
General Dynamics and MocDaonnell Douglas
The MG Gill Corp. will supply the raw stock
panels and General Dynamics will propars
them for final installation in 1he M-

GRAPHITE AND GILLCORE

Gillfab 4109 was selacted as the material of
choice for the passenger compartment and
the cackpil floaring. It is constructed from
unidirectional carban renforced phanalic
facings bonded 1o an aramid honeycomb
core. The unidirectional carban, ar graphite,
was selected for the facing material becauss
of its wery light weight (approximately 20
percant lighter than other conventional

it is inherently non-burming

and exhibilz very low smoke avdlulicn in a
fire, Thase two gualitias are becoming
ncreasingly important in today's airncraft
salaty requiraments. Most imporiant, i
qualifies to McDonnell Douglas r:-;| d require-
meants — in this case WG 7954400 Rev. D
Ty1&2

The M.C. Gill Corparalbon has long been in
the faretront M the manufacture of Iowe Smicke
and burn-through resislant composies nal
anby for sandwich panels, but carga liners as
.Iull.ﬁl

MeDonnel Dowglas was one of M.C. (sill's
first commercial customers and ther selection
of the company as a suppher for the 4108
flooring panels is ancther in a saries nat
dales back almost forly years to 1951, We loox
forward 1o and fully expact o continue the
relationship for at least anather forty



