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MILEX™ Phenolic Resin

Over the last two decades MILEX™ Phenolic Resin has grown inlo a complete praduct line of this high parforming, flexible
{ethnology. Currently Mitsui Chemicals offers three different formuiations of Phenofic Resin, which are being supplied lo the
torth and South American markets by Mitsui Chemicals America, inc.

Al formuiations are developed in accordance with the company's unique product methodology that enables effective and
efficient achigvement of praper caliper and composite formulation. Each different phenolic resin system was developed and
specified to achieve critical performance indices and is available at differant viscosities,

The foliowing tabie Hlustraies the depth of the MILEX family of modified phenclics.

Serles || Rasin Type

RN Acrylic Rubber Modified Resins
RS Silicone Rubbher Modified Resin

XL Phenot Aralkyt Resins

RX tesz Siicone Rubber than that of
RS

The key to the high value of Mitsui Chemicals' phenolic resin lies in the technical expertise of Mitsui Chemicais, which is evident
in the resin's curs, the adhestve manufacture and composite cure bonding process employed by the company. The company's
axpertise comes from its established customer relationships and frum vears of experience with thair respective applications and
aperating conditons,

New MILEX™ for the Premium After Market

Three new grades were recently developed o meet new demands of the Premiurn After Markel. These new grades can
contribute to the enhancement of brake performance in NVH, at a reasonable cost,

Product Overview & Properties Heat & Wear Resistarnos foldability & WMolding Condition

MILEX™ Phenotic Resin Automotive Applications

For the automotive industry, this has resulted in the development of phendic resin that provides predictable, stable and durable
perfomanice over the lifespan of a brake pad or disc application.

ML EX™ Phenotic Resin Electronic Applications

For the electronics industry, MILEX phenolic resin is featured in some of the most demanding applications and is used to
anhance the high heat resistance, moisture absorption and properly insulate electrical compounds in hostile environments.
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MILEX™ Phenolic Regin Characteristics

There is an underying se! of unique characteristics that each formulation of MILEX™ fhenolic Resin possasses, which
includes flexibility, strong heat resistance, low water absorption and good thermal shock resistance. All formutations of the resin
work well under hostite environments and are uniquely suited lo the requirements of the automolive and electronics industries.

RS/RN System Series

The RN series are novoisk type phenolic resins modified by special elastomers. This series consists of a
grauping of acrylic rubber modified resin in addition: tc the RS-2210ME grade, a silicon rubber modified resin.
This phenolic resin series is recognized wortdwide by the automotive industry for its thermal shock and chemical
resistant properties. In addition, this particular serias possassas anti-brake noise and vibratory qualities in brake
pad applications,

Some of the most demanding electrical applications choose phenofic resin dus o the material's high dislectic
strangth, superor insutation resistance and high femparaiure resistance. Typical applications include use as an
Epoxy Resin hardener for electronic materials such as encapsulation for LC., an adhesive with elastomers and o
improve the high heat resistance of thermoplastics.

Xi. System Series

The Kl serles is compased of pheaol aralky] resing, of which thers are three different grade levels, The XL line is
xnown for its stable fiction and abrasion, excallent heat and chemical resistance and anti-noise and wibratory
qualities,

in autorictive applications, this type of phenclic resin is used in Drake pads cus {o its stable friction and iow
abrasion. in elactdeal applications, the matedal i used as a moeiding compound that yvields excellent heat and
maoisture resistant slectrical nsuiation

RX System Saries

The RX series features one-grade level. The RX line is the company’s most flexible friction technalogy developed
to date. RX possesses the same characteristics and propertiss as AL, which ara stabie friction and abrasion,
heat and chamical resistance and anti-noise and vibratery qualfiies.

Car manufacturers reap the benefits of all these characteristics, which resull in a nigher performing braking system. The
material's flexibifity reduces vibratory lurch during braking, while its strong heat resistance yields good friction and lower wear
and tear. In addition, MILEX's thermal shock resistance facilitates the production of crackfree brake pads and discs and ensures
that they remain ¢rackiree for & fonger period over the life of the brake pads and discs.

Electrical component manufacturers are able to develop high performing eleclronics that can withstand high heat and moisture
with Mitsui Chemicals’ phenofic resin,
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MILEX™ Phenclic Resin Applications

Tne MILEX™ Phenofic Resin Family of products is widely featured in brake systems of aulomobhiles made by the top
automakers through Mitsul Chemicals' affiliation with |eading brake manufacturars,

Automotive Applications - Friction Materials for Brake Pad or Disc

The properties of MILEX resins yield superior brake pads that reduce noise, vibration and harshness (NVH). Al phenofic resin
formufations are developed in accordance with Mitsul Chemicals' unique product methodoiogy that enables effective and
efficient achievement of proper caliper and composite formulation, The advantage of incorporating the MILEX matedal into a
brake design is thal the phenolic resin aids in the provision of a non-abrasive vibratory sensation free surface finish, which is
very important in the performance of the brake system. Additionally, its superior performance at elevated temperatures and
excelient moldabikty:

akds in brake noise reduction

yields good friction

significantly lowers vibratory lurch
reduces syslem wear and tear

The bensefits ¢f this fiction material to OFMs |s shorer molding tme and costs due to faster curing, significant NVH reduction
and crack-free brake pads and discs. The phenolic resin is alse compatible with all brake pads especially NAD

Electronics, Adhesive and Additive for the improvement of Thermopiastics

MILEX is used as an Epoxy Resin hardener for slecironic malerisls such as encepsulation for 10, dus 1o s extelient
praperties, low waler absorption and fexibilty, The use of phenadiic resin protects electronic devices from an adverse
environmeni to increase and ensure device reliability to ingrease production yield.

In addition, the phenclic resin is used to improve heat resistance of thermoplastics and is used as an adhesive, espedially with
etastomers, to bond to metal.

View: Properliss of MILEX X1.C Seriss Chert
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WMILEX™ Phanolic Resin Properties

Tha faliewing charts provide insight into the genaral, practical and molding properties of the MILEX™ Phenoiic Resin family of
modified phenclics,
General Properties

Tables of grade formuiation of MILEX showing the generat praperties of the phenotic malerial.
Tabie 1: RSRN Serjes

Tabla 2 XL Sarfes
Tabie 3: BX Serios

Practical Properties

A table presenting the practicai properiies for ail #1LEX Phenolic Resin grade formuiations.
Tabls 4: Practical properties of MILEX

Heat Resistance

For a graphical depiction of the heat resistant properties of MILEX at 350°C in addition to infommation on the composition of the
moldings, press condition and post curing condition.

Tabte 5 Ratio of Weight Decrease
For a graphical depiction of MILEX cver 350°C in addition to the information on the curing and tesiing conditions.

Table 6: Resin
Phenotic Resin Molding Properties
For information on the molding frequency and amplitude angle of all formulations of MILEX resin.

Table T+ Curelastometer

Storage Modulus of Resin

For information on the storage melding and fest condifiens of phenolic resin, plaase view the chart below.

Table 8: Resins
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Froperties of MILEX XL.C Series

.
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Technical Dats

Properties of MILEY XLO {Typles Valus)

Froperties {resin] unit, fuka al 4,
softening Point C 78.0 J1.0 §3.0
OH eq Biey 176 175 156
ICI Yiscosityl 150°C) mPas 430 210 1186}
Free PhOH vt 0.06 0.08 (.04
YWater Content Wt G0z .02 0.02
Hot Water Extraction
pH — 5.3 5 i 5.1
Mot i mt 0.0 0.051 0.01
il e mi 0,03 0021 002
S04 2 gl ml 003 0.03] 001
Electric Conductivity U5 em 28] 2.8 3.0

Statement Content
The statemant content is based materials, data and mformstion curcentdy avaiabie
aerd mo guaravitee fs made with resard to conternt phyvsical propecties or harmiid

effects

Furtfrarmore, as handling precaution relate to normal handling, i cese of special
5

hapdling, safety meastres aporoociate to soplication and s method should be tafen
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Company "

Strast Address ”

City, State & Postal Code ™

Coundry ©*

MNama :*

Tite or Position *

Phone Number ;

Email Address ;*

How did you learn about this product?” leas
Search Engine
Chemicat Directory
Tradeshow
Magazine Ad
Company Referral

Additiona! Comments:®

Captcha "
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DISCLAIMER STATEMENT

tained in this broshurs is, to the best of  values obtained an the finished peadun: manufacturad by aue

aur knowledge, sncucata and relable. but o suggestions ars customers. Mothing herein shat ba construsd as parmission

made without warranly, either exgress or implied. Thevalues  or as recommendstion for uses whvah infringe vaid patants

refevent W properties or ghe ke of the produst statad here- o as exéending a lisensee undar vetid patents. Because the

in were obtained using laboratory et specimans prepared ong and mathods of use on the part of par zastomers
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Bilty inGurred in connection with she use of our products.
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MITSsU CHEMICALS, INC

MITSUI CHEMICALS, INC.
Mitsui Chemicals. Inc.

2-3 Kasumigaseki 3-chome, Chiyodaku
Tokya, Japarn

Tel: 03-35834484

Fax: 03-3582-4253

MITSUI CHEMICALS AMERICA, INC.
2500 Wastchaster fvenue, Suite #1110
Purchase, NY 10877

Tel 9142530777

Fax: 814-253-0780

MITSUI CHEMICALS EURCGPE GmbH
Dstrasse 10

40211 Dusseldorf, Germany

Tel: 211-173320 . - \x\w\
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Pursuing chemistry's unfimited potential for precious earth
end besutiful futurs...

The chemica

ustey has muth e contribute to the futura, ag i cantinues adding to matarial wesl
man wei peing by providing technologies and materials to industeies of avery kind.

Mitsul Chemicals, Inc. aspires to become & diversified chemical company with a strong campetitive position in
the glokal market By appiying b2 techrical and chamica! expartise. As & nursues chemistey's beundless poten
Mitsui Shemicals, Tac. is cantributing broadiy to society through innovations and crestinns of matar

is amd products,

Mitsui Shemicalz, [ne., ane of the largest chemicel companies in Japan, is also the third largest giobs! producer
of phenal, the raw matesia! for producing phanslie resina. The Campany hegan offering the first farmutation of its high
EX™* In 1980 and sver the last two decadss has uilt a complete
phenofc resin line by lsveraging its expsrtise and sxperience in the brake system marketpiace. Mitsui She

is a top ranked produce:

s, ing.
Japan and Asia.

i Chemicals, which is svidant, |

axpertise of Mits
g process employed by the Company. The
its castomers and from years of

ce and expertise has resuited

respective appiications and operating conditions, This expar
the development of a matari

that provides predictable, stable end durable performance over the design lifs of a

rubber madified resias, and RX saries.

fermuiations are develooed in socordance with the Company's uni

affective and afficient achievement of praper caliper srd compnsite formuiation. The advantage of incorparating the

excelient moidahiity
iowers vibegtory

~ch and system wear and Lear

grade formuiations. Additiona!
: or alkernat
Teukdemota, the LS. represantative for the MILEX™ Family of resins
and of this handbaokl. For information on Mitsui Shemicals Am

iy you can contact Mr. Hiroshi
sentact infermation avaiiable ab the

irectly

ca, ., please visy the Company's website at

“Mitsuf Charicals, Inc. adepted the MILEX™ trade neme in 1879 specifically for the phenolic resin tse it guto brake pads,

MILEX” PHENOUCS

Hiroshi Tsukuemota
Dirarros
Pesfarmanca Potpners Srep

Tel: 914 251-4238 Fax 914 2530780
Email: h tsukusmota@missuichem.com

Mitte Chemicals Americs, Inc



DIFFERENCE between MILEX and IMILEX

(1) MILEX™ (special phenolic polymer resin)

Base resins: novolac type phenolic resins or its modification
OH ( OH \ OH

> N N

i/\CHQ I’//quHz -

Then base resins are cross-linked by curing agents.

MILEX is used as binder resin for molding compound, including organic & inorganic fiber, filler
and particle,

MILEX has higher heat-resistance, flexibility , moldability than straight novolac.

Usage of MILEX :
Automotive brake pad binder, epoxy hardner for IC encapsulation, molding compound binder,
photo-resist binder



(2) IMILEX™ (representative derivatives of Maleic Anhydride)

IMILEX-P : Imidation with Aniline

N ,f Cothl:

N o /) > CAS Ho.341-65-5
g Whwe=173.16
-0
IMILEX-C : Imidation with Cyclohexylamine

\{% Skl
TAS N M 5-G
f Rliy=179

IMILEX  is monomer , which readily undergoes homopolymerization and copolymerization
with many kinds of viny] monomers.

IMILEX  is chemical agent , which has reactivity and unique properties such as radical
polymerization, ion polymerization, photosensitivity and bacteriostasis.

Usage of IMILEX :

Modification co-monomer of various resins for high HDT

Intermediate for pharmaceuticals and agricultural chemicals

Bactericides, Fungicides

Additive agent in coating , adhesives , virlcanization of rubber , photosensitive resins and
insulating varnishes



