Introduction

The purpose of this book is to improve understanding of the chemical nature of the
global rubber industry in a context of commercial and political forces. These forces
have often resulted in higher prices and periodic shortages in the supply of raw
materials and intermediates necessary for the continued production of rubber
products. Both the 20th and 21st centuries have witnessed numerous raw material
shortages that have seriously impacted the global rubber industry. In all probability,
these shortages and disruptions will continue for the foreseeable future.

The rubber industry today is based on the mixing of batches of rubber compounds.
This industry is basically a batch industry where raw rubber(s), filler(s), and other
compounding ingredient(s) are mixed together using either a two-roll mill or an
internal mixer to prepare batches of rubber compounds (Figure 1.1). These uncured
batches are further processed “downstream” through capital-intensive processes
involving extruders, calenders, injection-molding machines, continuous vulcaniza-
tion units, and curing presses. The continuity of these processes relies on a consist-
ent, steady supply of rubber compounding ingredients and base polymers (natural
and synthetic rubbers); see Figure 1.2 for how these topics are arranged in this
book.

Base Polymer(s) > . Mixed Rubber
RubFE)er Mixing | Compounds for
Compounding Ingredients — rocess Making Rubber

Products

Figure 1.1 Rubber mixing process

There are three types of material shortages that have occurred and can occur in the
rubber industry. These three types of shortages or material disruptions are as fol-
lows:

1. Shortage or supply disruptions in base materials from earth extraction or agri-
culture.
2. Shortage or supply disruptions in chemical intermediates.

3. Shortage or supply disruptions in supply of compounding ingredients or base
polymers (rubbers).
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Figure 1.2 Organization of this book

Examples of shortages of extracted base materials from the earth were seen with
the oil embargo of 1973 and extraction of cobalt ore in the 1980s. Shortages of the
monomer styrene or butadiene needed for the polymerization of styrene butadiene
rubber (SBR) are examples of chemical intermediate shortages in the 1980s and the
last decade as well. Examples of rubber compounding ingredient or finished base
polymer shortages are seen when the United States was cut off from its sources of
natural rubber supply during World War II, shortages of zinc oxide and titanium
dioxide in the 1970s and 1980s, as well as shortages of various raw elastomers in
the recent past.

B 1.1 Rubber Industry’s Place in the
World Economy

The worldwide rubber industry totaled about $220 billion in 2010, which is about
one-quarter of one percent of the world GDP. About two-thirds of the rubber indus-
try is tire related with one-third being non-tire related.

B 1.2 The Structure of the Tire Industry

There are over 70 active tire manufacturers in the world (Table 1.1). In 2012, the big
three tire companies (Bridgestone, Goodyear, and Michelin) represented about 46%
of all tire sales. Bridgestone, Michelin, Goodyear, and Continental represented about
50% in 2010 of all tire sales. If Pirelli, Sumitomo, Yokohama, Hankook, Cooper Tire,
Cheng Shin, Hangzhou Zhongce, Kumho Tire, Toyo Tire and Triangle are added as
well, these top 14 firms represent a total of 75% of world tire manufacturing.
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Table 1.1 Seventy Tire Manufacturers in Approximately Descending Order by Size

Tire Company

Headquarters Location

Bridgestone Corp.

Michelin

Goodyear Tire and Rubber Co.
Continental AG

Pirelli SpA

Sumitomo Rubber Industries Ltd.
Hankook Tire Co. Ltd.

Cooper Tire and Rubber Co.
Kumho Tire Co.

Toyo Tire and Rubber Co.
Cheng Shin

Giti Tire Co.

Triangle Group Co.

MRF Ltd.

Noklan Tyres PLC
Sibur-Russkie Shiny

Apollo Tyres Ltd.

Shanghai Tyre and Rubber Co. Ltd.

Amtel-Vredestein N. V.

J.K. Industries Ltd.

Hangzhou Zhongce Rubber Co.
Shandong Chengshan Tire Co.
Nexen Tire Corp.

Ceat Ltd.

Nizhnekamskshina

Aeolus Tyre Co.
BRISA/Bridgestone Sabanci Tire
P.T. Gajah Tunggal

GPX International Tire Corp.
Qingdao Doublestar Industrial Co.
Kenda Rubber Industrial Co.
Matador AS

Trelleborg AB

Carlisle Companies, Inc.

South China Tire and Rubber Co.
Nankang Rubber Tire Corp.

JSC Belshina Belarus Tyre Works

Dunlop Tyres International Pty. Ltd.

Tokyo, Japan
Clermont-Ferrand, France
Akron, OH, USA
Hanover, Germany
Milan, Italy

Kobe, Japan

Seoul, South Korea
Findlay, OH, USA
Seoul, South Korea
Osaka, Japan
Yuanlin, Taiwan
Singapore/China
Shandong, China
Chennai, India
Nokia, Finland
Moscow, Russia
Kerala, India
Shanghai, China
Moscow, Russia
New Delhi, India
Hangzhou, China
Chengshan, China
Seoul, South Korea
Mumbai, India
Nizhnekamsk, Russia
Jiaozuo, China

Izmit, Turkey
Jakarta, Indonesia
Malden, MA, USA
Qingdao, China
Yuanlin, Taiwan
Puchov, Slovakia
Trelleborg, Sweden
Charlotte, NC, USA
Cuangzhou City, China
Taipei, Taiwan
Bobruisk, Belarus
Durban, South Africa
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Table 1.1 Seventy Tire Manufacturers in Approximately Descending Order by Size (continuation)

Tire Company

Headquarters Location

Marangoni, S.p.A.

FATE S.A.1.C.1.

Hwa Fong Rubber Ind. Co. Ltd.

CGS Ceske Gumarenska Spol.

GTY Tire Co.

Federal Corp.

Alliance Tire Co.

Cia. Hulera Tornel S.A. de C. V.
Inoue Rubber Co.

Kerman Tire and Rubber Co.

JSC Dneproshina

Vredestein NV

Balkrishna Industries Ltd.

Loadsar Pvt. Ltd./Solideal Co.
Guangzhou Pearl River Rubber Tyre
Denman Tire Corp.

Dena Tire and Rubber Mfg. Co. Ltd.
Beijing Shouchuang Tyres Co.

Metro Tyres Ltd.

Qingdao Yellow Sea Rubber Co., Ltd.
Shandong Zhongce Tyre Co.
Silverstone Corp.

Double Happiness Tyre Industries
Liaoning Tyres Group Co.

Xuzhou Tyre Group

Casumina (Southern Rubber Industry)
TVS Srchakra Ltd.

Specialty Tires of America

Societe Tunisienne des Pneumatiques
J.V. Matador-Omskshina

General Tyre and Rubber Co. of Pakistan, Ltd.
Falcon Tyres Ltd.

Verona, ltaly

San Fernando, Argentina
Taipei, Taiwan

Prague, Czech Republic
Mount Vernon, IL, USA
Tao Yuan, Taiwan
Hadera, Israel

Mexico City, Mexico
Ikeda, Japan

Tehran, Iran
Dnepropetrovsk, Ukraine
Enschede, Netherlands
Maharashtra, India
Colombo, Sri Lanka
Guangzhou, China
Leavittsburg, OH, USA
Tehran, Iran

Beijing, China
Ludhiana, India
Qingdao, China
Shouguang City, China
Kuala Lumpur, Malaysia
Taiyuan, China
Liaoning, China
Xuzhou, Jiangsu, China
Ho Chi Minh City, Vietnam
Chennai, India

Indiana, PA, USA
Sousse, Tunisia

Omsk, Russia

Karachi, Pakistan

Mysore, India

The tire industry sales consist of about 60% passenger tires and 30% truck and bus
tires, with the remaining 10% represented by farm service, aircraft, motorcycle,
bicycle, and earth-moving tires (also called off-the-road or OTR tires).

The world tire industry produced over 1 billion tires of all types in 2010. By the
numbers of tires (not sales figures), about 80% of all tires are passenger tires. There
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are about eight passenger tires made for every truck tire produced. According to the
Rubber Manufacturers Association (RMA), a typical passenger tire weighs about
25 pounds and contains about 3.5 pounds of natural rubber, about 6.8 pounds of
synthetic rubber, 7 pounds of carbon black, and 3.7 pounds of steel tire cord and
bead wire. Likewise, the typical truck tire weighs about 120 pounds and contains
about 32.4 pounds of natural rubber, 17 pounds of synthetic rubber, 33.5 pounds of
carbon black, and 17.4 pounds of steel tire cord and bead wire.

B 1.3 The Structure of the Nontire Industry

There are numerous nontire rubber fabricators in the world today (Table 1.2). A far
larger number of different rubber fabrication plants exist for the nontire than for the
tire sector. The economies of scale are different for tire manufacturing compared to
fabrication of rubber articles and products for the nontire sector. Achieving effective
economies of scale for a tire plant requires a certain minimal size of perhaps 25,000
tires per day. On the other hand, the minimal capital and size requirements for pro-
duction plants in the nontire sector are considerably less. Therefore, the nontire
sector is populated with a larger number of production plants, representing a
broader mix of large, medium, and small plants.

Table 1.2 Some of the Largest Nontire Rubber Companies in the World in Approximate
Descending Order of Their Annual Sales of Nontire Rubber Products

Company Country of Origin
Continental AG Germany
Hutchinson France
Bridgestone Corp. Japan
Freudenberg Group Germany
Trelleborg Sweden

Tokai Rubber Industries Japan

Tomkins PLC United Kingdom
Cooper Standard Automotive USA

Parker Hannifin Corp. USA

NOK Inc. Japan

New Balance Athletic Shoe USA

Veyance Technologies USA

Mark IV Industries USA
Federal-Mogul Corp. USA

Eaton Corp. USA
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Table 1.2 Some of the Largest Nontire Rubber Companies in the World in Approximate
Descending Order of Their Annual Sales of Nontire Rubber Products (continuation)

Company Country of Origin
Wolverine World Wide USA
Carlisle Companies USA
Metzeler Automotive Profile Systems Germany
Yokohama Rubber Co. Japan
Ansell Ltd. Australia
Toyo Tire and Rubber Co. Japan
Semperit AG Austria
Fenner PLC United Kingdom
Dana Corp. USA
Bando Chemicals Industries Japan

ZF Boge Elastmetall Germany
Sumitomo Rubber Industries Japan
SKF AB Sweden
West Pharmaceutical Services USA
WOCO Industrietechnik Germany
ElringKlinger AG Germany
Kinugawa Rubber Co. Japan
Cardinal Health USA
Veritas AG Germany
Saar Gummi Group Germany
Zodiac SA France
Fukoku Co. Japan

Avon Rubber p.l.c.
Mitsuboshi Belting Ltd.
Nishikawa Rubber Co.
SSL International PLC
Okamoto Industries

Lord Corp.

United Kingdom
Japan
Japan
United Kingdom
Japan
USA

The top four nontire companies are Freudenberg, Hutchinson, Bridgestone, and
Continental, each with about three billion dollars in annual sales. Therefore, in
2010 these top four firms represented at least one-fifth of the entire nontire rubber
industry.

This nontire rubber industry is about 38% dependent on the automotive industry,
32% industrial, 12% construction, 12% aerospace and other transportation, and 6%
other application areas.
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B 1.4 Sectors of the Nontire Rubber Industry

The major sectors of the nontire industry include the following:

= Hoses

= Conveyor belts

* Transmission belts

= Seals and gaskets

= Blowout preventers

= Single-ply roofing

* Bushings and motor mounts
= Molded rubber goods

* Tank lining

= Wire and cable insulation
= Shoe heels and soles

= Sponge rubber

= Weatherstripping

= Latex products

= Rubber rollers

= Rubber tiles

* Rubber bands

1.4.1 The rubber hose industry is one of the two largest segments of nontire rubber
fabricators. Worldwide, the hose industry had about $6 billion dollars in total sales
in 2010. Automotive and industrial are two very large market areas for hose. Some
hose processes, for machine-made and hand-built hose, are very labor intensive.
Processes for braided and spiral hose are less labor intensive. Hoses constructed in
the factory are commonly cured in autoclaves.

1.4.2 The belt segment is approximately the same size as the hose segment, $6 bil-
lion dollars worldwide in 2010. Conveyor belts (or large belts) are used as an effi-
cient conveyance system for ores and mineral deposits for both surface and under-
ground mining. Power transmission belts are used extensively in the automotive
and industrial equipment markets. Light belts are used in such applications as food
cafeterias.

1.4.3 Seals and gaskets are another multibillion dollar industry. Modern machinery
requires many seals and gaskets, which are used everywhere in industry. There are
static seals such as traditional O-rings and gaskets. Also, there are dynamic seals
used under reciprocating conditions such as radial lip seals. Dynamic seals are also
used under rotary conditions. These rotary seals can be either contacting or noncon-
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tacting. Contacting rotary, dynamic seals are represented by radial shaft seals, axial
slingers, mechanical face seals, and packings. Noncontacting, rotary, dynamic seals
are represented by viscoseals, fluid seals, labyrinths, and bushings. Seals are usu-
ally manufactured by either injection or compression molding.

1.4.4 Blowout preventers and packers are adjustable sealing devices made of rubber
and metal that are used extensively in oil drilling operations (called “downhole”).
These devices are relatively large and critical to successful oil exploration and pro-
duction. Because of the increasing need for more oil, this market has been growing
significantly. About 5% of the available nitrile rubber goes into BOP (blowout preven-
ter) production. Significant quantities of fluoroelastomers, HNBR and XNBR, are
also used in this area. Much of the manufacture of these devices is carried out in the
states of Texas and California.

1.4.5 Single-ply roofing is one of the largest single uses for EPDM rubber. It is the
preferred roofing material for most commercial buildings, especially in the United
States. Warranties are very important in this market. These roofing materials must
function as an effective barrier for many years.

1.4.6 Bushings and motor mounts are components used in virtually all motorized
vehicles. Here dynamic performance is critical. Rubber is compounded to impart
specific, targeted dynamic property characteristics to these components. Rubber
compounds in these components can be formulated to function as “isolators,” which
pass mechanical energy through the component with only a minimal amount of heat
generation. Or, rubber compounds can be formulated as “dampers,” which deliber-
ately absorb energy being passed through the component and dissipate that energy
as heat. Dynamic targets are set up for the quality assurance of these products, so
they can function in the field as they were designed. Usually, injection or compres-
sion molding is used to manufacture these rubber-metal components.

1.4.7 Besides seals and dynamic rubber components (bushings and motor mounts),
other molded rubber goods represent a sizable market. Products are manufactured
through compression molding or the more productive injection molding. Also, liquid
injection molding (LIM) has been gaining a larger market share. In fact, many
molded rubber goods for the medical industry are made from liquid silicone rubber
(LSR) through LIM. Some other common examples of molded rubber goods include
bumpers, grommets, end stops, buffers, diaphragms, and bellows (cylindrical
extendable vessels).

1.4.8 Tank lining is a relatively small market where rubber is specially formulated
and cured to make an effective barrier to contain various liquids for transportation
and storage. Worldwide, there are just a few rubber fabricators serving this market.
Rubber lining is also used as a wear layer, protecting steel pipe from highly abrasive
mining slurry.



Specialty Elastomers

Unlike the general-purpose elastomers just discussed, specialty elastomers have
lower volumes of use. Except for butyl and halobutyl rubbers, most of the rubbers in
this group have some degree of oil resistance. On the other hand, butyl and halobutyl
rubbers possess good aging resistance properties.

The following specialty elastomers in Table 4.1 are discussed in this chapter.

Table 4.1 Speciality Elastomers

Name

Official ASTM Abbreviation

Alternate Name

Butyl Rubber
Halobutyl Rubber

Isobutylenepara-methyl Styrene Rubber
Acrylonitrile Butadiene Rubber

Hydrogenated Acrylonitrile Butadiene
Rubber

Curable PVC/NBR Polyblends
Acrylic Rubber

Polychloroprene

Chlorinated Polyethylene Rubber
Chlorosulfonated Polyethylene
Epichlorohydrin Rubber

Ethylene Acrylic Elastomer
Ethylene Vinyl Acetate
Fluoroelastomers
Perfluoroelastomer

Silicone Rubber

IR
BIIR, CIIR

BIMSM
NBR
HNBR

None

ACM

CR

CM

CSM

CO, ECO
AEM

EVM

FKM, FEPM
FFKM

MQ, PMQ, PVYMQ, VMQ,
FMQ, FYMQ

Chlorobutyl Rubber,
Bromobutyl Rubber

BIMS
Nitrile Rubber

Hydrogenated Nitrile
Rubber

Polyacrylate Rubber
Neoprene
CPE

Chlorohydrin Rubber

EVA

Fluorocarbon Elastomer

Perfluorocarbon Elastomer

Reference: ASTM D1418; ASTM D2000

The following discussion gives a classification of these specialty elastomers based
on their relative oil vs. heat resistance, in accordance with ASTM D2000 testing

(Figure 4.1).
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Figure 4.1 Classifying specialty elastomers by ASTM D2000

Except for butyl and halobutyl, these specialty elastomers are largely used in the
nontire sector of the rubber industry. They typically provide differing degrees of
heat aging and oil resistance.

B 4.1 Butyl Rubber

Butyl rubber is a copolymer of isobutylene and isoprene. It is a product of research
carried out in both Germany and the United States in the 1930s.

Polyisobutylene rubber (IM) was a precursor to butyl rubber, which was first devel-
oped in Germany. However, this polymer had no unsaturation; it could not be cured
with a sulfur-based system. In 1937 Standard Oil (now ExxonMobil) developed the
copolymer version that is used today in high volume. A small amount of isoprene
provides the unsaturation that enables conventional curing with sulfur or other
crosslinkers.

The world productive capacity for butyl rubber (and its related “cousin” halobutyl) is
about 2 billion pounds annually from over 12 production plants scattered around
the world. This volume represents 7% of the world production of synthetic elasto-
mers. It is the fifth largest volume rubber used today and the highest volume spe-
cialty elastomer. In fact, the consumption of butyl rubber is comparable in volume to
that of the general-purpose elastomers discussed earlier.
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ExxonMobil and Lanxess together have about 80% of the world capacity, with Exxon-
Mobil possessing the larger market share in 2010. The demand for butyl grows
about 1.5% annually. Some new capacity has been created in China and Singapore.
However, because of the specialized nature of butyl rubber’s manufacture, it is diffi-
cult for other companies to quickly acquire the “know-how” to break into this market.

While there are butyl rubber plants around the world, there appears to be a dispro-
portionately high level of capacity in North America. However, because of the rela-
tively higher prices for butyl rubber compared to general-purpose elastomers, the
shipment costs are only a small fraction of the total costs. Therefore, a significant
quantity of butyl rubber is exported from North America to many other countries
worldwide.

Butyl rubber (Figure 4.2 ) is made from a cationic vinyl polymerization of isobu-
tylene, with a relatively smaller quantity of isoprene, carried out at very low tem-
peratures (to prevent the reaction from proceeding too quickly and getting out of
control). This polymerization reaction is very exothermic.

GHs G AICI,
50 (f\'=CI-|2 +  CH=C-CH=CH, Dry methyl chloride
CH Exothermic
3 Cationic
Isobutylene Isoprene Polymerization
@ -100°C
(|3H3 (.|7H3
+C—CH4—[CH2—C=CH—CH2]7
|
CH, 50

Butyl Rubber (Isobutylene-Isoprene Rubber)
Zinc stearate is used as an anti-coagulant

Figure 4.2 Butyl rubber synthesis

Synonyms
IR
Butyl rubber

Feedstock Dependency
Isobutylene is obtained from fractionation of refinery gases see Figure 4.3.

Refinery L Figure 4.3
——| Fractionation ——> Isobutylene  The fractionation of refinery gases to obtain

Gases )
isobutylene
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Isoprene can be obtained from three different processes shown in Figure 4.4.

Process 1
Petroleum (|3H3
Cracking CH,=C-CH=CH,
Process
Isoprene (byproduct)
Process 2 ?H3
2CH, = CH - CH,4 CH,=C-CH=CH, +CH,
Propylene Isoprene
Process 3
T s
CH; — C = C — CH, ——r00eM800 oy = C— CH = CH, + H,
Amylene Isoprene

Figure 4.4 Three processes for obtaining isoprene

Standard Classifications

There is no official standard classification for butyl rubber. These elastomers are
classified usually by their Mooney viscosity (ASTM D1646), and the mole percent
unsaturation (which is proportional to the amount of the second monomer (iso-
prene) is generally not greater than 3%. Higher mole percent unsaturation will
increase the cure rate but can hurt the ozone resistance imparted to the cured rub-

ber compound.

Some Producers

ExxonMobil

Lanxess

Japan Butyl Co. (JSR/ExxonMobil)
JSR (Japan)
Nizhnekamskneftekhim (Russia)
Socabu (ExxonMobil) (France)
Sibur (Russia)

Reliance Industries (India)
Sinopec (China)

Zhejiang Cenway New Synthetic (China)
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Why Used in Rubber Industry

The major reason that butyl rubber is used in the tire industry is its superior resist-
ance to air permeability, as well as other gases. Butyl has approximately 13 times
greater resistance to air permeability than natural rubber. This makes it ideal for
use in making tire innerliners and inner tubes. While some polar specialty elasto-
mers can also provide good air permeability resistance, they are far more expensive
and generally do not possess the right combination of other needed properties.

Butyl rubber, because of its chemical structure, imparts high damping properties in
dynamic applications where energy absorption is needed in automotive and other
applications. In addition, certain grades of butyl are used in medical applications.

Alternate Nonrubber Uses

Butyl is also used in the manufacture of sealants and caulking materials. Special
FDA-approved grades of butyl rubber are used in chewing gum.

Substitutability and Technical Alternatives

Because of butyl rubber’s unique resistance to air permeability, its use is very
important. It is very difficult to substitute with another elastomer, especially when
those elastomers cost more.

Tight Supply Situations in the Past and Future Supply Outlook

There have been tight supply situations for butyl and halobutyl in the past. The
demand for regular butyl rubber is decreasing in developed countries because it is
chiefly used in tire inner tubes, which are in declining use in developed economies.
(The innerlining of tires today uses halobutyl rubber, which will be discussed next.)
Because of this decline in use of tire inner tubes, ExxonMobil will be eliminating its
production of regular butyl but increasing production of bromobutyl at its Baytown,
Texas, plant. Also, Lanxess has announced a similar increase in production of
halobutyl rubber at its Sarnia, Canada, plant and built a new plant in Singapore.

B 4.2 Halobutyl Rubber

The halogenated form of butyl rubber, which was developed in the 1950s, has replaced
a significant amount of regular butyl consumption over the last few decades. It is the
only form of butyl that can be used in tubeless tire innerliners, which now represents
over 60% of all forms of butyl rubber use. Halobutyl rubber has partially replaced the
use of regular butyl because it is compatible in blends with general-purpose elasto-
mers such as natural rubber. Since zinc oxide is a vulcanizing agent for halobutyl

69




70 4 Specialty Elastomers

rubber, it can be covulcanized with general-purpose elastomers as well. This was not
possible with regular butyl rubber, which cannot be cocured. Also, halobutyl imparts
adhesion to general-purpose elastomers where regular butyl rubber does not.

There are two variants of halobutyl: chlorobutyl and bromobutyl rubbers see Figures
4.5 and 4.6, respectively. These halobutyl rubbers are made directly from regular
butyl rubber.

CH, CHy §
exane
50 C CH2 + CH2 C CH= CH2+ CI2 Calcium Stearate
CH3 (stabilizer to prevent
dehydrohalogenation)
Isobutylene Isoprene Chlorine
CH CH,
20% ~E (ID—CHJ—[CHZ—CI)—CH=CH ]— + HCI
CH, % Cl
CH,
0%‘EC CHHCHQ—C CH- CH*]7+ HCI
CH,

| | | | I
CH, % cl
3

Chlorobutyl Rubber (CIIR)
Figure 4.5 The process for chlorobutyl rubber (CIIR)

?Hs C|3H3

‘E C—CHH CHZ—C=CH—CH2]~+ Br, Hexane
! 50 >
CH,

Butyl Rubber

*EC—CH;]—ECHBr—CH CH- CH2]7+HBF

Bromobutyl rubber

C|3H3 IC|)H2
+CI:-CH2]—[CH2—C-CI;H—CH2]— + HBr
CH, 50 Br

Figure 4.6 The process for bromobutyl rubber (BIIR)
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Bromobutyl rubber is a little more expensive to produce than chlorobutyl rubber;
however, it will sometimes give better adhesion than chlorobutyl rubber to other elas-
tomer-based compounds. Also, bromobutyl rubber cures a little faster than chlorobu-
tyl. However, bromobutyl rubber may also have a greater tendency than chlorobutyl
rubber to impart scorch problems to a compound during processing.

Synonyms
Chlorobutyl rubber
CIIR

Bromobutyl rubber
BIIR

XIIR

HIIR

Feedstock Dependency

With chloro- and bromobutyl rubbers, regular butyl rubber is considered a “raw
material” that is being halogenated with either chlorine or bromine from the follow-
ing sources, see Figure 4.7.

2NaCl + 2H,0 Electolysis .- 9NaOH + H,l + Cl,}

Sodium Sodium ,
Chloridt_a Hydroxide Hydrogen Chlorine
from Brine

Figure 4.7 The preparation of chlorine for the chlorination of butyl rubber

Bromine can be obtained by a simple substitution reaction of sodium bromide with
elemental chlorine shown in Figure 4.8.

2NaBr + Cl, ——  2NaCl + Br,|

Sodium Chlorine Bromine
Bromide

(in Brine)
2KBr + Cl, —>  2KClI + Br,]

Potas_sium Chlorine i
Bromide Bromine
(in Brine)

Figure 4.8 Elemental chlorine reacts with sodium bromide and yields bromine
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Standard Classifications

Just as with regular butyl rubber, there is no official classification system for halobu-
tyl rubber. However, these polymers are commonly classified by their Mooney vis-
cosity value (ASTM D1646), and amount and type of halogenation and unsaturation.

Some Producers

ExxonMobil

Lanxess

JSR (Japan)

Chinopec (China)

SIBUR (Russia)

Zhejiang Cenway New Synthetic (China)

Why Used in Rubber Industry

Halobutyl rubber is used mostly to make the innerliner compound for today’s mod-
ern tubeless tires. This is because halobutyl rubber is compatible with general-pur-
pose rubbers, can be covulcanized with them, and can impart good adhesion to
them. Virtually all tubeless tire innerliners use halobutyl rubber.

Alternate Nonrubber Uses

There are not as many nonrubber applications for halobutyl rubber as there are for
regular butyl rubber.

Substitutability and Technical Alternatives

The technical alternatives to halobutyl rubber in tire innerliner applications are
very poor, in the short term. However, with the development of new innerliner com-
pounds based on BIMS (see below), a substitution could be achieved long term with
much development work.

A new BIMS/nylon thermoplastic vulcanizate innerliner is being investigated for
possible use as a tire innerliner.

Tight Supply Situations in the Past and Future Supply Outlook

There have been tight supply situations and even customer allocations of halobutyl
rubber that from time to time have limited its availability. Sometimes, the problem
has been limited productive capacity. Sometimes, the problem has been a shortage of
isobutylene feedstock. These problems should be alleviated somewhat with announced
capacity improvements by ExxonMobil and Lanxess. ExxonMobil announced that it
has increased its productive capacity for halobutyl rubber at its Baytown, TX, plant,
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and its joint venture in Japan has been expanded. Lanxess has increased the halobutyl
rubber capacity at its plants in Sarnia, Canada, and Singapore.

B 4.3 Brominated Copolymer of Isobutylene
and para-Methylstyrene (BIMSM)

Brominated copolymer of isobutylene and para-methylstyrene (BIMS) is the latest
new class of synthetic rubber that has been developed for the rubber industry. The
sole producer of this new class of elastomer is ExxonMobil, which commercialized it
successfully under the trade name Exxpro in the first decade of this new century.
The advantage of this new polymer class vs. bromobutyl rubber is that this new
elastomer possesses a completely saturated backbone and possesses more reactive
benzylic bromine functionality than the bromine sites on the conventional bromo-
butyl backbone. This means that BIMS reportedly gives superior performance in
service vs. BIIR. This superiority is shown as better high-temperature resistance,
better aging stability than either BIIR or EPDM, better weathering resistance, and
better ozone resistance. Also, BIMS provides the potential of imparting superior air
permeability resistance.

This new commercial rubber is produced from the carefully controlled bromination
of the copolymer of isobutylene and para-methylstyrene, which forms a terpolymer
as shown in Figure 4.9.

e
9H3 CH
X C=CH, + Y + B, —>
CH, CH,
Isobutylene

para-Methylstyrene

CH;§
_[CHz CHHC CH; CH2—CHi7 + HBr
(J" o
CH;, BIMSM CH,Br

WhereY =27, + Z,

Figure 4.9 Copolymerization of isobutylene and para-methylstyrene to give BIMSM
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The quantity of para-methylstyrene (PMS) used in this polymerization is small rela-
tive to the isobutylene (maybe only 2 to 20 weight percent PMS depending on the
grade) while the bromine is even less, perhaps 0.2 to 3 mole percent. The ratio of
feedstocks has a great influence on the performance of the BIMSM in rubber com-
pounding.

Synonyms
BIMS

BIMSM (official ASTM abbreviation where all rubbers with saturated backbones
must end the abbreviation with M)

Feedstock Dependency

The production of BIMSM depends on the availability of bromine, isobutylene, and
paramethylstyrene, as shown in Figure 4.10 through Figure 4.12.

2NaBr + Cl, 2NaCl + Br,]
SOdium Chlorine Bromine
Bromide
(in Brine)
2KBr + Cl, 2KCl + Br,|
i Figure 4.10
Potassium ; ; g
Bromide Chlorine Bromine Optional paths to synthesis
(in Brine) of bromine

Refinery____ ; i —> |sobutylene i
Gases Fractionation Yy Figure 4.11

The manufacture of isobutylene

CH,
CH, . CH,
H ZSM-5
@ + HC = CH — G 7ed Alkylation
(Zeolite)
CH;
Toluene Ethylene p-Methylethylbenzene
i
Dehydrogenation CH
+ H,
CH,

para-Methylstyrene

Figure 4.12 Derivation of para-methylstyrene
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Standard Classifications

There is no formally accepted method of classifying the different grades of BIMSM.
However, an informal classification could be based on the amounts of para-methyl-
styrene and the level of bromination that determines the different grades of BIMSM.

Some Producers
ExxonMobil Chemical Company

Why Used in Rubber Industry

BIMSM may be used instead of halobutyl rubber because it possesses a saturated
backbone that imparts a heat aging resistance superior to XIIR. Also, tires can be
constructed with a BIMSM-based innerliner that will hold air longer than conven-
tional innerliners based on XIIR.

Alternate Nonrubber Uses

Unknown

Substitutability and Technical Alternatives

Of course, before BIMSM was invented, XIIR (halobutyl rubber) was (and still is)
extensively used for tire innerliners. If there were a shortage of BIMSM, the tire
industry should be able to return to XIIR-based innerliners.

ExxonMobil in 2005 announced that it was increasing its productive capacity for
manufacturing BIMS. How successful BIMS will be at partially replacing XIIR is cur-
rently being determined. The use of BIMS to make an “alloy” TPV with nylon may
actually have a better chance at replacing traditional XIIR innerliners through a new
blow molding process. Also, BIMS is being considered for medical applications.

B 4.4 Nitrile Rubber

Nitrile rubber is a copolymer of acrylonitrile and butadiene (BD) with the standard
abbreviation of NBR. NBR is produced by emulsion polymerization, and it dates
back to the 1940s. The emulsion polymerization process developed for NBR is some-
what similar to the emulsion process developed for SBR in the same time period.

As a specialty elastomer, a rather large quantity of nitrile rubber is consumed.
About one billion pounds of NBR are manufactured in the world each year, almost
4% of the total production of synthetic elastomers. The reason for its relatively large
worldwide use is simply that this polymer is a relatively inexpensive rubber for use
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whenever good oil resistance is needed, for example in hose applications, belting,
“under the hood” automotive applications, and “downhole” oil drilling applications.

The chemical process for manufacturing NBR is shown in Figure 4.13.

HH Emulsion
| | Polymerization
m CH,=CHCH=CH, + n(|3=(|3 >
H C=N
Butadiene Acrylonitrile

—H(CH,~CH=CH-CH,)7—CH,~CH)4-

=N
¢ Figure 4.13
Acrylonitrile butadiene rubber (NBR) Chemical process for nitrile
(a randomly repeating copolymer) rubber (NBR)

Synonyms

Nitrile rubber

Acrylonitrile butadiene rubber
NBR

Buna N

Paracril

Nitrile butadiene rubber

Feedstock Dependency

The basic feedstocks for NBR are shown in Figures 4.14 and 4.15. For acrylonitrile,
propylene can be reacted with ammonia to produce acrylonitrile (ACN).

H
2CH;—CH=CH, + 2 NH; + 302—>Oxygen 2H,C=C-C=N + 6H,0
Catalyst 2
Propylene Ammonia Acrylonitrile

Figure 4.14 Production of acrylonitrile (ACN)

Butadiene, on the other hand, is derived as shown in Figure 4.15.

CH;CH,CH,CH; o 5 CH,=CH-CH=CH, + 2H,

ydrogenation

Butane Butadiene

Figure 4.15 Derivation of butadiene (BD)



4.4 Nitrile Rubber

Today more butadiene is produced from butene (another C4) through steam crack-
ing of naphtha gas oil as a byproduct from ethylene/propylene production. Through
extractive distillation of this C4 cracker stream, butadiene is obtained. Commonly,
the yield achieved for BD is dependent on the quality of the feedstocks used for
ethylene production. Usually, the heavier the feedstock, the greater the BD produc-
tion. Reportedly, the “light” feedstock only yields about one-fifth the yield of butadi-
ene compared to the “heavy” feedstock.

One major problem with the availability of NBR in 2007 and 2008 was the availability
of butadiene monomer. Because of the gradual switchover from petroleum-based
naphtha feedstocks to ethane natural-gas-based feedstocks in the production of eth-
ylene for the plastics industry, there are fewer C4 streams available for butadiene
production. Ethylene plants are gaining significant economic savings by making
this feedstock conversion from naphtha to ethane. This has resulted in significant
shortages of butadiene to the rubber industry during the last decade. However, there
is optimism now that butadiene will be more available than previously because of
the emergence of hydraulic fracturing (or “fracking”) for natural gas (especially
“wet” natural gas), which has resulted in a new abundance of butane. With all these
new reserves of butane, there should be no problem in the future in building “on
purpose” cracking units for the sole purpose of converting butane into butadiene.

Standard Classifications

There is no official standard classification system for different grades of nitrile rub-
ber. Commonly the percent acrylonitrile (ACN) and the Mooney viscosity value
(which crudely relates to average molecular weight by ASTM D1646) are used to
classify an NBR. Even with this, however, it is very possible that two sources of NBR
with the same ACN content and the same Mooney viscosity will still process very
differently and impart quite different physical properties to a rubber compound.

NBR grades that possess higher bound ACN content will usually impart higher oil
resistance to a rubber product while in service. However, a higher percent ACN con-
tent will also hurt the products low-temperature properties and resiliency.

Some Producers
Zeon Chemical Co.
Lanxess

DSM Copolymer
Nitrilo

INSA, LLC
Nitriflex (Brazil)

Kumho
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Nantex (Taiwan)

Synthos (Poland)

Sibur (Russia)

JSR

Polimeri

Insa Gpro (Nanjing) Synthetic Rubber Co. (China)
Girsa (Mexico)

PetroChina

Hyundai (Korea)

Why Used in Rubber Industry

NBR is commonly selected where good oil resistance is needed but high-temperature
service conditions are not required. If high protection against heat is not needed,
then the price of NBR is usually quite reasonable.

About 20% of NBR is used in the molding of rubber seals and O-rings that will be
exposed to engine oil, lubrication oil, and so on.

Another 30% is used in hose and belting stock, again for oil resistance.

About 5% is used in making blowout preventers or packers in the so-called “down-
hole” applications in drilling for oil

Another 10% is used in molding miscellaneous parts.

About 12% is used in making rubber latex products, while another 5% goes into
sponge applications.

Maybe 3% is used in footwear (such as in the soles of work shoes and military foot-
wear).

Alternate Nonrubber Uses
About 15% of NBR is used by the sealant and adhesives industry.

A significant quantity of NBR is used as an impact modifier in the plastics industry
for ABS plastic and NBR/PVC plastic blends.

Substitutability and Technical Alternatives

Certainly, other specialty elastomers can be substituted for NBR to achieve even bet-
ter oil resistance. However, most of these alternatives currently have a significantly
higher price than NBR. For oil resistance per se, NBR is very price effective.
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Tight Supply Situations in the Past and Future Supply Outlook

In the 1980s there were approximately 10 NBR plants in North America and many
others in Europe, Asia, and South America. Now there is only one nitrile rubber
plant left in the United States (Zeon’s Louisville, KY, plant). Also, there is the
nitrile rubber plant in Altamira, Mexico, which exports into the United States.
(The Lanxess Canadian NBR plant has been shut down.) The NBR polymerization
technology is mature. The “barriers to entry” are small compared to some other
types of polymer plants. Thus other countries are increasing their NBR productive
capacities while developed countries such as the United States have been decreas-
ing theirs. However, in 2008 Lanxess modernized their Lawantzenau, France, NBR
plant, which increased its output by 30%. Lanxess invested $15 million in this
upgrade. Also, significant, new productive capacity of NBR is being created in
Asia.

In the last twenty years the demand for NBR has been rather flat (or even declining
in some locations) because many of the newer specialty elastomers have substituted
for automotive “under the hood” applications that traditionally went to NBR. The
operating temperatures “under the hood” have been getting progressively higher.
Regular NBR does not have very good heat aging resistance.

Worldwide demand for NBR is projected to grow about 3% annually on average even
though the growth in the United States has been declining about -1.2% annually.
The largest growth in emerging producers of NBR can be found in mainland China
and Taiwan.

There have been some shortages from time to time of available NBR in the last twenty
years.

B 4.5 Hydrogenated Nitrile Rubber (HNBR)

HNBR has significant advantages over NBR in that it imparts superior heat and oxi-
dative resistance compared to the less-expensive NBR, without loss in oil resistance.
Also, the hydrogenation to convert NBR to HNBR changes the butene backbone to a
methylene backbone, which improves the strength of an HNBR compound as meas-
ured by ultimate tensile strength and tear-resistance tests. However, converting the
butene backbone to a more flexible, saturated methylene backbone can hurt low-
temperature properties because of crystallization. So in order to prevent this sacri-
fice in low-temperature properties, a second generation of HNBR polymers was
developed using proprietary third monomers in order to break up crystallinity ten-
dencies and restore good low-temperature properties. Not only do HNBR elastomers
retain their oil-resistant properties, but they possess superior dynamic properties
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vs. NBR, which explains why HNBR is the preferred polymer for use in the produc-
tion of automotive timing belts.

HNBR is manufactured from specially prepared NBR elastomers. By using a proprie-
tary precious metal catalyst (which selectively saturates the olefinic rather than the
nitrile unsaturation, with a catalyst cost of more than $500 per ounce), this NBR
feedstock is converted into HNBR, which is marketed at a much higher price than
NBR. Because of HNBR’s specialized applications and higher cost, only about 50 mil-
lion pounds are used each year worldwide.

—HCH-CH=CH-CH ) ~ACH,~CHY Y, — s
C=N Solvent

Acrylonitrile Butadiene Rubber (NBR)

~HCH,~CH;-CH;CH,)7~CH,~CH),
C=N
Hydrogenated Nitrile Rubber (HNBR)
Figure 4.16 The manufacture of hydrogenated nitrile rubber (HNBR) from NBR

As seen in Figure 4.16, the HNBR possesses no unsaturation in the backbone if it is
fully saturated. However, many grades are produced where the NBR is only partially
saturated, leaving a relatively small level of unsaturation in order to sulfur cure the
HNBR polymer. Sulfur cures can impart less heat buildup during dynamic flexing of
a given product; however, peroxide cures of a fully saturated HNBR-based compound
can give greater strength and heat resistance.

Complete saturation of the polymer backbone as shown above imparts much better
resistance to ozone attack, extended service temperature range, and improved hot
air resistance, compared to compounds based on conventional NBR. In other words,
compounds based on HNBR are much more resistant to heat than those based on
regular NBR elastomers. HNBR compounds have better thermo-oxidative aging
resistance, qualifying them for automotive “under the hood” applications.

Synonyms

Hydrogenated nitrile

Hydrogenated NBR

Hydrogenated acrylonitrile butadiene rubber
HNBR

Highly saturated nitrile (HSN)
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1,1,1-trichloroethane 523
1,1,1-trimethylolpropane (TMP) 524
1,1'-azobisformamide 361
1,2-dichloroethane 437
1,3-ethylene-2-thio-urea 289
1,4-BD 190,191
1,4-bis-(t-butylperoxyisopropyl)benzene 323
1,4-butanediol 190, 191, 381, 401, 406, 446, 464
1,4-cis-polybutadiene 54
1,4-cis-polyisoprene 43
1,4-hexadiene 59, 447
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2,2,4-trimethyl-1,2-dihydroquinoline polymer 330
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3M 110
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abietic acid mixture 239
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absorbent 445
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accelerator 257, 273, 288, 375, 506

Acentech Corporation 322
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acrylonitrile and butadiene copolymer 75
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452

acrylonitrile content 82

Acsium 95
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Aditya Agro Chemicals 370

Aditya Birla Group 204 -206
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Advanced Elastomer Systems (AES) 163

Advanced Technology and Industrial Co. (China)
424

Advance Research Chemicals 520

Advansa (UK) 518

AECM 100

AEM 65, 99,100, 493, 523

- rubber 436,439, 464, 465

Aeolus Tyre Co. 3

aerosol propellant 399

aerospace 104

- and defense industries 110

- applications 111

AES (Advanced Elastomer Systems, which now is a
division of ExxonMobil) 169, 171

Afino Fine (Taiwan) 431

Aflas 108

after the market 450

aged tack 358

- values 356

aging 528

- properties 270, 437, 492

- resistance 61, 91,145, 212

agricultural chemicals 411, 473

agricultural fertilizer 534

agricultural use 387

agriculture 265, 320, 408, 515, 534

agriculture sprays 238

Agrium 525

air aging resistance 268

aircraft 4

air floatation 218

air-floated clays 218

air permeability 69, 223
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air pollutant 468

air pollution 201

Air Products and Chemicals 310

Air Products (USA) 419, 456, 501, 524, 528

Akrochem 256, 262, 265, 290, 306, 310, 353,

356
AK Scientific (USA) 385, 390, 404, 422, 506
Akzo Nobel 117,118, 322 - 324, 410, 439, 442

Albany International 129
Alcan Rubber and Chemicals
303
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alcohol 217, 241
Aldehydes India 152
aldolized 377,406
Alemark Chemicals 387, 460, 462, 465, 511
Alfa Aesar GmbH & Co. (Germany) 424
Alfa Aesar-Johnson Matthey 392, 484, 492
aliphatic 236
- hydrocarbon resins 358
- tackifying resins 358
alkaloids 460
alkyd resins 487, 500, 525, 531
alkyl acrylate copolymer 87
alkylanthraquinone 453
alkylated 355
- phenol feedstocks 355
- phenols 446

279, 282, 296, 301,

484, 485
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- of benzene 157, 512

- value 490
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alkyl phenol 480, 517

- disulfide 288, 514
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alkylphenol (para-alkylphenol) 384

Allan Chemical Corp. 407, 492, 533

Allchem Industries 396, 427, 439, 462, 525

Alliance Tire Co. 4

allocation 399

alloys 519

allyl alcohol 400

alpha-methylstyrene 416

alpha-naphthylamine 334, 335, 389, 450, 471

alpha-nitro-naphthalene 335, 450, 471

- feedstock 335

alpha-olefins 437

Altair Partners 413

alumina trihydrate (ATH) 31, 367, 369

alumino-silicate clay deposits 31

aluminum 31, 500

- ore 31

- oxide 121

Amato International 478, 511

ambient temperature 354

Amelia Chemicals 470

American Borate 395, 396

American Fibers and Yarns 129

American International 387, 533

American Lubricants and Chemical LLC 235

American method 258

American process 259

American Synthetic Rubber 50, 55

Ameripol Synpol 52

AMI Agrolinz Melamine 461

amine-type AOs 339

aminodiphenylamine 475

ammonia 21,76, 84,150, 151,168, 269, 271, 275, 281,
286, 289, 290, 298, 300, 303, 305, 312, 361, 375,
385, 386, 404, 408, 410, 413, 440, 442, 452, 456,
464, 480, 487, 494, 506, 523

ammonium hydroxide 392

ammonium iodide 275

ammonium nitrate 387, 473

ammonium thiocyanate 289, 290, 386, 387, 410, 439

ammoxidation 381

Amoco 243

Amoco Process 517

amorphous, insoluble sulfur 266

amorphous, polymeric form of sulfur 266

amorphous sulfur 267

Amresco (USA) 479

amylene 358, 359, 388

anatase 38, 225

Anchor Chemical 295, 308

Angarsk 512

aniline 187,194, 275, 278, 282, 284, 291, 292, 295,
307, 329, 330, 333, 334, 337, 345, 349, 351, 375,
379, 388, 393, 410, 413, 415, 431, 450, 452, 460, 471,
473, 475, 476, 480

- hydrochloride 333, 337, 389, 390

animal feed 526, 534

animal repellent 273

Ankit Enterprise Mumbai 153

Ansell Ltd. 6

Anshan Tianchang (China) 471

anthracite coal 33

anthrahydroquinone 453

antibranching agents 42

antidegradants 329, 336, 338, 351, 352, 481

antifoaming agents 476, 491

antifreeze 435, 441, 443

- inhibitor 439

- production 496

antiknock agent for gasoline 397

antimony 365, 391

- chloride 392

- ore 31

- oxide
- ores 365

- oxide (antimony trioxide) 365, 367

- sulfide 366

- trichloride 391

- trioxide 365, 391, 392

antioxidant 329, 332, 344, 379, 393, 405, 415, 450,
456, 471, 473, 476

antiozonant 329, 343, 344, 348, 350, 352, 393, 463,
468, 475, 497

antiseptics 471,472

AOs 339

APAR Industries 50, 238

Apollo 445

Apollo Tyres Ltd. 3

apparel 130

appearance 163

Aqua Chemical 459

aqueous resorcinol formaldehyde resin liquid 137

aqueous soap emulsion 46

aramid 115,116,137

- cord 118

- fiber 428,474, 481

archery bows 120

Arizona Chemical 360

Arkema Inc. 288, 322-324, 356, 403, 410, 422, 453

aromatic 235

- diol 192

- extender oil 232

- extracts 232,233

- hydrocarbon (PAH) 414

- nylon 116



- oil 231-233, 236, 240

- polyamide 116

- process oil 231, 232, 240, 480

- residue oil 202

Arpechim 512

art gum erasers 256

Aryavart Chemicals 153

Asahi Glass (Aflas) 108

Asahi Kasei Chemical 50, 55

Asahi Kasei (Japan) 381

asbestos substitute 115

A. Schulman 162

Ashland Chemical 245, 247, 422, 434, 508, 523

As Kimya Sanayi Ve Ticaret AS 91

asphalt 156

asphaltene 232, 235

- content 237

asphalt modification 233

aspirin 318

Astlett Rubber 49, 55

ASTM abbreviation 340

ASTM D1418 43, 60,107,111, 112

ASTM D1506 Ash Content 204

ASTM D1508 Carbon Black Pelleted Fines 204

ASTM D1509 Heating Loss 204

ASTM D1510 lodine Adsorption Number 204

ASTM D1511 Pellet Size Distribution 204

ASTM D1512 pH Value 204

ASTM D1513 Pellet Pour Density 204

ASTM D1514 Sieve Residue 204

ASTM D1618 Extractables from Transmittance of
Toluene Extract 204

ASTM D1619 Carbon Black Sulfur Content 204

ASTM D1646 Mooney Viscosity Test 44, 49, 55, 61,
68, 72,77, 81,93, 95,98

ASTM D1765 2083, 207, 209

ASTM D1937 Carbon Black Pellet Mass Strength
204

ASTM D1992 242, 245, 247, 250, 252, 254, 372

ASTM D1993 Surface Area by Multipoint BET Nitrogen
Adsorption 145, 211

ASTM D2000 testing 65

ASTM D2007, a column chromatographic method
232, 235, 237

ASTM D2226 classifies petroleum process oils 232,
235, 237

ASTM D2227 41

ASTM D2414 Carbon Black Oil Absorption Number
(OAN) 204

ASTM D2501 237

ASTM D3191 Testing Carbon Black in SBR 204

ASTM D3192 Testing Carbon Black in Natural Rubber
204

ASTM D3265 Tint Strength 204

ASTM D3313 Individual Pellet Hardness of Carbon
Black 204

ASTM D3493 Testing Oil Absorption Number (COAN) of
Compressed Samples 204

ASTM D3765 Testing CTAB Surface Area of Carbon
Black 204

ASTM D3849 Morphological Characterization Using
Electron Microscopy 204

ASTM D3853 275, 278, 281

ASTM D4295 classifies rubber grades of zinc oxide
259

ASTM D4527 Carbon Black Solvent Extractables 204

ASTM D4528 classifies different grades of insoluble
sulfur 264, 267

ASTM D4676 331, 334, 336, 338, 340, 342, 347, 349,
351

ASTM D4677 225

ASTM D4817 262

ASTM D4818 275, 278, 282, 284, 287, 292, 295, 298,
301, 303, 305, 308, 310

ASTM D4924 classifies paraffin waxes 353

ASTM D5230 Automated Individual Pellet Hardness for
Carbon Black 204

ASTM D5377 226

ASTM D5604 Surface Area by Single Point BET
Nitrogen Adsorption 145, 211

ASTM D6086 Compressed Volume Index for Carbon
Black (Void Volume) 204

ASTM D6204 Part A Rubber Process Analyzer 44

ASTM D6556 Total and External Surface Area by
Nitrogen Adsorption 204

ASTM D6738 Volatility Content 145, 211

ASTM D6739 pH Value 145, 211

ASTM D6740 Ignition Loss Test for Residue 215

ASTM D6741 Sulfur Content 216

ASTM D6843 Characterization by Gas Chromato-
graphy 216

ASTM D6844 Characterization by High-Performance
Liquid Chromatography 215, 216

ASTM D6844 Purity by HPLC Method 215

ASTM D6845 CTAB (Cetyltrimethylammonium Bromide)
Surface Area 145, 211

ASTM D6854 Oil Absorption Number (for structure)
145, 211

atacamite 27

ATH 31,369, 505

athletic shoes 101,103

ATl Wah Chang 501

Atlantic Equipment Engineers Micron Metals
(USA) 500

Atman Chemical Industry 152, 265, 270, 273, 276,
280, 293, 296, 299, 301, 334

Atman Chemical Industry (China) 290, 309

atmospheric ozone 343

atomic hydrogen welding 452

Atotech 510

ATTS Inc. (USA) 481,499

Austin Chemical (USA) 477, 524
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- applications 104

- bumpers 160

- bushings 42

- fascias 160

- industry 441

- instrument panels 176

- packings 88

- safety glass 527

availability of the butadiene 397
Avon Rubber PLC 6

Avtex Fibers 131

axial slingers 8
azodicarbonamide (ADC) 361, 505
azo dye intermediate 421
azurite 27

B

bactericide 471, 477

bacteriostat 273

Bainbridge Chemical 265

Balkrishna Industries Ltd. 4

ballistic protection 115

bands 10

ban on aromatic oils 233

Baofull Co. Ltd. (China) 272

Barker Industries 492

barrier 352

- to gas permeability 223

Basell 398, 489, 494

Basell USA 489

BASF 123,125,187, 358, 362, 389, 400-403, 408,
409, 416, 418, 431, 441-443, 445, 450, 461, 465,
482, 486, 488, 491, 494, 497, 503, 512, 522
BASF (Belgium) 404, 447

batteries 205

bauxite (aluminum ore) 31, 369

bauxite ore 505

Bay Chemical 525

Bayer 176,187,188, 369, 431, 445, 450, 522
Bayer (Belgium) 456

Bayer CropScience 482

Bay Zinc 534

BBA Fiberweb 129

BBP 240

BBPIB 323

BBTS 275

BCH Bruhl Chemikalien Handel (Germany) 407
BD 49, 76,77,141,168, 397

BDO 191, 400, 401

bead area 150

bead wire 118,135, 136, 519

bearing alloys 391

Beaulieu of America 129

Beckmann Chemikalien (Germany) 385

Beckmann rearrangement 408

beef 263

Behn Meyer 216

Beijing SHLHT Chemical (China) 471, 479

Beijing Shouchuang Tyres Co. 4

Bekaert 135

bellows 8,166

Belmont Metals (USA) 391, 519

belt applications 81

belted radial tires 134

belting 76, 78,139,148

belts 116, 118,134,135, 254, 354

belt segment 7

benzene 47,48,141,193, 321, 350, 375, 392, 431,
433, 435, 437,493, 516, 521

benzoic acid 314, 487, 521

benzothiazole (benzothiazyl)disulfide (MBTS) 294,
295, 394

benzyl chloride 521

beta-naphthol 341, 342, 471

better wear 215

Beyo Chemical (China) 499

BF Goodrich Chemical Co. 96

bicycle 4,120

Biddle Sawyer Corp. 364, 421, 454, 474

BIIR 65,70, 71, 397, 457, 493, 502

BIMS 72-74, 456, 470

BIMSM 74

BIMS/nylon 72,174

- thermoplastic vulcanizate (TPV) 171,470

BIMS rubber 412, 456

biocides 480

biofuel 435

bis(2-ethylhexyl)phthalate 241

bis(3-chloro-4-aminophenyl)methane 198

bis-[3-(triethoxysilyl)propyl] disulfide 217

bis-[3-(triethoxysilyl)propyl] tetrasulfide 215

bis(4-amino-3-chlorophenyl)methane 198

bis(beta-hydroxyethyl) ether of resorcinol (HER) 192

bis-(dimethylthiocarbamyl)disulfide 271

bisphenol A 380, 480

bituminous coal 33, 226

black 201, 202, 227, 228

black oxide of iron 227

bladders 258, 326, 446

bleaching 510

- agent 506

blended with cotton 130

blends of stearic, palmitic, and oleic acids 262

block copolymers 156,177

blocked polyisocyanate 142

block polymerization 494

block polymers 393, 433, 513

bloom 255, 266, 267, 323, 350, 352, 514

- rate 348

- resistance 337
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blowing agent 101, 329, 361, 362, 412, 449, 505, 506,
526

blow molding 108

blown film 175

blowout preventer 8

Blue Star 112

boat hulls 122

boehmite 31

Bombay Lubricants Oil Co. 152

bond between rubber and textile cord 431

boots 166,176

BOP 8

borates 394

borax 121, 394, 516

Borden Chemical 445

Borealis 489, 494

boric acid 371, 395, 516

boron oxide 121

Borsodchem (Hungary) 431

bottles 130

bottoms 202

bound ACN 77

bound styrene level 49

bound water 369

Bozzetto 272, 295, 301, 303

BP 243,494

BPA 480

BP Amoco 242, 245, 246

BP Chemical 377,405, 416, 476, 491
BP (USA, Belgium) 518

BR 53,139, 354, 375, 399

braided 7

Brainerd Chemical 459

brass 532

brass alloys 532

brass-coated steel tire cord 532

brass plate 134

brass-plated steel tire cord adhesion 152

breaker compounds 143

breaker stock 146

Bridgestone Corp. 3, 5, 52
Bridgestone/Firestone 57

bright colors 82

brightener 387

bright light exposure 341

brimstone 264

brine 30, 93, 319
BRISA/Bridgestone Sabanci Tire 3
British Petroleum 531

brominated copolymer of isobutylene and para-
methylstyrene 174

brominated flame retardant 397

bromination 75

bromine 74, 396, 412, 493, 502

bromobutyl rubber (BIIR) 65, 70, 71, 397, 412, 457,
493, 502

bronze 134, 500

- alloy 519

bronzing iron 392

Brook-Chem 439, 510

brookite 38

brown rubber 47

brown vulcanized vegetable oil (VWO) 255
brown VWO products 255

BR production 398

Bruchem Inc. 396, 459, 511, 525
BST Elastomer 50, 56

BTZ 300

bubbles 361

buffers 8

building and construction materials 408

building construction 446

building tack 43, 354, 359, 446

bulletproof ballistic protection 115

bulletproof vests 118

bumpers 8

BunaN 76

BunaS 47

Burgess Pigment Co. 219

burning chlorine 450

bus 126

bushings 8

butadiene 46-48, 53, 57, 60, 76, 77, 89, 140, 141,157,
165,168, 375, 380, 397- 399, 412, 420, 434, 493

- monomer 141

- production 141

- rubber 53

butane 21,48, 53, 61, 77,142,168, 169, 375, 398, 399,
436, 467, 494

butanediol 400, 446, 464

butanol 196, 251, 377, 386, 401

- feedstock 467

butene 77, 89,141,158, 168, 397

- backbone 79

butyl 324

- acrylate 402

- alcohol 251, 401

- benzyl phthalate (BBP) 240

- bladders 324

- chloride 404

- compounds 326

- curing resin 325, 445

butylamine 403, 456, 506

butylating agent 404

butylene 157,158

butyl oleate 250, 251, 377, 478

- plasticizer 402

butyl phenol 357, 404, 405

butyl rubber (IIR) 62, 65, 66,169, 170, 304, 397, 411,
412, 456, 457, 459, 477, 493, 510

- -based TPV 170

- compounds 519



- curatives 169
- synthesis 67

butyraldehyde 196, 241, 247, 249, 402, 405, 415, 452

c

C4 cracker stream 48, 77,168, 397

C4 streams 53,77

C5 feedstocks 358, 359

C6 streams 358, 359

C16 saturated fatty acid = 261

C18 fatty acid 261

cable 134,136, 455

- sheaths 391

Cabot Corp. 201, 204-206, 214

Caffaro 368

Calabrian 509, 514

calcination 319

calcination to MgO 319

calcium carbide 191, 406

calcium carbonate 35, 220, 221, 408

calcium fluoride 452

calcium hydroxide 407, 408

calcium oxide 121, 220, 408

calcium phosphate 35

Caldic Chemie 445

calendered fabric 354

Calico Printers 127

camelback 42

Camida (Ireland)

Canada Talc 223

Cancarb Limited 207

candles 530

Canex Group 87

Cangzhou Goldlion Chemicals (China) 434

caprolactam 123 -125, 408, 417, 418, 480

captive 378

- requirements 486

captively 450

car bodies 122

carbon 202

- black 5,201, 202, 375

- -carbon crosslink 321

- content 119

- dioxide 386, 408, 507

- disulfide 131,132, 271, 272, 275, 278, 282, 290, 291,
295, 298, 300-302, 305, 310, 375, 386, 389, 410,
422,425, 427, 463, 504, 505, 514, 523

- fiber production 119

- fibers 118,119, 375, 382, 489, 494

- monoxide 185,191, 380

- paper 205

- steel 134

- tetrachloride 411, 517

carbon black producers, top four 205

carboxybenzene 314

500, 501

carcass 118

- grade 203

Cardinal Health 6

car interiors 160

Carlisle Companies, Inc. 3,6

Carom SA 45, 50, 51, 56

Carothers 127

carpet backing 51, 513

carpets 126,127,130

car seats 522

casein 136

castable polyurethane elastomers 522

castable two-part polyurethanes 175

cast molding 179

- of rubber parts 179

castor oil 249, 499

cast polyurethane systems 196

Casumina (Southern Rubber Industry) 4

catalysis of oxidative degradation 439

catalyst 54, 228, 401, 441, 516, 520

- production 225

catalytic

- alkylation 355, 357

- cracker units 202

- cracking 359

- dehydrogenation 467

- hydrogenation 453, 493

- reforming 520

cat cracker bottoms

Cater Chemicals 492

cationic polymerization 358

cattle 262

caulking 236, 238

- industry 113

caustic soda 504

- solution 504

CB 54

CBS 277,278, 280, 375, 376, 394, 410, 419, 462, 463,
504, 514

- accelerator

Ceat Ltd. 3

Celanese 378, 401, 467, 468, 526

cellophane 411, 505

cellular rubber 361

cellulose acetate 380

- fiber production 380

cellulosic fiber 131

cement 219, 407

C-E Minerals 145, 211

Century Multech 532

CEPSA 520

ceramics 219, 222, 223, 225, 260, 366, 370, 533

CertainTeed 491

cetyltrimethylammonium bromide 211

CFTE 104

CGS Ceske Gumarenska Spol. 4

202, 203, 375, 414

389, 506



chain extender 179,185,189, 196

chain transfer agent 46

chalcocite 27

chalcopyrite 27

chalk 225

chalking sealants 457

Changde Dingyuan Chemical Industrial Limited 276,
279, 282, 293, 296, 347

changes in availability 376

Changu Chemical (China) 484

channel black 201

char 371

characterize acetylene black 209

Charch 136

Charkit Chemical 387, 449, 454

Charles B. Chrystal Co., Inc. 219

Charles Goodyear 263

Chattem Chemicals 448

Chefaro 272, 299, 301, 304, 306

chelating agent 439

chelation products 420

Chemapol 272, 279, 295, 308

chemical

- antiozonant 343, 352

- attack 329

- inertness 109, 113

- intermediates 375

- manufacturers 376

- resistance 95,176

- uniformity 239

Chemical and Metal Industries 392

chemical intermediates, top 30 375, 376

Chemical Lime Co. 221

Chemos GmbH (Germany) 385, 394, 405, 406, 410,
412, 422, 426, 433, 445, 460, 470, 473, 489, 520,
528

Chemtrade Logistics 514

Chemtura 187, 334, 336, 338, 347, 353, 372

Cheng Shin 3

Chenguang Fluoro & Silicone Polymer Co. Ltd. 87

Chevron Philips Chemical 512

Chevron Phillips 416, 435, 436, 456, 489

Chevron Phillips Chemicals Deutschland GmbH 420

Chevron Texaco 238

Chi Mei Corp. 50, 56

Chimica 445

china clay 218

China Petrochemical (Taiwan) 381

China Synthetic Rubber 204, 205

China XiangDing Chemical International Co. 424

Chinopec 72

chloride process 224

chlorinate 411

chlorinated

- alicyclic chemical additives 365

- benzene feedstocks 344

butadiene 91

insecticides 420

- paraffin (CP) 365, 367, 368, 411, 530

PE 92

polyethylene rubber (CM) 65, 92, 411

chlorinating agent 392

chlorination 440, 493

- of butadiene 88

- of polyethylene 493

- of propylene 97

chlorine 71, 93, 95,132, 286, 295, 367, 368, 375, 411,
412, 437,492, 4983, 502, 505, 506, 514, 530

- donors 368

- gas 213,269,450

- production 504, 505

- source 367

chlorobenzene 307, 412

chlorobutyl rubber (CIIR) 65, 70, 71, 411, 457

chlorocumene 415

chlorodifluoroethane 452

chlorodifluoromethane 106, 413, 452

chlorohydrin rubber 65, 97, 407, 413, 414, 437, 442,
517

chloroprene 89, 90, 406

- monomer 380, 406, 412

- rubber 89

chlorosulfinated polyethylene rubber 65, 94, 95

chlorosulfonation 493

- of polyethylene 493

chlorotrifluoroethylene (CTFE) 104 -106

Chou Chemical Co. 450

CHR 97
chromium 35
- chloride 275

Cia. Hulera Tornel S.A. de C.V. 4

Ciech 272,295

CIECH 278

ClIR 65,70, 71, 375, 457

CIPEC 28

circuit board 500

cis-BR 54

cis-polybutadiene 54

cis-polyisoprene 43

CITGO 415

Clariant 442

clarity 101

classifies petroleum process oils 235

classifying specialty elastomers by ASTM D2000
66

clay 32,121,208, 217,227

- color control 237

clay-gel analysis 232, 235, 237

cleaning agent 503

closed-cell 361

- sponge 362

clothing 127



CM 65,92, 365, 375,433

- elastomer 437

CMM 260

CO 65,97, 375, 412

coal 33,134, 226, 414

Coal Fillers Inc. 227

coal tar 48, 202, 203, 393

coated fabrics 95

coating applications 216

coatings 95, 145,179,184, 187,189, 195, 197, 205, 212,
214, 222, 223, 228, 238, 263, 366, 368, 378, 399,
402, 403, 435, 463, 467, 469, 487, 501, 521, 525,
527, 531

- industry 260, 365, 460, 500

cobalt 34, 54,143,152,153

- deposits 35

- naphthenate 34

- stearate 34,143,152

cobaltite 34

coconut oil 39, 263

Cognis 252,262

coke 134, 213, 414

Colbond 129

cold emulsion polymerization 46

cold emulsion SBR masterbatches containing carbon
black 49

cold emulsion SBR masterbatches containing oil
49

Collinda (UK) 471,472

color 238

colorability 82,163

colorable 176

colorants 228, 472

color control 337

Color-Fi 129

Colorite Specialty 491

colorless 238

Columbian Chemical 204, 206

column chromatographic method 235, 237

combustion 372

Command Chemical 366

commercial carbon blacks 203

commodity plastic polystyrene 513

commodity plastics 490, 513

comonomer 437,442, 451, 526

comparative cost advantage 492

compatibility 206, 216

compatibility of silica with carbon-based elastomer
216

Complex Quimica SA 489, 503, 516

compound cost 108

compound reinforcement 205

compression and tension set 166

compression molding 8

compression set 101,160, 322

- resistance 99, 320

concentration of zinc oxide 260

concentrations 369

condensation products 355

condoms 9

Condor 478

conductivity 208

Connect Chemicals (Germany) 484

Connect Marketing GmbH 499

construction 431

- cleaning 451

- industries 492, 528

consumption by the rubber industry 376

consumption in nonrubber applications 376

Continental AG 3,5

Continental Carbon 204

Continental Clay Company 217

Continental Industries 427

continuous vulcanization unit 9,155,166

controlled oxidation 297

controlled viscosity 42

conveyor belt cover stocks 42

conveyor belts 7,42, 45,127,134, 203, 354, 455

coolant 441

Cooper Standard Automotive 5

Cooper Tire and Rubber Co. 3

COPE 177,178

copolyester 177

copolymer 58

copolymerization 493

copolymer of isobutylene and isoprene 170

copolymer of isobutylene and para-methylstyrene 73

copper 27,500, 532

brazing 396

inhibitor 341

- ore 27

scavenger 343

cord adhesion 136, 437, 498

- torubber 464

cord for tire reinforcement 441

cord for tires 116

cornoil 39

corrosion inhibitor 294, 421, 423, 425, 462, 471, 474,
503, 506

CosMar 435, 512

cosmetic industries 263

cosmetics 370, 466, 476, 478, 496, 501, 512, 526, 533

cost 108,156, 201, 226, 238

cotton 130

- cords 136

cottonseed oil 39

covellite 27

cover stock for conveyor belts 203

covulcanized 72

Coyne Chemical 385, 396, 439, 459, 470, 523

CP 367

CPE 65, 92,93, 493



CPS Union 532

CR 65, 88, 89, 365, 375, 399, 487, 523
cracker stream 397

cracking 53, 77,168,191, 352, 355, 359, 494
- process 202,493

- units 90, 398

cracks 243, 343

Cray Valley 359

crepe hardening 213

cresol 372

critical sterilizing cycles 110
cross-elasticity of demand 376
crosslink density 196, 260, 276, 280
crosslinked gel 90

crosslinking agent 152, 326, 522
crosslinks 257

Cross QOil 235

crotonaldehyde 196, 377, 414, 415
Crown Chemical 235

CR production 398

crude MBT 410, 504

crude petroleum oil 14,191, 232, 316, 352, 353

crude stearic acid 511

crust of the earth 29

crystalline 263

- polymer 126

- sulfur 266, 267

crystallinity tendencies 79
crystallization 111

CSM 65, 94, 95, 365, 375, 433, 493, 515
- elastomer 411

- rubber 437

CSPE 95

CTAB 211

CTP 311-314, 420

- cure inhibitor 386

- inhibitor 487

cumene 379, 393, 415, 416, 453, 495
- oxidation 416

cuprite 27

curable masterbatch 437

curable PVC/NBR polyblends 65, 82
curative 179,180, 197,198, 257, 375, 415, 446
- ingredients 257

- system 163

cure activator 511

cure as a polyurethane elastomer 458
cured

- at atmospheric pressure 260

- cellular rubber 361

- hardness 311, 313, 316

- meats 507

- modulus 304

- physical properties 369

- rubber product 348

- rubber properties 263, 265

cure package 313

cure polyurethane elastomers 406

cure profile 273

cure rate 274, 277, 280, 285, 300, 304, 306, 311, 314,
316, 445

cure system 258, 261

curing 257,446,477

- agent 400

- bladders 208, 258, 326

- of tires 324

- polyurethane elastomers 406

- process 361

- resins 324,446

- rubber 265

- tires 326

Custom Resins 125

cutting oils 294

CV grades 42

Cvu 9

cyanogen chloride 307, 389

cyclohexane 124,182, 247, 253, 408, 416, 417

cyclohexanone 124, 408, 417, 418

- oxime 408

cyclohexylamine 278, 389, 394, 419, 506

cyclohexyl mercaptan 419

cyclohexyl sulfenyl chloride 420

cyclohexyl(thio)phthalimide 311, 312

cyclopentadiene 60, 165, 398, 420

Cytec 150, 308, 310, 340

Cytec Industries (USA) 381, 461

D

Dahua Group 461

DAK Americas (USA) 129,130, 518

Dalian Advance Performance Specialty Chemicals Co.
153

Dalian Richon Chem. Co., Ltd. 270, 273, 276, 279,
282, 293, 296, 304, 331, 347

Dalian Yongfeng Rubber Chem. Co., Ltd. 275, 277,

313
Dampier 395
Dana Corp. 6

Davy Process Technology 400

Dayang Chemicals (China) 447, 470, 501, 503, 506,
519, 524

DBEEA 253, 254, 383

DCBS 283, 284

- accelerator 506

- rubber accelerator 424

DCP 321, 322, 375, 393, 453, 516

DEA Oil 531

decomposition rate 362

defoamers 238

DEG 443

degrease metals 523



Degussa 206, 211, 212, 216, 217, 404, 445, 453

DEHP 240, 241

dehydrochlorinated 423, 437, 451

dehydrogenated 158, 388, 493, 512, 521

dehydrogenation 467

- of ethylbenzene 157

Dena Tire and Rubber Mfg. Co. Ltd 4

Denki Kagaku Kogyo K.K. (Japan) 209

Denman Tire Corp. 4

density 117,133,155, 490

- polyethylene 437

deodorants 476

destructive distillation 240

desulfurization 416, 417

detergents 352, 393, 402, 435, 471, 496, 505, 508,
509

deterioration 329

Deutsche QOil Fabrik 269

Deutsche Shell 531

dewaxing 467

di-2-ethylhexyl adipate 246

di-(2-ethylhexyl) sebacate 248

di(2-t-butyleperoxyisopropyl)benzene (BBPIB)
323

diacetone alcohol 468

diacid 125

dialkyl peroxides 324

dialkylphenylene diamine class 348

diamine 179,185, 189, 197, 440

- curative 99,180,189

- monomer 125

diaminodiphenylmethane 187, 421

diaminotoluene 188, 421, 422, 429

diaphragms 8

diarylphenylene diamine class 350

diaspore 31

dibutoxyethoxyethyl adipate 253

dibutylamine 300, 386, 404, 410, 422, 505

dichlorodimethylsilane 112, 423, 466, 500, 501

dichlorohydrin 412, 495

Dickson 127

dicumyl peroxide (DCP) 321, 415, 453

dicyclohexylamine 284, 424, 506

dicyclopentadiene 58, 424

DIDP 240, 244, 245

- plasticizers 531

- synthetic ester plasticizer 471

die casting 27

diene 425

- monomer 425

diesel fuel 416

diethylamine 305, 386, 425

diethylene glycol 443

diethylhexyl phthalate 241

diisobutylene 337, 338, 426, 430, 456, 480

diisobutyl ketone 468

diisocyanates 176, 179,184,185

di-isodecyl phthalate (DIDP) 240, 244

di-isononyl phthalate (DINP) 240

diisopropylbenzene monohydroperoxide 46

diluent filler 226

dimensional stability 136

- characteristics 127

dimer 330, 456

dimerization 171, 338, 401

dimethylamine 271, 298, 302, 303, 386, 410, 426,
427,464, 504

dimethyl terephthalate 128, 427, 428, 531

dinaphthyl-PPD 341

dinitrobenzene 116, 428

dinitrotoluene 188, 429

di-n-octyl phthalate 240

DINP 240, 444

dioctyl adipate (DOA) 246, 383, 444

dioctyl phthalate 82, 240, 241

- plasticizer 85

dioctyl sebacate 248, 499

diol 179,185,189

- chain extenders 190

- curative 180

diolefin 358

- feedstocks 358

diols 176, 458

di-ortho-tolylguanidine 309, 310, 523

di-ortho-tolylthiourea 523

di-o-tolylguanidine 309, 310

diphenylamine 332, 333, 337, 345, 379, 389, 390,
416, 426, 429, 450, 460

diphenylamine /acetone reaction product 333

diphenylamine-ketone condensates 333

diphenyl guanidine 306, 307

dips 393

- for rubber-to-cord adhesion 136

direct 259

- chlorination 380

dirt content 42

discoloration 341

disinfectant 506

dispersing agents 263

distillation 476

distributors 376, 450

disulfide version of the organosilane 217

dithiocarbamates 300, 304, 306, 411

dithiodimorpholine (DTDM) 258, 268, 269

Dixie Clay Company 217, 219

DMSO 232

- extraction 232

DNOP 240

DNPD 341, 343, 481

- antioxidant 471,472

- antiozonant 428, 474

DN-PPD 341
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DOA 246, 248, 250, 377, 406, 444

- plasticizer 417

dodecene 245

dodecyl

- phenol 480

dodecylbenzene 393

dodecyl mercaptan 46

domestic price controls 263

Domo 489

Dongguan First Rubber & Plastic Technology Co., Ltd.
270, 276, 279, 296, 302, 304, 313

Dongguan Polytec Additives Co., Ltd. 356

Dongying Bochen Chemical CTP PVI Co., Ltd. 270,
272,276, 279, 282, 285, 293, 296, 299, 308, 331,
347

Dongying Boying Chemicals 150

Dongying Jinzheng Petrochemical Co., Ltd. 276, 279,
293, 296

Dongying Wantong Rubber Auxiliary Co., Ltd. 276,
280, 285, 293, 296

DOP 82, 240, 241, 243, 245, 377, 406, 444, 471, 486,
487, 531

DOPD 481

- antidegradant 389

- (i88PD) antiozonant 474

DOP plasticizer 452

DOS 248, 250, 377,406, 444, 499

DOTG 309, 310, 463, 514

- accelerator 410

Double Happiness Tyre Industries 4

dough mixer 213

Dover Chemical 368

Dow Chemical 56, 61, 93, 111,162,187, 379, 398, 401,
402, 411, 431,435, 436, 440 - 443, 450, 466, 468,
482, 489, 491, 494 - 497, 504, 512, 522, 526, 527

Dow Chemical Dynasol Elastomeros 50

Dow Corning 112, 466

downhole 8, 76, 82,108, 110

DPDP 444

DPG 306-2309, 389

DPPD 350

- antiozonant 389, 390, 497
driers 153

drilling fluids 508

Dry Branch Kaolin 219

dry cell batteries 532

drying oils 525

DSL Chemicals (Shanghai, China) 481

DSM 61,166, 408, 409, 418, 461

DSM Chemicals 125

DSM Copolymer 77

DSM (Netherlands) 381

DTDM 258, 268, 270, 273, 386, 412, 442, 470, 514,
517

Dunlop 118

Dunlop Tyres International Pty. Ltd. 3

DuPont 91, 95,103, 115, 117,118, 125 - 127, 129, 136, 177,
225, 338, 378, 389, 482, 526, 528

DuPont Elastomers 90, 95,108, 110

DuPont Fluoroproducts 450

DuPont (Germany) 447

DuPont (UK) 447

DuPont (USA) 381, 447

Duprene 89

durability 122,160

durometer hardness 205

Dusloa Sala/Sover 347

Duslo Sala 313

Duslo (Slovak Republic) 279

dust 231

- control 236, 238

dusting agent 533

Dwory 512

dye industries 435

dyeing 507

- operations 509

- textiles 510

dye processes 510

dye production 390, 514

dyes 352, 387,390, 393, 402, 422, 423, 430, 454,
471-474, 476, 477, 480, 487, 497, 516, 517, 531, 534

dyestuffs 403, 485

dye synthesis 397

dynamically vulcanized 465

dynamic applications 455

dynamic conditions 348, 352

dynamic flexing 80, 352

dynamic, long-term protection from ozone 344

dynamic mechanical properties 81

dynamic seals 7

dynamic shear 163

dynamic vulcanization 163, 324, 383, 398, 433, 456,
494, 510

dynamic vulcanization process 174

dynamic vulcanized alloys 164

Dynasol 55, 262

- elastomers 50, 55

Dyneon 110

Dynes 445

Dynochem 445

E

E 104

EAB 47

EAM 375, 380, 433

earth-moving tires 4

Eastman Chemical 125,126,177, 266 - 268, 347, 378,
385, 401,443, 483

Eastman Chemical BV (Germany) 434

Eastman Chemical (USA) 518

Eastman Hydrocarbon Resins 359



Eaton Corp. 5

EB 512

Ebbtide Polymers 166

EBR 54,55

ECC International 218, 221

E.C. Morris 235, 238

ECO 65, 96, 97, 254, 375, 442

- elastomers 412, 432
economical alternative 240
economic diluent  219-221, 227
economic savings 397

ECO rubber 407, 437, 451
EDTA 46, 439

Eferemov Synthetic Rubber Enterprise 56
efficient cures 412

efficient cure systems 517
efficient vulcanization 258, 268
- cures 442

- systems 470

EG 44

EKO Peroxide 453
elasticity of demand 376
elastomeric alloys 164
elastomers 375, 376
electrical conductivity 209
electrodes 205

electrolysis 516

- of brine 132

- of water 452

electrolytic plating 449
electromagnetic interference shields 205
electronic circuit boards 500
electroplating 532

- applications 425

elemental silicon 215, 466
elemental sulfur 25, 255, 258, 263, 269
elongation 117, 343
ElringKlinger AG 6

Emerald Performance Materials 338
Emerald Polymer Additives 331
EMS-Chemie 125

emulsion 512

- BR polymers 54

- polybutadiene 54

- -polymerized elastomers 262
enamels 366, 395, 396

ENB 58,161,165, 375, 398, 399, 420, 445
end blocks 156,159

energy absorption 69

energy industry 104

energy oil equivalent 14
Engelhard Corp. 218
engineering plastic PBT 401
engine gaskets 88

engine seals 101

englishred 228

Enichem 90, 91

environmental risk 232

EO 442,443

EPDM 58,161,163, 238, 302, 324, 359, 398, 420,
433, 436, 437, 445, 447,490, 493 - 495, 510

- compounds 354

- elastomers 493

- /PP thermoplastic vulcanizate (TPVs) 62,164, 437,
519

- rubber 164, 425

epichlorohydrin = 98, 412, 432, 495, 505

epichlorohydrin/ethylene oxide copolymer 97

epichlorohydrin rubber 65, 96, 97, 495

EPM 58, 60, 436, 494

- elastomers 493

epoxy 137

curing agents 390

dip 142

- resins 380, 432

treatment 142

EPR 60

Equipolymers 518

Equistar Chemical 398, 436

erasers 255, 256

Ercros 445

Ergon 233

ESBR 47,52

essential ingredient 258

essential oils 460

ester 241

esterification 400

ester plasticizer 246, 406, 499

ester solvent 402

etch glass 453

ethane 21, 48, 60,105, 158, 161,164, 375, 397, 433,
436

- feedstocks 141,168

ethanol 185, 434, 435, 452

- blends 104

Ethephon 25

ether linkage 183,184

Ethox Chemicals 488

ethyl acrylate 433

ethyl alcohol 434

ethylbenzene (EB) 47,141, 393, 433, 435, 437, 493,
512, 521

- production 437

ethyl chloride 305, 386

ethylene 47, 58, 60, 77, 89, 99,100, 102, 104, 105, 141,
157,158, 161,164,165, 202, 375, 376, 393, 397, 401,
403, 407,433, 434 -437,440, 441, 451, 476, 493,
512, 520, 526

ethylene acrylic elastomer 65, 99,100

ethylene-butene copolymer 160

ethylene carbonate 192, 438, 441, 442, 482,

498



ethylene chlorohydrin 438, 451, 464, 505

ethylene diamine 289, 386, 387, 439, 440

ethylene dibromide 397

ethylene dichloride 289, 386, 437, 440

ethylene glycol 128,130, 181,192, 437, 441-443, 451,
482

- polyester 417

- polyester (polyol) 183, 441

ethylene-octene copolymer elastomers 160

ethylene oxide (EO) 96 -98, 128,182,194, 195, 269,
281, 286, 386, 407, 437, 442, 451, 454

ethylene plant 89, 436

ethylene production 89,141,168

ethylene propylene copolymer 60

ethylene propylene diene rubber 41, 58

ethylene/propylene production 77,168

ethylene propylene rubber 58, 60

ethylene tars 414

ethylene thiourea 289

ethylene vinyl acetate 65,101,102, 378

- elastomer 526

- rubber 102

ethylhexanol (2EH) 406, 443, 452

ethylidenenorbornene (ENB) 161,162, 164, 165,
420

ETU 289,440

- accelerator 386, 387, 410, 439

European ban on aromatic oils 233

European Union (EU) 232, 241, 244

European Union (EU) ban 231

EV 270

EVA 65,101,102, 493

- elastomer 378

EV cures 258, 268

EV cure systems 273

EVM 65,102

Evonik 145, 211, 212, 217

Excalibar Mineral, Inc. 221

Excel Polymers 255

exothermic reaction 208

extender 221

extend scorch safety time 311

exterior automotive applications 162

exterior weatherstripping 61

Extol Technology Limited 260

extraction method 236

extractive distillation 168, 397

- of this C4 cracker stream 141

extruding 159

extrusion 166, 223, 260

extrusion resins 126

exudation 266

exude 323, 352

ExxonMobil 61, 62, 67, 68, 72, 73,163,166, 174,175,
238, 398, 416, 436, 456, 457, 467, 486, 489, 494,
520, 531

ExxonMobil Chemical Company 75, 359
Eythlene process 93

Fabrichem (USA) 404
fabrics 179
fabric-to-rubber adhesion 504, 512
factice 255

factory 356

Falcon Tyres Ltd 4

farm service 4

fascias 160

fast cure rate 276

fast curing 297

- adhesives 139

fast extruding furnace 203
fast furnace 203
FATES.A.I.C.I. 4

fatigue resistance 126,166
fatty acid 38, 240, 262
FCC units 494

Federal Corp. 4
Federal-Mogul Corp. 5
feedstock 452, 460, 486
feel 162

FEF 203

feldspar 32

Fellek Chemical (Belgium) 384
Fenner PLC 6

FEPM 65,105,107,108
ferric oxide 228

fertilizer production 266, 514
fertilizers 265, 320, 387, 483, 516, 526
FF 203

FFKM 65,109

fiberglass 120,121, 219

- boats 120

fibers 390

Fiber Science 129
filaments 119

filler 201, 217

Filler Products Inc. 221
film 130, 440

Filtex 129

Fine Thermal 207

fire control 519

Firestone Polymers 49, 55
Firma Chemiczna SA 50
First Chemical 389

fixing agent in photography 387
FKM 30, 65,104,105, 107, 375, 381, 433, 436, 494
- elastomer 104, 518

- rubber 529

flame front 365

flame retardance 31



flame retardancy 365-367, 369, 370, 484, 485 formaldehyde 137,138, 146, 151, 185, 187,190, 191, 196,

flame retardant 31, 35, 329, 365, 370, 372, 391, 392, 198, 324, 325, 355, 375, 381, 386, 389, 405, 406,

395 - 397, 411, 480, 516, 530, 532 -534
- filler 505
- plasticizer 460, 484
- systems 367
flame retarder 483
flame-retarding textile products 396
flex fatigue 55, 56, 334
- resistance 332
flexibility 111
flexible 243, 431
- foams 179
flexible polyurethane foam 522
flexible PVC 487,492
flexing 343, 352
flexing action 352
Flexsys 266-268, 344, 384
- patented process 345
flocculants 382
floor 198
- tiles 45
flotation process 27
Flow Polymers A.B. Enterprises 152
fluid catalytic cracking 494
fluid seals 8
fluorescent 30
fluorinating agent 453
fluorination 109
fluorine 30, 107
- content 109
- rubber 105
fluorite 30
fluorocarbon elastomer 65,105
fluoroelastomers 8, 30, 65,104, 105, 452
fluoropolymer elastomer 105
fluoro vinyl methyl silicone rubber 108, 112
fluorspar 30, 452
flux 408
fluxed 398, 437
- NBR/PVC blend 83
- PVC/NBR masterbatch 528
flux in ceramics 372
fluxing 495
FMC Corp. (USA) 453, 484
FMC Foret SA (Spain) 503, 508
FMQ 65,112
foams 179,184, 187,189,193, 195, 197, 431
folding kayaks 95
food 503
- packaging 512
- preservation 510
foot pads 166
footwear 45, 78, 216, 238
- industry 156
- knee boots 42

431,445, 464,477,480, 498, 509

- for adhesion 375

formalin 137,138, 147

Formosa Plastics 381, 411, 440, 489, 491, 504, 527

Formox 445

Foss Manufacturing 129

foundry cores 431

fracking 53, 57,77, 90,142,169, 398

fractionation 338, 340

franklinite 27

Frasch mining process 25, 263, 513

free isocyanates 181

free radical generator 46

french chalk 222

French method 258

French process (indirect process) 258, 259, 532

Freudenberg Group 5

Freudenberg Nonwovens 129

FSK Elemir 50

FT 207

- infrared spectroscopy methods 81

fuel 266, 399, 463

- economy 118, 210, 212

- oil 233

- source 372

fuel cells 464

Fukoku Co. 6

full reinforcement 203

fully fluorinated 109

fully reinforcing filler 210, 212

fully reinforcing grades 202

fumed silica 29, 213, 214, 500, 501, 524

fumigants 397, 411, 496

fungicide 265, 270, 273, 294, 304, 318, 387, 403, 411,
439, 443, 449, 462, 471, 472, 477, 488, 497, 503,
506, 532

fungistat 372

furnace carbon blacks 202, 375, 414

furnace process 201

furniture 522

FVMQ 65,108, 112

G

galvanizing 532

- steel 27

Gantrade Corporation 204

Gaoging Hexie Chemical Co. 276, 280
Garuda Chemicals (India) 390

gas cells 361

gas condensate 202

gas generation process 363

gaskets 7,9, 98,166

gas oil 202,436, 494



gasoline 232, 416, 435, 456, 474

- additives 485

- production 490

- stabilizers 427

gas-phase solution polymerization process 59

Gates Formed Fiber Products 129

G. Collard et P. Collete SA (Belgium) 519

GE Advanced Materials 482

Geismar Vinyls 440, 491, 527

gel 90

Gelest Inc. 501, 524

general chemical feedstock 260

General Electric Plastics 177

general-purpose elastomers 297

general purpose furnace 203

general-purpose rubbers 72

General Quimica 278, 292, 295, 308

General Tyre and Rubber Co. of Pakistan, Ltd. 4

generates 313

geopolitics 16

Georgia Gulf 379, 415, 440, 491, 527

Georgia Gulf Sulfur Corp. 265

Georgia Pacific 453

Georgia Pacific Resins 445

germicide 506

GFS Chemicals 429, 492, 510, 522

GH Chemicals 260

gibbsite 31

Girsa 78

GITI Tire Co. 3

GJ Chemical (USA) 433, 465

glass 225, 370, 503, 510

- appearance 520

- fiberinsulation 395

- fibers 120,121, 395, 396

- manufacture 320, 509

- manufacturing 408, 507

- products 395

- transition temperature 159

Glassmaster Monofilament 129

glassy domains 156

glaucodot 34

glazing 222

gloss 163

gloves 9

glycerin 38

glycol ethers 402

Golden Bear Oil Specialties 235

golf ball cores 56

golf club shafts 120

Goodyear Tire and Rubber Co. 3, 44, 49, 52, 55, 118,
120

government safety, health, and environmental
regulations 372

GP Chemicals 308

GPF 203

GPX International Tire corp. 3

grades of stearic acid 262

Graham Chemical 396, 525

granular rubber 59

graphene sheets 119

graphite 33, 208, 209

Grasim of India 133

greases 294

Great Lakes Chemical 269

Great Recession 53

Green Fine Chemical Co. (Shanghai, China) 423, 484,
485

green tire 217

grind 263

grommets 8,166

ground calcium carbonate 220

ground coal 33, 226

ground limestone 35, 220, 221

- feedstock 220

ground mica 223

ground sulfur 264

ground talc 223

growth regulator 25

GRS 46, 47

G-type: neoprene 90

GTY Tire Co 4

Guangzhou Pearl River Rubber Tyre 4

guanidine accelerators 309

guanidine class 306

Guayule 25

Guilford Fibers 129

Gujarat State Fertilizers 461

Gulf Advanced 400

Gulf Chemical International 418, 432, 438

Gulf, Invista 400

Gulf of Mexico 10

gum erasers 256

gum rosin 36

H

HAF 203

Haihang Industry Co. Ltd. (China) 250, 254, 275

Hainan Zhongxin Chemical Co. (China) 299, 412, 470,
472,473, 508, 510, 525, 529

Hain Zhongxin (China) 478

Hallochem Pharma Co. (China) 420, 433, 470, 479,
503

Hallstar 243, 245, 248, 250, 252, 254, 320, 353, 372

halobutyl-based compounds 288

halobutyl rubber 65, 69, 72, 288, 319, 320

halogenate 397

halogenated

- anhydrides 487

- elastomer bases 365

- elastomer compounds 319



- elastomers
- organic chemical 466
- solvent 523
halogenation 72

258, 260, 326

halogen donor 365, 366

Halterman (Germany) 471

hand-built hose 7

Haney 136

Hangzhou Dayangchem Ltd. 252

Hangzhou Meite Chemicals (China)
423,429

Hangzhou Yuhao Chemical 287

Hangzhou Zhongce Rubber Co. 3

Hankook Tire Co. 3

hard carbon blacks 202

harden 150

hardener for epoxy resins 421

hardener for lead 391

hardening agent 446

hardness 150, 164,192,193, 201, 205, 207, 255, 311,
314, 386

- applications 196

Harwick Standard 243, 245, 248, 250, 252, 254, 255,
262, 264, 353, 359, 360, 371

Hatco Chemical 245, 250

hazelnut oil 39

HBR 54

HCI 450

HDPE 92

- process 92

heat aging 111

- resistance 82,101,104

heat and oxidative aging resistance 341

heat resistance 80, 107,108, 322, 326, 337, 477

- properties 160

heat-resistant glass 396

heat-resistant rubber 99

heat setting 137

heat stabilizer 320

heat treated 142

heat treatment 119

heavy aromatic residue oils 202

heavy crudes 399

heavy-duty truck treads 42

Hebei Jinshi Dacheng Chemical (China) 272

Hebi Rongxin Additives Co., Ltd. 270, 273, 276, 279,
282, 293, 296, 304, 308, 347

Hebiuhoo Rubber Chemicals Co., Ltd. 270, 273, 276,
283, 293, 296, 299, 302, 304, 308, 310, 313

Hefei Chemicals 461

held captive 376

hematite 28, 228

hemimorphite 27

Henan Jujin 299

Henan Kailun Chemical Co., Ltd. 270, 276, 279, 283,
285, 290, 293, 297, 308, 313, 331, 334, 347

404, 420, 422,

Henan Zhongyuan 461

Henry Wickham 23

HER 192,194, 376, 393, 412, 438, 441, 442, 482, 498,
504

herbicides 390, 395

Hercules Chemical 96

Hevea brasiliensis rubber tree 23, 43

Hevea natural rubber 9

hexa 151

hexadienes 358, 359, 447

hexafluoropropylene (HFP) 104-108

hexamethoxymethylmelamine 143,148, 210

hexamethylene diamine 123,125, 383, 417, 447, 448

hexamethylenetetramine (HMT) 143, 151, 210, 386,
446,448

hexamine 151

hexane 21

hexenes 358, 359

Hexion Specialty Chemicals 445

HFP 104,107,108

hide tanning 497

hiding power 225, 226

high abrasion furnace 203

high cis-polybutadiene rubber 54

high-density PE 437

higher temperatures 352

highly aromatic oil 232

highly refined paraffinic oils 238

highly saturated nitrile 80

high modulus 276

high molecular weight paraffins 352

high-octane gasoline 456

high-performance rayon fibers 132

high-performance treads 42

high shear mixing 160

high-surface-area magnesium oxide 319

high-temperature properties 189

high-temperature resistance 172

high-temperature service 179

high-tenacity rayon 132

high wet modulus 132

HIR 71

hindered phenols 339

HIP Petrohemija 51

Hissunny Chemical Ltd. (China)

H.L. Blachford 153

HMDA 399

HMMM 143,148,150, 386, 446, 461, 464, 526

HM Royal 221

HMT 143,148, 151, 448

HMTA 151

HNBR 8, 21, 65, 79, 80, 82, 375, 382, 383, 398, 399,
452,493, 494

Hoechst 139,148

Hoechst-Celanese 177

Holly Industries 265

275, 299
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Index

home furnishings 130

home textiles 127

homopolymer 53

Honeywell 126, 408, 409, 418

Honeywell Resins and Chemicals 125

Honeywell Specialty Chemicals (Germany)
500

Hong Kong Elite Industrial Group 216

hose 776,78, 81, 88,101, 116, 118, 127,139, 148, 250,
254

- covers 95

- products 137

hot air resistance 80

hot emulsion polymerization 46

hot melt adhesives 103, 359

hot melt pressure-sensitive adhesives 360

hot oil resistance 88

Houghton Chemical 396

housing 166, 528

- construction 505

- industry 440

HQEE 194, 437, 442, 454

H & R China (Ningbo) Co., Ltd.

HRH 144,148,150, 151, 212

HRH adhesion 376, 515

HRH adhesion systems
461,464, 526

HRH adhesion systems for rubber

HRH components 152

HRH rubber adhesion compounds 146

HRH rubber-to-metal adhesion systems 148, 464

HRH systems 143,152, 212, 498, 504, 509, 516

HSN 80

H & S Whiting 221

Hualian Group 135

Huangyan Zhedong Rubber Auxiliary 296, 334

408, 484,

233, 235, 238

143, 210, 386, 393, 446, 449,

386, 446

Huber Engineered Materials 221, 369
hues 228

humectant 401, 441

humidity 354

Hummel Croton 448, 511, 532

Hummel Croton Miliau Inc. 533

Hung Pai Chemical Co. Ltd. 216

Huntsman Corporation 57,187, 398, 416, 489, 494, 531

Huntsman (Germany) 438

Huntsman (Netherlands) 431

Hurricanes Rita 57

Hutchinson 5

Hwa Fong Rubber Ind. Co. 4

HWM rayon 132

hydrated alumina 369

hydrated aluminum oxide 369

hydrated magnesium silicate 222

hydrated precipitated silica 144,145, 210, 212

hydrated silica, resorcinol-based resin, and hexa-
methoxymethylmelamine 143

hydrating 495

hydration 227

hydraulic fluids 402, 484, 491, 496

hydraulic fracturing 21, 53, 57, 77, 90, 142,169, 398
hydrazine 361, 386, 412, 449, 505, 506
hydrocarbon resin 358

hydrocarbon tackifiers 359

hydrochloric acid 344, 366, 450

hydrocracking process 236

hydrofluoric acid 453

hydrogen 21, 81, 284, 416, 417, 450, 451, 464
hydrogenated 377,406

- acrylonitrile butadiene rubber 80

- NBR 80

- nitrile rubber (HNBR) 65, 79, 80, 382
hydrogenation 39, 262, 278, 389, 400, 431, 453, 493
hydrogen chloride 380, 389

hydrogen fluoride 30, 106, 381, 452

hydrogen peroxide 322, 350, 453, 516

hydrogen sulfide 26,108, 263

hydrogen welding 452

hydrolysis 183, 191, 213, 401

- attack 183

- resistance 187

hydrolyze 217

hydrolyzed 501, 527

hydroquinone 194, 350, 389, 390, 442, 454, 497
hydroquinone bis-(beta-hydroxyethyl) ether 194
hydroquinone di-(2-hydroxyethyl) ether (HQEE) 194
Hydro Technologies 260

hydrotreatment 232, 234

hydrous aluminum silicate 218

hydroxyl amine neutral sulfate 42
hydroxylamine sulfate 408

hydroxyl groups 181,184

hygroscopic agent 496

hypochlorous acid 437, 451

Hyundai 78

i88PD 348, 349, 474

Ibena Shanghai Technical Textiles 117

ICC Chemical Corp. 499

ICC Chemical Corp. (USA) 383, 392, 406, 410, 415,
418, 432, 450, 477, 479, 488

ICl 127, 347

IFC North America 479

IG Farbenindustrie 179

IR 65, 375, 388, 457, 459, 493 - 495, 523

IR/PP 169

- thermoplastic vulcanizate 459
lISRP 54

iimenite (mineral) 38, 225

IM 66

impact-modified polypropylene 161



impact modifier in plastics 56

impact modifiers 162

impingement abrasion resistance 187

improve octane rating 521

Inchem Chemiehandel (Germany) 447

incomplete combustion 202

Indian Petrochemicals Corp. Ltd. (India) 55

indigo 488

indirect 259

Indspec 139,148

INDSPEC Chemical 139,147, 509

industrial chemicals 393

industrial hose 45

industrial solvent 404, 413

inelastic demand 265

INEOS 145, 211, 379, 381, 442, 489, 494, 512

INEOS Koln GmbH (Germany) 388

INEOS Olefins and Polymers 398, 489

INEOS Oxide 441

INEOS Phenol 415, 479

inexpensive binders 51

inexpensive colorants 228

inexpensive filler 220

inexpensive plasticizer 250

Infine Chemicals Limited (China) 385, 421, 481, 529

inhibitors 257, 287, 311, 474

injection molding 126

inks 212, 236, 444

inland lakes 320

innerliner 75,156, 174

- compound 72

Innova (Tian Jin) Chemical Co. 211

inorganic chemicals 451

inorganic colorants 227

Inoue Rubber Co. 4

Insa Gpro 78

INSA, LLC 77

insecticide 273, 299, 403, 405, 415, 423, 425, 439,
517, 531

- carriers 236, 238

- synthesis 514

insoluble sulfur 266 - 268, 514

Institute of Synthetic Rubber Producers 54

insulating tape 130

insulation 101, 431

- for cables 95

interior 162

intermediate 451

- feedstocks 375, 376

intermediate SAF 203

International Sulfur 265

Interquisa (Canada and Spain) 518

Intertex World Resources 49, 260

intrinsic tack 354

Invista 129,130

Invista (USA) 518

jodine value 81

IQA 442

IR 43,44, 375, 388, 494

iron 227,365, 455

iron bromide 502

iron (Ill) oxide 227

ironore 28,135, 228

iron oxide 227

- pigments 228

ironred 228

ISAF 203

SO 1629 100

isobutene 275

isobutylene 67, 74,170,174, 338 - 340, 375, 455,
456

isobutylene-isoprene rubber 457
isobutylene monomer 456
isobutylenepara-methyl styrene rubber 65
I[sochem 482

isocyanate 137,142,180, 184, 188, 458, 482
isocyanate-terminated prepolymer 179 -181,184, 458,
522, 525

isodecanol 244

isodecyl alcohol 244

isooctane 456

isoprene 68,157,171, 358, 359, 375, 388, 458, 494
isoprene monomer 459

isopropyl alcohol 459

isopropylphenol 460, 480, 484

ISP Elastomers 49

lvanhoe Industries 383, 499, 525

J

Jai Radhe Sales (India) 390

Japan Butyl Co 68

JH Products 482

Jiangsu Guoli Chemical 150

JiangSu XingDa Steel Tyre Cord Group 136

Jiangxi Blackcat 205

Jiangxi Hongrun Chemical Co., Ltd. 95

Jiangxi Kaili Chemical Industry Co. 276, 279, 282,
293, 296

Jiangyin Bekaert 135

Jihua Group (China) 381

Jinan Ever Growing Rubber Additive Co. 150, 152, 216,
270

Jinan Haohua Industry Co. (China) 250, 252, 254,
391,404, 406, 407, 424, 459, 479

Jinan Ruibo Chemicals Co., Ltd. 342

Jincheng Tiancheng Chemical Co. 272, 276, 279, 282,
293, 296

Jingzhou Jianghan Fine Chemical Co. Ltd. 216

Jinhija Zinc Oxide Factory (Hanshan County, Anhui
Province, China) 260

J.K. Industries Ltd 3
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Index

J & L Industrial Supply 421

JM Huber Corp. 145, 211, 218

JSC Belshina Belarus Tyre Works 3
JSC Dneproshina 4

JSL Chemical 479

JSR Corp. 45, 50, 55, 68, 72,78
JTR Chemical 427

Junma Chemicals 461

Junwee Chemical (China) 421

J.V. Matador-Omskshina 4

K

kaolin 218

kaolin clay 32, 217, 218

kaolinite 218

Karbochem Division of Sentrachem 51
Kauchuk Co. 44, 51

Kawaguchi 272, 278, 292, 295, 298, 301, 303, 306,

308

KD Feddersen (Germany) 476

Keloth Oleochem Pvt. Ltd. 250

Kemai Chemical Co. 273, 276, 279, 285, 293, 296,
308, 331

Kemitura Group (Denmark) 214

Kemlink (USA) 491

Kenda Rubber Industrial Co. 3

Kerman Tire and Rubber Co. 4

Kessler Chemical (USA) 479

Kevlar 115

key monomer 375

Keyser & Mackay CV (Belgium) 491

Khorasan Chemical 461

KIC Chemical 478

kicker 291, 297, 306, 309, 310

Kimlink Chemical 432

Kinbester Co. Ltd. (China)
508, 516

King Industries 338

King Tang Chemical (China) 429

Kinugawa Rubber Co. 6

Kolbe reaction 507

Koppers 486

Korea Fine Chemical 522

Korfez Petrochemicals 50

Kowa American (USA) 529

Kraemer & Martin GmbH (Germany)
478

Kraft Chemical 408, 511, 532

kraft paper manufacturing 509

Krahn Chemie GmbH (Germany)

Kraton D Series 159

Kraton G Series 159

Kraton Polymers LLC 49, 159

Kumho 77,347

Kumho Petro Chemical

405, 410, 420, 438, 488,

425,454, 472,

275, 394, 405, 462

50, 56

Kumho (South Korea) 431
Kumho Tire Co. 3

L
labyrinths 8
lacquer 380, 463

LAir Liquide Belge (Belgium) 456

laminated automotive safety glass 527

laminated timber 148

laminated timber and beams 139

Landaise 269, 272, 279, 282, 292, 295, 298, 301, 303,
306, 308

Lansco Colors 223

Lanxess 55, 57, 59, 61, 62, 67, 68,72, 77,79, 81, 82,
90, 91,103, 272, 275, 279, 282, 292, 296, 299, 301,
304, 308, 313, 336, 338, 340, 347, 448, 449, 457,
462,484, 488, 516, 522, 525

Laporte 323

lard 37, 38

large belts 7

larger particle size carbon blacks 202

latex 25, 78,137,139, 399, 488

- preservative 387

- products 9

lauric acid 263

LCY Corp. 159

Leap Labchem (China) 472

leather 365, 366, 497

- tanning 408, 461

legal ban 231

Leuna Tenside (Germany) 368

Lewis acid 510

LG Chemical 50, 55, 206

Lianlian Chemicals Co. (China) 270, 273, 276, 280,
283, 290, 293, 296, 302, 309, 310

Liaoning Tianyuan Industrial and Trade Co. Ltd. 391

Liaoning Tyres Group Co. 4

light belts 7

light burned grades 319

light color 238

lighter crudes 399

light fastness 228

lightin color 236

like dissolves like 243

limestone 35,121,135, 220, 221

linear alcohols 437

linear density 119

linear low-density PE 437

Linkwell Rubber Chemicals Co. (China) 272, 275, 279,
282, 290, 293, 296, 299, 301, 304, 308, 310, 331,
347

linnaeite 34

linoleum 219

linseed oil 39

Linyi Aosen Chemical Co. 103



Lion Copolymer 49, 62, 362, 364

liquefied natural gas 21

liquid isocyanate-terminated prepolymer 189
liquid petroleum 494

liquid RF resin 498, 504

liquid silicone rubber 8,110

lithium 54

Liyang Heng Rui Co.
296, 308, 332

LLDPE (linear low-density PE) 437

LNG 21

Loadsar Pvt. Ltd./Solideal Co. 4

Loos & Dilwarth 356

Lord Corp. 6

Louisiana Pigment 225

low-density PE 437

low molecular weight paraffins 352

low surface activity 137

low-temperature 250, 352

- flexibility 99,101,107

- impact properties 160

- lubricants 500

- performance 107

- properties 79, 98-100, 181,184, 243, 246, 248,
250, 383, 444, 487,492, 499

- resistance 187

low-VOC 217

low-volatility bituminous coal 226

LSR 8,110

lube oil additives 444

lubricant additives 426

lubricants 339, 384, 405, 407, 466, 496, 500

- for textile 439

lubricating oils 238, 273, 320, 415

lubricity characteristics 223

Lukoil 442

Lukoil Bulgaria 50

Lukoil Neftochim 50, 512

Luxco Wax 511

Luzenac 371, 395

Luzenac America 223

Lyondell Chemical 225, 400, 435, 495, 496, 512, 522,
526

270, 273, 276, 280, 283, 293,

M

Magna Kron 511
magnesia 319
magnesium 30, 121
chloride 319, 320
- hydroxide 319
oxide 319

salts 320
magnetite 28

mag oxide 319
malachite 27

maleic anhydride 400

Mallinckrodt Chemicals 390

Malvern Minerals 225

manganese 35,135

manufacture carbon black 202

manufactured iron oxides 228

manufacture of gasoline 232

Marangoni, S.p.A. 4

Marathon Ashland 232

Mark IV Industries 5

mars brown 228

mars red 228

Martin Marietta Magnesia Specialties 320

Marubeni Europe PLC 364

masterbatches 492

masterbatches with polyvinyl chloride 382

Matador AS 3

mattresses 370, 522

Mazhar Tanrikulu (Turkey) 260

MBCA 197,198

MBOCA 198

MBS 280, 281, 375, 376, 410, 442, 462, 463, 504,
514

- accelerator 386, 443, 471, 506

MBSS 285, 286, 287

- rubber accelerator 471

MBT 275, 278, 282, 284, 291, 292, 294, 389, 410, 462,
463, 504, 514

- feedstock 295

- rubber accelerator 504

MBTS 282, 287, 294, 295, 297, 375, 394, 410, 411, 462,
471,504, 505

- accelerator 376, 506

MDI  185-189, 192,194, 375, 389, 412, 430, 431, 434,
446,458, 475, 482

- based prepolymer 194

- capacity 431

- terminated prepolymers 189,190, 192, 431

mechanically blend 160

medical applications 101, 466

medical examination gloves 9

Medium Thermal 207

MEK 467

melamine 149, 386, 461, 526

- formaldehyde resins 446

- formaldehyde thermoset composites 461

- production 461

melt adhesives 156

melting 159

- point 194

mercaptobenzothiazole (MBT)
389, 462

mercaptopropyltrimethoxysilane 216

mercaptosilanes 216

merchant market 450, 486

Merck 320

282, 284, 291, 375,



Merck NV Specialty Chemicals (Belgium) 403

Merck Schuchardt OHG (Germany) 423, 433, 470

Meryer Chemical (Shanghai) 287

MES 233, 234

mesh 263

mesityl oxide 379, 416, 460, 462, 468

metal cleaning 451

metal composites 455

metal cutting 381

metallocene 160

- catalyzed polyethylene 160

- ethylene elastomer TPOs 160

metallurgical grade of coke 134

metallurgy 396, 452, 500

metal oxides 258

metal part cleaning 380

metal polishes 475

metals 512

metal working fluids 368

methacrylate esters 444

methane 21,132,164, 271, 292, 298, 301, 303, 305,
310, 375, 463, 514

methanol 21,102,138, 191, 271, 298, 303, 325, 380,
386, 439, 464

methyl acrylate 87, 99,100, 380, 406, 439, 464, 465,
493

methyl alcohol 464

methyl bromide 397

methyl chloride 466, 500, 501

methyl chlorosilane 466

methylene backbone 79

methylene-bis(3-chloro-4-aminobenzene) 198

methylene-bis-methylbutyl phenol (0-MBp14) 339,
340, 456, 516

methylene-bis-o-chloroaniline (MBCA) 197,198

methylene donor 143,148,150, 152, 386, 446, 449,
461,464, 526

- curing agent 446

methylethyl ketone 467

methyl isobutyl ketone (MIBK) 344, 346, 468

methyl methacrylate (MMA) 380

methylol-terminated p-alkyl-substituted phenol
formaldehyde curing resin 165, 324, 325

methylol-terminated phenol-formaldehyde resin
curative 163

methylol-terminated p-tert-octyl-substituted phenol
446, 477

methyl phenol 456, 469

methyl silicone rubber or methyl polysiloxane 111

Metro Tyres Ltd. 4

Metzeler Automotive Profile Systems 6

Mexicanos 518

M.F. Cachat 290, 362, 364

MgO 319, 320

MIBK 379, 416, 460, 463, 468

Michelin 3, 50, 52, 57

Michelin et Cie 55

microcrystalline waxes 352

Micro SA 304, 306

mid blocks 156

mild extracted solvates (MES) 234

military footwear 78

military tank pads 51

Miljac Inc. 385, 396, 408, 427

millable gum 179

millable polyurethanes 175

Millennium Chemical 378

Milliken Chemical Specialty Elastomers 49

Mineral King 534

Mineral-Pigment Solutions 223, 369

mineral rutile 224

Minerals of California 534

mining belts 136

mining conveyor belts 134

missile fuel 427, 452

Mississippi Lime 221

Mitsi 166

Mitsubishi 400

Mitsubishi Chemical Corp 50

Mitsuboshi Belting Ltd 6

Mitsui Chemicals 522

Mitsui & Co. Europe (UK) 459

mixed fatty acids 262

mixed ketone 468

mixed olefin 358

mixtures 352

mixtures of olefin and diolefin 359

MLPC International (France) 275

Mobile Rosin Oil Company 240

MOCA 197,198, 458

modal 132

modulus 117, 119,122,133, 203, 276, 304, 311, 316

Mohawk Industries 129

moisture absorption 130

molded rubber goods 8

molding 159,198

- cycles 155,166

- resins 441,443

Momentive Performance 112, 217, 466

Momentum Technologies 49

monochlorobenzene 412

monoethylene glycol 443

monomer 425, 434,437, 439, 440, 445, 464, 512,
518, 529

monomeric diisocyanates 184

mono-octylated diphenylamine 337

Monsanto 163, 311, 313

Mooney viscosity 44, 49, 55, 61, 68, 72,77, 81, 93, 95,
98

MOR 281

morpholine 268, 269, 280 - 282, 286, 386, 442, 470,
506, 517



morpholinobenzothiazylsulfenamide 281
Morre TEC Industries 492

Morse Chemical 511

mothballs 471

motorcycle 4

motor mounts 8, 42

MPTES 216

MPTMS 216

MQ (silicone rubber) 65, 111, 423, 466, 500, 501
MRF Ltd. 3

MT 207

Mytex Polymers 162

N

N-1,3-dimethylbutyl-N'-phenyl-p-phenylene diamine
(6PPD) 343-345

N100 Series 203

N200 Series 203

N300 Series 203

N400 Series 203

N500 Series 203

N600 Series 203

N700 Series 203

N800 Series 207

N90O Series 207

NaDEC 425

NaDMC 427,503, 504

Naftan 531

NaMBT 274, 282, 506

Nanjing Datang Chemical Co., Ltd. 340

Nanjing King-Pharm (China) 429

Nanjing Longyan Chemical (China) 479

Nanjing Union Rubber and Chemical Co., Ltd.
(Nurchem) 290, 306, 334, 347

Nanjing Youhao Chemical Auxiliary 216, 252

Nankang Rubber Tire Corp. 3

Nantex 78

Nan Ya Plastics 129,130

Naphtachimie 494

naphtha 77,141,202, 436, 494

naphtha (C8) streams 531

naphtha feedstocks 89,168, 520

naphtha gas 397

- oil 77,141,168

naphthalene 242, 316, 335, 342, 471, 473

naphthenic crude petroleum 235

naphthenic crudes 234

naphthenic extender oil 235

naphthenic oil 233, 235

naphthenic process oil 234, 235

- costs 234

naphthol 472

naphthylamine 472, 473, 476

National Lime & Stone Co. 221

Natrochem 360

natural gas 20, 62, 89,142,168, 191, 201, 202, 206,
207, 263, 264, 397, 436, 451, 463

- equivalent 20

- reserves 22

natural iron oxide 228

natural red oxide 228

natural rubber 5, 23, 41

- based compounds 235

- latex 25,137,139, 386

- production output 24

natural silica 210, 213, 503

NBR 21,75, 76, 80-82, 254, 263, 375, 382, 383, 386,
399, 411, 437, 440, 487, 492 - 495

- elastomer 398

NBR/PP thermoplastic vulcanizate (TPV) 167, 382,
386, 399, 495

NBR production 398

NBR/PVC blend 83

NBR/PVC fluxed masterbatch 399

NBR/PVC masterbatch 83, 398, 492, 495

- blends 386

n-butane feedstock 467

n-butanol 377, 401

n-butyl acrylate 402, 404

n-butyraldehyde 196, 405

N-cyclohexyl-2-benzothiazole sulfenamide 277, 278

N-(cyclohexylthio) phthalimide 312

Neftekhim 398, 442

Neftochim 442

Neochem Corp. 336, 426, 429

neodymium 54

neoprene 65, 89,139, 319, 320, 325, 386, 439, 440

- grade 319

- latex 137,139

- rubber 412

Neoprene W 318

Neuchem Inc. 383

Neuchem (USA) 525

Neville Chemical 359

New Balance Athletic Shoe 5

New Generation Yarn 129

new synthesis routes 482

Nexen Tire Corp. 3

NICEST Carbon Black 205

nickel 35, 54

- catalyst 262

Nie Process Oils (India) 238

Niknam Chemicals Pvt. 370

Ningbo Actmix Polymer Co. Ltd. 306, 313, 364

Nippon Polyurethane (Japan) 431

Nippon Zeon 44, 51, 55

Nishikawa Rubber Co. 6

Nisseki Chemical Texas 445

nitration 335, 349

nitric acid 473

Nitriflex 77,142



Nitriflex SA 50

nitrile-based TPV 167

nitrile butadiene rubber 76

nitrile/PVC polyblends 83

nitrile rubber (NBR) 21, 75, 76,167,168, 437, 492, 528

nitrile rubber/polyvinyl chloride blend 83

Nitrilo 77

nitroaniline 116, 474

nitrobenzene 185, 307, 346, 375, 389, 393, 431, 475,
521

nitrocellulose 387, 464

nitrogen adsorption surface area 203

nitronaphthalene 471, 473, 476

Nitron Chemical Corp. 385, 525

nitrosamine 268, 274, 277, 280, 300, 386, 443

- fumes 270

- gases 286, 297

- generation 287

- generator 271, 273

nitrous oxide 408

Nizhnekamsk Carbon 205

Nizhnekamskneftekhim 44, 51, 56, 68, 398, 442,
512

Nizhnekamskneftekhim Scandinavia (Finland) 459

Nizhnekamskshina 3

N-N'-bis(1-methylheptyl)-p-phenylene diamine
(i88PD) 348, 349

N,N'-di-beta-naphthyl-p-phenylene diamine
(DNPD) 341

N,N'-dicyclohexyl-2-benzothiazole sulfenamide 283,
284

N,N'-di-ortho-tolylguanidine 310

N,N'-diphenylguanidine 307

N,N'-diphenyl-p-phenylene diamine 350

N,N'-ethylenethiourea 289

N-nitrosodiphenylamine 344

“N” numbers 203

Noah Chemical 392

NOBS 281

Nocil Limited (India) 301, 304

n-octanol 476

NOK Inc 5

Noklan Tyres PLC 3

nonene 244, 245

nonferrous alloys 500

nonheat-reactive phenolic resins 355

nonheat-reactive phenolic tackifiers 446

nonheat-reactive phenyl formaldehyde tackifying
resins 477

nonheat-reactive resins 354

nonionic surfactants 477, 496

nonpolar 236

- elastomers 238

nonstaining 339

- antioxidant 456

nonstaining AO 340, 343, 516

nonstaining hindered phenols 339

nonsulfur substitutes 265

nonsulfur vulcanizing agents 265

nontire applications 41

nontire sector 23

nonwoven products 134

nonylphenol 480

NOVA Specialty Chemicals 247, 250, 252, 254, 435,
512

Novokuibyshevsk Petrochemical 398

novolac phenol formaldehyde resins 150, 152

novolac phenolic resins 386, 449

N-oxydiethylene-2-benzothiazole sulfenamide 281

N-Phenyl-alpha-naphthylamine 335

NR 139

NR/BR compound blends 42

NR/SBR compound blends 42

NSTU Chemicals Hangzhou (China) 385, 404, 422,
423, 520

N-t-butyl-2-benzothiazole sulfenamide 274

Nurchem 279, 331

NXT 217

nylon 122,137,172, 498

nylon-6 123,124,172, 409, 417, 456, 465, 522

nylon-6,6 122,123, 417

- fiber 383,448

- production 383

nylon-6 fiber for tire cord 418

nylon carbon fiber composites 417

Nylon Corporation of America 125

nylon growth 417

nylon (polyamide) 172

nylon tire cord 383

Nynas 235

Nynas (China) 238

o

Oakite /Chemetall GmbH 272, 295, 301, 303, 308
OAO Polief (Russia) 518

OAPEC 16

OBSH 362, 364

OBTS 281

Occidental Chemical 411, 440, 450, 466, 504
ocean water 319

octane rating 521

octanol 476

octyl alcohol 476

octylated diphenylamine (8DPA) 337, 389, 456
octylated diphenylamine antioxidant 390, 426, 430
octyl phenol 355, 477, 480

odor 216, 323

ODP 337

ODPA 337

off-the-road (OTR) tires 126, 137,145, 212
o-hydroxybenzoic acid 318



oil demand 19

oil dewaxing 467

oil drilling applications 76,108

oil drilling operations 110

oil exposure 111

oil rate 202

oil recovery 382, 510

- operations 508

oil resistance 65, 76, 82, 96, 98,100, 101,108, 109,
166,167,181, 437,492, 528

- combination 109

oil-resistant elastomers 243

oil seals 88

oil shale 18

oil spills 445

oil supply 16

oil treatment 266

ointments 512, 533

oixidation 191

Okamoto Industries 6

Old Bridge Chemicals 534
olefin and diolefin feedstocks 359
olefin feedstocks 355, 357
olefins 202, 358, 480

oleic acid 251, 261-263, 478
oleum 408

oligomerization 329

- process 245

oligomer resins 355

Olin Chlor-Alkali 514

olive oil 39

Olympic Chemical 509
0-MBp14 339, 340

Omnova Solutions, Inc. 49,142
Omsk 51

Omsk Kauchuk 50
Omsktechuglerod 205

OMYA, Inc. 221

ONDEO Nalco 145, 211

one shot 181

on purpose cracking units 142, 398
opacifying agent 366

opacity 226

organic acid 241, 317

- anhydride 316

organic peroxide 321
Organization of Arab Petroleum Exporting Countries
16

organosilane 217, 306

- coupling agent 215

Orica (Australia) 368

O-rings 7

Orion engineered carbons 204 -206
Orlen 442,531
ortho-chloroaniline 198

ortho-, meta-, and para-xylenes 531

ortho-toluidine 410

ortho-tolylguanindine (DOTG) 309

ortho-tolyl thiourea 410

ortho-xylene 317,486, 531

o-toluidine emissions 309

o-toluidine (ortho-toluidine) 522

OTR (off the road) tires 4

Ouchi Shinko 272, 279, 292, 295, 299, 301, 303, 308,
347

outdoor applications 529

Oxeno, Polimeri Europa 398

oxidation 95,184, 227, 350, 401, 408, 416, 442, 467

oxidative aging 88

oxidative degradation 329

oxidative protection characteristics 349, 352

oxidizing agent 505, 507

oxo alcohols 495

Oxochimie (France) 405

Oxy 41

oxygen 329

o-xylene 242

OxyMar 440, 527

OxyVinyls 440, 491, 527

ozone 88, 329, 343, 350, 352

- attack 80, 343, 352, 353

- protection 348, 349

P

packaging industries 431

packers 8

PAH 231,233, 414

paint industry 225

paints 205, 219, 222, 368, 425, 444, 454, 522
p-alkyl phenol 288, 340, 384, 517
Palmetto Synthetics 129
palmitic acid 261

palm kernel oil 39

palm kernels 263

PAN 119, 335, 382, 471, 473, 476
PANA 335

PAN antioxidant 389, 473

pants 130

paper 212, 353, 378, 505, 506, 508
- and pulp process 238

- board 509

- coatings 370, 461, 466, 513

- industry 217, 225, 432, 510, 527
- manufacture 219, 408, 510, 514
- treatment 471,530
para-alkylphenol 393
para-aramid 116, 118, 120

paracril 76

paraffinic-based crude oil 353
paraffinic crude petroleum 237
paraffinic extender oil 237



568 Index

paraffinic oil 164, 236, 237

- production 232

paraffinic process oil 237, 238
paraffin wax 353, 367

- blend 353

para-methyl phenol 339, 340, 456
para-methylstyrene 74,174
para-nitroaniline 349

para-octyl phenol 325
paraphenylene diamine 116, 341, 342, 428, 481
paraphenylene diamine antiozonants 348
para position 355
para-t-butylphenol 405
para-tert-octyl phenol 355
para-t-octyl phenol 355, 426
para-xylenes 531

Parchem 247, 336, 474, 484, 488
Parker Hannifin Corp. 5

particle board 446

particle size 202, 206, 207, 369
passenger tires 4,137
passenger tire treads 42

patent 311

P.A.T. Products 368

PBNA 334

PBT 401

PC 480

p-dodecylphenol 480

peanut oil 39

pedals 166

Pekim 56

PEN 127,128

Pennsylvania 234

pentadiene 358, 359
pentaerythritol 377

pentane 21

pentapolymer 104

pentenes 358, 359

peracetic acid 377
perfluorinated monomer 109
perfluorinated polymethylene rubber 109
perfluoroalkoxy groups 108,109
perfluoroalkyl 108,109
perfluorocarbon elastomer 65,109
perfluoroelastomer 65,109
perfluoromethylvinylether (PMVE) 104,105, 107,109
perfluororubber 109
Performance Fibers 129

Perl Pigments 260

permanence 243

perovskite 38

peroxide 265, 320, 322

- crosslinker 163

- curatives 101, 258, 393, 453, 516
- cure system 61

peroxy chemicals 454

Perstorp 445

persulfuric acid 516

pesticide propellants 427

pesticides 425, 430, 485, 523

PET 127,128, 428, 518

- fibers 130, 428, 441-443, 518, 531

Petkim 51

Petkim (Turkey) 518

Petrobras Energia 51

Petrochemical (China) 381, 420

Petrochemical Iran 51

Petrochina 50, 55, 78

Petroflex 50, 56

Petrogal (Portugal) 520

petroleum 316, 393, 480, 492

- applications 104

- cracking 355, 357
- unit 203

- oil 359

- products 414

- refining 514

- reforming 451

- wax 353,530

pewter 519

PF 354

Pfaltz and Bauer 413

PF curing resin 326

PFR 109

PF tackifier resin 355, 405

PG 495

pharmaceuticals 390, 430, 435, 438, 507, 509, 512,
526, 531, 533

- synthesis 529

Pharmasi Chemicals (China) 390

phenol 124, 307, 318, 340, 355, 357, 372, 375, 379,
393, 408, 416, 418, 426, 480

- tackifying resin 406

phenolate 318

phenol disulfide accelerator 384

phenol formaldehyde curing resins 324, 446

phenol formaldehyde molding resins 446

phenol formaldehyde (PF) resins 150, 152, 354, 355,
358, 445,446

phenol formaldehyde tackifying resins 354 - 356,
480

phenolic

- curative 165

- curing resin 164, 325

- resins 326, 480

- resins to harden 449

- rubber tackifying resins 426

- tackifiers 240, 446

- tackifying resin 456, 480

phenolphthalein 317

phenyl-alpha-naphthylamine (PAN) 334, 335

phenyl-beta-naphthylamine 334



phenylenediamine 353, 472, 476, 481, 482

phenylformic acid 315

phenylmethyl silicone rubber or phenylmethyl
polysiloxane 111

phenylvinylmethyl silicone rubber or phenylvinylmethyl
polysiloxane 111

PHH Monomers 527

phosgene 192, 412, 422, 431, 441, 482

phosphate 36

- plasticizers 35, 36

- rock 30,35

phosphate plasticizers 372, 480, 484

phosphoric acid 483

phosphorus 483

- compounds 483

- oxychloride 460, 483-485

- pentoxide 483, 484

- trichloride 485

photochemistry 397

photocopier toner 205

photocopying process 260

photographic developer 454

photographic development 482

photography 387, 497, 502, 503, 510

photovoltaic components 500

phthalate ester plasticizers 486, 492, 531

phthalate plasticizers 82, 241-243, 246, 317, 486

phthalic anhydride 241, 242, 244, 312, 315 - 317, 386,
471,486, 487, 531

phthalimide 312, 386, 420, 487

physical properties 260, 294, 370

physical property requirements 372

physical protective barrier 352

pickle stainless steel 453

pickling 451

pigments 487

pinene 36, 360

pine tars 36, 239

- from pine wood 239

pine trees 36, 360

Pinova 360

Pioneer 223

pipeline 376

piping 492

Pirelli 3

pitch 119

PKN 442, 531

PKN Orlen 520

plasters 407

plastic applications 245

plasticizer 240, 250, 368, 372, 376, 383, 402, 444,
478, 480, 484 - 486, 492, 499

- performance 372

plastics 120, 145, 212, 219, 222, 225, 228, 263, 320,
336, 339, 352, 365, 366, 397,402, 428, 435, 448,
489, 490, 518

plastics industry 243, 250, 323, 353, 362, 364, 370,
373, 380, 397, 399, 407, 412, 435, 437, 440, 444,
446, 461,484, 495, 513, 528

plastics production 446

platelet form of hydrated magnesium silicate
222

platelets 223

platinum 35

plywood 431,446

PMC Specialties 340, 356

p-methylphenol 469

p-methylstyrene 469

PMQ 65,111

PMS 74

PMVE 104,107

PNA 335

p-nitroaniline 474

p-nonylphenol 480

PO 496

p-octylphenol 477

polar compounds 232, 235, 237

polar minerals 223

polar plasticizer 243

polar specialty elastomers 531

Policyd 491

Polimeri 50, 55, 78, 512

Polimeri Europa 49, 59, 61, 494, 520, 531

Polimeros de Mexico 491

polishes 478, 512

polyacetal resins 446

polyacrylate-acrylic acid ester 87

polyacrylate rubber (ACM) 65, 87,172

poly (acrylic acid ester rubber) 87

polyacrylic rubber 87

polyacrylonitrile (PAN) 119, 382, 489, 494

polyamide 125

- block copolymers 177

- synthetic fibers 500

polybutadiene rubber 54,156

polybutylene terephthalate 401

polycarbonate 480, 482

- manufacturers 482

- resins 380, 482

Polychemn (China) 256, 288

Polychim 489

polychloroprene 65, 82, 88, 91, 258, 260, 289, 326,
380, 406

- rubber 89

polycizer DIDP 244

polycyclic aromatic 232

- content 232

- hydrocarbons 231, 233, 414
polyepichlorohydrin rubber 97
polyester 127,137,179,181, 442, 498
- cord 128

- fiber 127



- molding resins 531
- plasticizers 243

- polyols 182,189

- textiles 531

- tire cord 428, 442, 518, 531

- type polyols 188

polyether 179

- backbone 181

- polyols 187,189

polyether polyols 496

polyethylene (PE) 95, 411, 437

- naphthalate 127,128

- production 203

- resins 437

- terephthalate 127,128

polyisobutylene rubber 66

polyisoprene rubber 41,156

polymeric form of sulfur 266

polymeric plasticizer 383

polymeric sulfur 267

polymerization 358, 382, 406, 432, 436, 437, 440,
442,456, 459, 464, 465, 491, 494, 520

- inhibitor 343

- process 54

polymers 438

polynosic 132

polyols 176,179 -181,184, 188, 414, 429, 431, 437, 442,
451, 487, 490, 496, 522

PolyOne 491

poly-paraphenylene terephthalamide 116

polypropylene (PP) 161,163, 164, 167,169, 383, 398,
399, 433, 489, 510, 513

- glycol 414, 490, 496

- polyol 183

polystyrene 156, 435, 490, 493, 513

polyterpene 36

- resins 359

- tackifiers 360

polytetrafluoroethylene (plastic) 518

polytetramethylene ether glycol 183, 400

polyurethane 179, 375, 389, 400, 402, 412, 414, 417,
441,443, 446, 454, 482, 487, 491, 496, 498, 525

- applications 442, 451

- chemistry 431

- curing 482

- elastomer cures 421

- elastomers 179, 389, 400, 415, 422, 429, 431, 434,
437,441,442, 446, 464, 475, 504, 522

- elastomer systems 438

- ether-type backbones 183

- foam 186, 431

- rubber 381,383, 393

- systems 187

- technology 521

polyvinyl

- acetate (PVA) 527

- alcohol 527

- butyral 464, 527

- chloride (PVC) 82,156, 243, 398, 490, 491, 495

- compounds 160

- plastic 528

- production 505

- resin 411, 440

polyvinyl fluoride film 529

polyvinylidene chloride 440

pond linings 95

poorer fuel economy 216

porcelain 396

porosity 261

potassium bromide 492

potassium peroxydisulfate 46

potassium pyrophosphate 46

pottery 219

pour-point depressor 405

powdered soapstone 222

power steering 101

- seals 82

power transmission belts 7,137

PP 163, 383, 398, 489, 495

PPD2 process 344

- for 4-aminodiphenylamine (4-ADPA) 384

PPDA 116, 342, 481

p,p'-diaminodiphenylmethane 185, 389, 421, 431

p,p'-dioctyl diphenylamine 337

PPG 440, 482, 504

PPG Industries (USA) 211, 410, 411, 523

p-phenylenediamine 472, 474, 476, 481, 482

p-phenylenediamine family 341

PP/IIR 388, 456

p,p'-oxybis(benzenesulfonyl) hydrazide (OBSH) 362,
363

PQ Corp. 145,211

Praxair Espana (Spain) 456

Precambrian deposits 28

precipitated calcium carbonate filler 407, 408

precipitated calcium carbonates 220

precipitated, hydrated, amorphous silica 29

precipitated hydrated silica 143, 144, 210, 216

precipitated silica 144, 210, 503, 508

predip 142

premature scorch 319

premature vulcanization 265

Premiere fibers 129

premium white colorant 224

prepolymers 429, 458, 496, 525

prereact the polyol with a designated diisocyanate
181

preservation 510

preservative 386, 507

Presidential Green Chemistry Challenge Alternative
Synthetic Pathways Award 344

pretreatment under tension 137



prevulcanization inhibitor 420

price 109, 376

- ceilings 263

- of oil 492

primary accelerator

primary amine 280

Primester 378

printing ink applications 467

printing rolls 196, 254

process 159,176

processability 231, 233

- improvements 243

processing 155

processing aid 516

- forrubber 530

processing oil 205, 255

process oil 201, 231, 234

Process Qils, Inc. 235

Prochimie International
310

Prochimie/Sovereign

Prodexim (UK) 214

production from acetylene 208

production of furnace carbon black 202

productivity 216

profit margin 243

propane 21,48, 60,106, 158, 159, 161, 164, 165, 170,
376, 381, 436, 493, 494

propanol 468

proprietary blend 239

propylene 58, 84, 89,104 -107, 141,157,159, 161, 164,
167,168,170, 184, 196, 202, 241, 244, 247, 249, 251,
321, 376, 381, 386, 393, 397, 412, 480, 490, 494, 495,
520

- glycol (PG) 183, 414, 495, 496

- oxide 183,400, 414, 495, 496

Proquitec Industria de Productos Quimicos S.A. 272,
298, 303

protective barrier 352

protective clothing 115

protective waxes 352, 353, 467

proved natural gas reserves 22

proven and unproven reserves 17

proven reserves of natural gas 22

p-tert-octyl phenol 477,480

P.T. Gajah Tunggal 3

PT Sentra 51

pulp and paper industry 515

pulp industry 505

PUR 179, 375, 376

- application 189

Puritan Products 459

PVA 378,527

PVB 378

PVC 82,156, 411, 412, 437, 440, 486, 491

- NBRblends 82

274,297

272,278, 279, 292, 295, 299,

282, 295, 301, 306, 308

- NBR masterbatch 528
- production 450

- resin 440

PVl 311

PVYMQ 65,111

PVOH 378

p-xylene 117,128
pyridines 377

pyrolysis 206, 208, 520
pyrolyzed 489, 494
pyrotechnics additive 507

Q

Qenos 50, 56

Qingdao Doublestar Industrial Co. 3

Qingdao E.S. Chemical Co. 351

Qingdao Huaheng Agent Subsidiary Factory 285

Qingdao Yellow Sea Rubber Co. Ltd. 4

Qingdao Yuzhong International Trading Co. 270

Qingdao Zhongjian Rubber Chemicals Co., Ltd. 267,
273, 276, 283, 293, 308, 313, 331, 347

Qingzhou Boro Carbon Black Co. Ltd 205

Qingzhou Honorsun Trade Co. 272

Qingzhoukunwei 285

Qingzhou Kunwei Industry and Trade Co., Ltd. 276,
279, 280, 282, 283, 285, 293, 296

Quad Chemical 525

Quechem Silicon Chemical Co. 211

quench cooling 266

quenching medium 266

quicklime 220, 408

Quimica Del Cinca (Spain) 368

quinoline 475

quinone 194, 497

Qujing Zhongyifine Chemical Industry Ltd. 205

R

radial shaft seals 8
radial tires 45
raffinate 480

rafts 95

Raj Petro Specialties
rapeseed oil 39
Raschig (Germany) 529
Raschig/Prochimie International 340
raw material costs 233

rayon 119,130, 132,136, 137, 376, 411, 498
- fibers 410, 463, 504, 509, 514 - 516

- tirecord 463

reaction injection molding 179

reaction of zinc oxide and stearic acid 261
reactive pendant group 108

reactive PF resins 150
reactor-produced TPOs

235, 238

160, 325



Rebo Lianyungang Rebo Chemical Co., Ltd. (China)
353

rebound 187

R.E. Carroll 233, 235

recipes 258, 261

recovered sulfur 263, 264, 515

recyclability 162

red 227,228

- dyes 474

- oxide of iron 228

reduce rolling resistance 145

reduce tire weight 118

reducing agent 449, 510

refinery gas 340

reformers 520

reforming 451

refractive index 225

refractories 219

refractory furnace 202

refrigerant 387, 399, 413

refrigeration 431

regenerated celluloses 132

reinforcement 428, 463

reinforcing agents 201, 214

reinforcing filler 500

reinforcing novolac phenol formaldehyde resins
152

reinforcing resins 445

release agents 466

reliability of the adhesion 153

Reliance Industries 50, 56, 68

Renkert Oil 233, 235, 238

Reppe process 190

reproductive toxins 241, 244

Repsol 512

Repsol YPF 398, 489

reserves of butane 142

residual acidity 255

resilience 176

resiliency 43, 88, 91,181

resin curatives 320

resin cures 258

resin production 460

resins 355, 438, 440, 480, 482

resistance properties 65

resistance to hydrogen sulfide 108

resistance to hydrolysis 181

resistance to ozone attack 95

resorcinol 137,139,143, 146, 148, 150, 152, 192, 375,
376, 393, 438, 498, 504, 509, 515, 516

- basedresin 210

- component 152

- formaldehyde resin (liquid) 137

- formaldehyde resin (solid) 146

resorcinol formaldehyde (RF) resin 138, 143, 146, 147,
393, 446

retarder 311, 314, 317, 318, 471, 480, 507, 521, 531

retards 255

reverts 266

RFL adhesive dips 435

RFL dipping procedure 142

RFL dips 136, 137,139, 376, 393, 398, 437, 446, 488,
498, 504, 509, 512, 516, 529

- for cord adhesion to rubber 464

- suspension 137

RF liquid resin 509, 515, 516

RF resin 139, 143,147,148, 393, 446, 464, 498, 504,
509, 515

Rhein Chemie Corp. 195, 265, 269, 272, 276, 279,
282, 290, 293, 296, 299, 301, 304, 308, 353, 364,
366

Rhodia 145, 211, 377, 415, 448, 484

Rhodiaco (Brazil) 518

rhombic 263, 264

rhombic crystalline 266

- form 263

- sulfur 266, 267

Rhone-Poulenc 112

Rianjin Okeyou International (China) 370

rice bran oil 39

Richman Chemical 415, 432, 488

ricinoleic acid 499

Riedl Pfleiderer process 322,453

rigid 179, 431, 446

- foam 389,431,522

RIM 179

Rio Tinto Borax 395

road construction 156

Robert Thurlow Vanderbilt 217

Robinson 301, 303

rocket propellants 443, 449, 507

Rohm and Haas (now Dow Chemical) 254, 402

Rokem Group (Shanghai) 269

Roland (Belgium) 506

Roland SA (Belgium) 448

rollers 10, 98,198

rolling resistance 46, 53, 55, 56, 145, 212, 216, 217, 306

rolls 196, 254

Ronas Chemicals 387

roofing 8

room temperature vulcanization 113

rosin 36, 239

- acids 239

- from pine wood 239

rosin oil 239, 240

- blend 239

rosin products 240

rotary seals 7

Royal Group Technologies 491

RTV 113

R.T. Vanderbilt 269, 278, 282, 287, 292, 301, 303,
306, 308, 310, 334, 338, 340, 342, 349, 351



Rubamin (India) 260

rubber

- accelerators 376, 389

bands 10

bladders 446

chemicals 375, 376, 393, 411, 452, 480
- compounds 213

- curatives 167

grade stearic acid 261, 262

industrial products 201

latex 137,139,142

- products 9

maker’s sulfur 263, 264, 266, 267, 515
- metal components 8

recipes 258

retarder 315-317

rollers 9

seals 78

- substitute 492

tiles 10

tree 23

rubber-to-brass adhesion 285

- coated steel cord adhesion 146

- coated steel tire cord adhesion 212

- plated steel tire cord adhesion 148,152
rubber-to-fabric adhesion 139, 499, 509
rubber-to-metal 145, 212

- adhesion 134, 212, 393, 519, 526, 532
- bonding 267, 461,464, 523

- steel tire cord adhesion 498

- tire cord adhesion 509
rubber-to-rayon bond 136
rubber-to-rubber adhesion 266, 267

rubber-to-textile adhesion 145, 212, 488, 515

rubber-to-textile cord adhesion 139
rubbery domains 156

Rubicon (USA) 187, 389, 431, 482
Ruger Chemical Co. 450, 454

rugs 127,130

Ruhr Oel GmbH (Germany) 415
rupture 352

Russian dandelion 25

rutile (mineral) 38, 225

S

Saar Gummi Group 6
Sabic 512

Sabic Europe 398, 489
Sabina Petrochemicals 398
Sadepan 445

SAF 203

safety glass 527

safety matches 483
safflower oil 39
Sainte-Claire Deville 31

salicylate esters 318

salicylic acid 317, 318, 480, 507

Saltex 508

salt in the oceans 320

salt of ethylenediamine-tetraacetic acid 46

salts of the thiurams 300

SAN 513

sand 121,144, 210

Sanmenxia Xiawei Chemical Co. 270, 273, 313

Sanshin 279, 282, 293, 296, 301, 304, 308

Santogard PVI 311

Santoprene 163

Saratovorgsintez (Russia) 381

Sartomer Company 49, 55, 359

Sasol 401, 442

Sasol Chemical Europe (UK) 434

Sasol Solvents 468

Sattva Chemical (USA) 407

saturated 235

- fatty acid 261

saturates 232

SBC 156,157,159

SBR 45, 47,139, 262, 263, 354, 375, 376, 393, 399,
433, 435, 437,493, 512

- from the emulsion polymerization process 47

- from the solution polymerization process 47

- production 398

- resins sometimes containing high styrene 49

- rubber 437

SBR 1000 Series 49

SBR1205 47

SBR 1500 Series 49

SBR 1600 Series 49

SBR 1700 Series 49

SBR 1800 Series 49

SBR 1900 Series 49

SBS (Styrene-Butadiene-Styrene) 156, 157,159,
376, 393, 399, 433, 435, 513, 521

SBS thermoplastic elastomers 398

SBVP 393, 399, 512

SBVPL 139,140, 141

SBVP latex 398, 435, 437, 488

SCl International 448

scorch 277, 319

- delay 294

- protection 324

- related problems 313

- resistance 299

- safety 274,276, 277, 283, 290, 306, 309, 313, 319,
325
- time 270, 273, 297, 311, 314, 319, 320

scorchy 265, 270

scrap rate 31

sealant 78

- compounding 233

- compounds 238



sealants 159,179, 368

sealcoating 414

sealing 108, 508

- compounds 236

- pressure 321

seals 7,78, 81, 98,101, 254

Searles Valley Mineral 395

seasalt 30

sebacates 243

sebacic acid 249, 499

sebacic acid, bis-(2-ethylhexyl) ester 248

SEBS (Styrene-Ethylene /Butylene-Styrene)
393, 399, 433, 435, 436, 513, 521

secondary accelerator 273, 291, 294, 297, 299, 304,
306, 309, 310

secondary amine 274, 386

secondary plasticizer 250

second monomer 437

sedimentation testing 218

seed disinfectant 273

Seeler Industries 450

Seiko Chemical 347

selenium 449

self-cleaning 225

semiconductor 110, 391, 483

- industry 500

semireinforcing 203

- furnace 203

- grades 202

Semperit AG 6

SEPS block-polymer thermoplastic elastomers
433

SEPS (Styrene-Ethylene /Propylene-Styrene) 157,
376, 393, 433, 435, 436, 494, 513, 521

sequester transition metal ions 439

Series N100 203

Series N40O 203

service conditions 352

service life 343

service-temperature range 166

sesame oil 39

set 492

severe hydrotreatment 232

Severgaz Prom Ltd. 207

sewage treatment 408

S.F. Sulfur Corp. 265

Shakespeare 125,129

shale oil 18

Shandong Chengshan Tire Co. 3

Shandong Ekesen Chemical Co. 334, 347

Shandong Huamao New Material Co. Ltd 56

Shandong Sunsine Chemical Co. 273, 276, 280, 283,
285, 296, 309, 313, 332, 347

Shandong Yanggu Huatai Chemical Co., Ltd. (China)
260, 275, 279, 293, 296, 301, 304, 308, 310

Shandong Zhongce Tyre Co. 4

157, 376,

Shandong Zoupling Kaiyuan Chemical & Stone Material
Co. 279,283, 285, 293, 308

Shanghai BASF 522

Shanghai Chemson Chemicals Co., Ltd. 270, 273,
276, 279, 285, 290, 293, 297, 299, 301, 304, 308,
332, 334, 347

Shanghai Chinaway Chemical 280, 293

Shanghai Jinghai Chemical Ltd. 267

Shanghai Mintchem Development (China)
510, 523

Shanghai Potomer International 93, 95, 322, 362

Shanghai Raise Chemical Technology Co., Ltd.
349

Shanghai Secco Petrochemical (China) 381

Shanghai Sinofluoro Scientific (China) 528

484, 485,

Shanghai Sunwise Chemical Co. (China) 250, 412,
438

Shanghai THC International Co., Ltd. 51, 56, 91, 260,
273

Shanghai Tyre and Rubber Co. 3

Shanghai Yaohua Nano-Tech Co. Ltd. 221

Shanghai Zanray Industrial Co. 117

Shanxi Fenghe Melamine 461

Shanxi Lixin Chemical Co. Ltd. 205

Shan Xi Provincial Institute of Chemical Industry 147,
288, 356

sheet 354

sheeting 250

sheet molding compound 122

Shell 159, 235, 242, 245, 247, 250, 479, 494, 520,
531

shellac 464

Shell Chemical

Shell Oil 238

Shen Hua Chemical 51

Shenyang Huachang Antimony Chemical Co. 391

Shenyang Sunnyjoint Chemical Co. 273, 276, 280,
283, 285, 290, 293, 296, 302, 309, 310, 332,
347

Shijiazhuang Liao (China) 262

Shin-Etsu 112

Shintech 491

shirts 130, 134

shoes 78, 512

- industry 159, 210

- soles 45

- soling 51

Shore A 160

Shore Chem 508

Shore D 160

shortages in hydrated precipitated silica 212

shortages of butadiene 141,169

short-term ozone protection 344, 349

SI 326, 356

Si 69 (TESPT) 217

Sibur  68,72,78, 442

379, 398, 415, 436, 442, 468



Sibur Khimprom 512

Sibur-Russkie Shiny 3

Sichuan 400

Sichuan Chemical 461

Sichuan Jinhua 461

Sichuan Meifeng Chemical 461

siderite 28

sidewalls 42,118

siding 492

Sid Richardson 205

Sl Group 356

silane 216

- coupling agents 212

- VPSi363 217

silanization 309

silanol 423

silica 29,144,145, 210, 216, 309, 500, 501, 503, 505,
508, 524

silicon 215, 466, 500

dioxide 121

metal 215, 500

oxygen backbone 1M1

tetrachloride 213, 376, 466, 500, 501, 524

silicone 466

- compounds 213, 214

- fluids 466

- gumstock 213

- production 423

- rubber 29, 65,110, 111, 423, 466, 500, 501
- compounds 524
- production 112

siloxy backbone 111

silver oxide 441

silver plating 387

Silverstone Corp. 4

Simagchem Corp. (China) 250, 275

single-ply roofing 8, 61, 95

Sinochem Pingyuan Chemical 461

Sino-Japan Chemical 252

Sinopec Corp. 45, 50, 51, 56, 61, 68

S| (Schenectady International) 326

SIS (Styrene-Isoprene-Styrene) 156, 157,159, 376,
388, 393, 433, 435, 494, 513, 521

sizing of textiles 508

skating rollers 198

SKFAB 6

ski boots 101

ski goggles 176

Slack Chemical Co. 385, 450

Slover 479

Slovnaft 442

slow cure rate 285

slower adhesion chemistry 285

smaltite 34

SMC 122

smithsonite 27

SN 44

soap 263,405, 478, 505, 512

- emulsions 263

soapstone 222

Socabu 68

Societe Tunisienne des Pneumatiques 4

sodium aluminate solution 505

sodium borate hydrate 394

sodium bromide 71, 412, 502

sodium carbonate 144, 210, 221, 502

sodium dibutyldithiocarbamate 410, 422, 505

sodium diethyldithiocarbamate 425

sodium dimethyldithiocarbamate (NaDMC) 427, 503,
504

sodium formaldehyde sulfoxylate 46

sodium hydrosulfite 515

sodium hydroxide 131,132, 144, 210, 282, 318, 412,
425,502, 504

sodium hypochlorite (NaOCI) 361, 386, 412, 505

sodium MBT 286, 376, 389, 403, 410, 411, 424, 462,
471, 506

sodium mercaptobenzothiazole 274, 506

sodium nitrate 507

sodium phenate 318, 480, 507

sodium phenolate 318, 507

sodium silicate 144, 210, 503, 505, 508

sodium sulfate 131,132, 508

sodium sulfite 509

soft carbon blacks 202

So.F.Ter. S.P.A. 166

softness ranges 160

soil sterilizer 496

Sojitz Corp. (USA) 426, 465

solar cell encapsulation 101

solder 391, 519

soldering fluxes 510

sole base elastomer 42

solid resorcinol formaldehyde resin = 143

solid RF resins 446

solid rocket propellants 430

solubility 350

- characteristics 343

- parameters (i.e., cohesive energy density) 82

solubilize zinc oxide 262

Solutia 163, 266 -268, 381

Solutia (Eastman Chemicals) 347, 349

solution polymerization 262

solution SBR rubber 512

Solvay Chemicals 453, 509

Solvay Engineered Polymers 166

Solvay process 502

Solvay Solexis 108, 110

solvent 401, 402, 438, 460, 463, 464, 467, 476

- extraction method 237

- extractions 480

Sonae 445



sour 263

- natural gas 26

- petroleum 26

sour natural gas 264

sour petroleum 264

South China Tire and Rubber Co. 3

Southeastern Clay Co. 219

Southern lonics 509

Sovereign Chemical Co. 262, 264, 269, 290, 310,
356, 364

soybean oil 39

spandex 401

- fibers 431

spark plug boots 95

specialty elastomers 65, 487

specialty filaments 129

specialty minerals 221

specialty polyurethane elastomers 186

Specialty Tires of America 4

specific gravity 226

Spectrum Chemicals and Lab (USA) 423

sphalerite 27, 259

spinning aliphatic polyamides 127

spiral hose 7

sponge 361

sponge rubber 361

- products 9

sports cars 120

sports equipment 120, 166, 238

sportswear 134

SRF 203

Sri Melamin Rejeki 461

SRM Limited (UK) 476

SRT 216

SSBR 47

SSL International PLC 6

stabilization of a char 371

stabilized amorphous sulfur 267

stabilized insoluble sulfur 266, 267, 514

stabilized polymeric sulfur 267

stabilizer 341

stable crosslinks 326

staining 339

stannic chloride 510, 519

stannous chloride 164,166, 510, 519

- activator 164,166

state of cure 263, 277

- of the compound itself 316

static conditions 353

Stauffer Chemical 266

steam cracking 141, 203, 397, 436, 520

stearates 263

stearic acid 37,152, 257, 258, 261-263, 511

stearin 37

steel 29,500

- belt 118,135

cable 134,136

cord 134

- manufacture 320

production 408

steel tire cord 5,122,134, 136, 455

- adhesion 152, 498

Stepan Chemical 486

stereospecific 58

Sterling Chemicals 378, 435, 486, 512

Sterlitamak Kauchuk 50

stibnite 365

stick 354

stiffness 118

Stockton 525

stoichiometry 284

storage batteries 391

strain-induced crystallization 43

strategic metals 35

strength 91,136, 176

stress relaxation 321

structural reinforcement 514

structure 206, 207

Struktol 359

styrene 46, 47,140, 141,157, 376, 398, 433, 435, 437,
512, 513, 521

styrene butadiene latex 399, 513

styrene butadiene rubber 41, 45, 47

styrene butadiene vinylpyridine 137

styrene butadiene vinylpyridine latex (SBVPL) 139,
140, 529

styrene butadiene vinylpyridine (terpolymer) latex
137

styrene monomer 493

styrene production 512

styrenic block copolymers 156, 157

styrenic block polymers 435

styrenic block thermoplastic elastomers 521

substitutes for aromatic oils 233

sulfate process 224

sulfenamide 419

- accelerator 282-284, 287

sulfonation 193, 516

sulfur 25,132,143, 255, 257, 258, 263 - 265, 267, 269,
271, 287, 292, 301, 376, 412, 463, 513, 515

- bloom 266, 267

- crosslinks 257, 262

- cured rubber 258

- cure systems 61, 258

- dioxide 95,133, 437, 514

- donor 258, 268, 270, 271, 273, 412, 442, 470, 517

- for vulcanization 257

- monochloride 255, 268, 269, 412, 470, 514, 516

- vapor 298, 303, 305, 310

sulfuric acid 116, 131-133, 265, 408, 452, 514, 515

sulfuryl chloride 95

Sumika Bayer (Japan) 431,489



Sumitomo 272, 275, 279, 282, 296, 299, 301, 304,
306

Sumitomo Chemical Co. 50, 51,166, 347

Sumitomo Electric 135

Sumitomo Rubber Industries 3, 6

Sunchem Pvt. Ltd. (India) 233, 235, 238

Sun Colour Industries Group Ltd. 364

sunflower seed oil 39

sunlight attack 61

Sun Marketing 238

Sunoco 233, 379, 415, 444, 479, 489

Sun Refining 233

Super Abrasion Furnace 203

supra 228

Supreme Resouces 448

Sure Chem 338

surface area 203

surface cleaning 256

surface coatings 478

surface cracks 343

surface of a tire’s white sidewall 225

surface ozone attack 348

surfactants 426, 427, 443, 466, 476, 477, 485, 496,
525

surfboards 120

surgical products 134

suspension polymerization 491

swimming pool disinfectant 506

synergistic effect 365

synergistic effect in improving flame retardancy 365

synergistic protection 343

synergistic protection from oxidative degradation
343

Syn Tezkauchuk 56

synthesis of fibers 387

synthesis routes 482

synthetic ester plasticizers 377, 444

synthetic iron oxide 228

synthetic natural rubber 43, 44, 459

synthetic plasticizers 240, 375

synthetic polyisoprene rubber 44

synthetic rubber 299

Synthetic Rubber Co. 78

Synthetic Rubber Manual 54

Synthomer 55

Synthos 78

Synthos Dwory 50

T

Taber, Inc. 221, 265, 353

tablecloths 134

tack 354, 356, 358, 359

tackifier 36, 329, 354, 375, 445, 446

- resin 456

tackifying resins 354, 356, 358, 477, 480

Taekwang Industrial (South Korea) 381

Taian Hualu Melamine 461

Taizhou Sinorgchem Technology Co. (China) 267,
293

talc 222,227

talc-containing rock 222

tall oil 239, 240

- rosin 36

tallow 37, 38,153, 252, 261-263

t-amylene 388

Tanabe Europe (Belgium) 448

Tangshan Kerun Chemicals Co., Ltd. 359

tank lining 8

tanning 509

- of leather 415

tantalum 35

TAP 372

Taraxacum kok-saghyz 25

TBBS  274-277, 375, 376, 389, 394, 410, 462, 463,
504, 514

- accelerator 4083, 462, 506

- rubber accelerator 456

t-butyl amine 274, 277, 394, 403, 456, 506

t-butyl benzothiazole sulfenamide 275

t-butyl phenol 355, 357, 404, 480

TCl Europe 488

TCI Europe (Belgium) 403, 415, 423, 426, 445, 479

TCI Tokyo Chemical Industry Co., Ltd. 424

T-DAE 233, 234

TDEC 305

TDI 188,189,196, 412, 422, 429, 458, 482, 521, 522

TDI ester prepolymers 196

TDI-terminated prepolymers 188, 189, 197

tear 145, 212

tear gas 415

tear resistance  79,176,179,182, 201, 203, 205

tear strength 181

TeDEC 304-306, 425

TeDEC accelerator 386

Tedia Company (USA) 405

TEEE 177

TEG 443

Teijin Ltd. 117

Teijin Monofilament US 129

Teknor Apex 162,166

tellurium 449

tellurium diethyldithiocarbamate 304, 305, 425

tellurium salt 305

temperature 354

tenacity 133

tennis rackets 120

tenorite 27

tensile strength 43, 181,182, 201, 203, 205

tension 137

Tereftalatos 518

terephthalic acid 127,130, 378, 517, 518



terephthaloyl chloride 116, 117

terminated prepolymers for polyurethane elastomer
429

terpolymer 58,140

tertiary butyl amine 275

tertiary butyl phenol 357, 380

tertiary deposits of kaolin 218

tertiary recovery techniques 18

TESPD 217

TESPT 215, 216, 217

tetrachloride 213

tetrafluoroethylene (TFE) 104 -107,109, 413, 518

tetrahydrofuran 400, 401

tetramers 245, 330

tetramethylthiuram disulfide (TMTD) 270, 271

tetramethylthiuram monosulfide 297, 298

Tetra Micronutrients 534

Tetra Technologies 396

Texas Petrochemicals 398

Texmark Chemical 425

textile 212, 365, 366, 372, 403, 409, 425, 498, 506,
508

- adhesion 488, 515

- bleaching 454, 510

- chemicals 427, 471

- conditioner 496

- cord 139

- fabric 443, 498

- fiber 401

- finishes 438, 461, 525

- glass fibers 395

- industries 378, 382, 384, 392, 428, 448, 489,
518

- processing 509

- processing industry 505

- reinforcing materials 115

- specialties 238

texture 162

TFE 104,107,108

Thai Synthetic Rubber 56

Thann & Mulhouse (France) 520

theoretical carbon 201

theoretical yield 207

thermal black 207

thermal carbon black 206, 207

thermal conductivity 209

thermal decomposition 208

thermal decomposition of natural gas feedstock
206

thermal transition 159

thermodynamics 243

Thermoguard L& S 366

thermoplastic continuous phase 163

thermoplastic elastomeric olefins (TEO) 161

thermoplastic elastomer (TPE) 9,155,179, 393, 399,
435, 436, 490, 493, 494, 513

thermoplastic olefins (TPO) 58, 160, 161

thermoplastic polyether block copolyamide 177

thermoplastic polyolefin 161

thermoplastic polyolefin elastomer 161

thermoplastic polyurethanes (TPU) 175, 431

thermoplastic vulcanizates (TPV) 58, 61,163, 164, 167,
169, 172,174, 324, 383, 386, 388, 398, 409, 417, 433,
456, 459, 465, 470, 490, 495, 510

thermoset 120

- composites 461

- plastics industry 326, 449, 513

thermosetting 355

the sodium salt of mercaptobenzothiazole 274

THF 400

thiazole accelerator 292

thickener 501

Thiele Kaolin 219

thiram 271

third monomer 445, 493

thiuram 271

- rubber accelerators 297

thixotrope 501

Thomasville Stone & Lime Co. 221

Tianhua 400

Tianjin Chemical Industry Co. 331

Tianjin Kaiwei Chemical 461

Tianjin No. 1 Chemical Co., Ltd. 273, 276, 279, 283,
285, 293, 296, 331

Tiarco 301, 303

tight oil 18

tight supply 261

tiles 10

Tilley Chemical 51

timing belts 81, 82,137

tin 519

tin chloride 324, 325, 384

- activator 163, 324

tin plate 519

tioxide 225

tire  127,139,148,198, 258, 348, 354, 382

tire bead wire 135,136, 519

tire belt 118

- construction 120

tire construction 382

tire cord 5,120,132, 134, 383, 395, 409, 417, 428, 441,
443, 448, 481, 503, 509, 514 - 516, 518, 531

- adhesion 143, 393, 398, 446, 498, 509

- for reinforcement 504

tire curing 446

tire-curing bladders 208

tire industry 201, 277, 358

tire innerliners 397

tire inner tubes 69

tire production 267

tire reinforcement 489, 494

tire rolling resistance 210, 212, 216



tire sector 41,156

tire steel belts 135

tire tread 53,145

- dust 231

- stocks 212

tire wear properties 46

Titania 224

titanium 35, 38, 54

titanium dioxide 38, 223, 224

- filler 520

titanium ore 38

titanium tetrachloride 519

titanium white 225

TMP 196, 402, 406, 415, 464

T™MQ 329, 330, 332, 337, 379, 389, 415

- antioxidant 460

- product 330

- synthesis 330

TMTD  271-273, 386, 463, 464, 514

- accelerator 5083, 504, 507

TMTM 216, 297, 299, 386, 463, 464, 514

- accelerator 410, 504

Tobolsk 398

t-octylphenol 426

Togliatti Synthezkauchuk 44, 51

Tokai Carbon 205

Tokai Rubber Industries 5

toluene 408, 520, 521

toluene diisocyanate 188, 521

toluidine 523

toluidine (ortho-toluidine) 522

Tomkins PL 5

Tongliao Xinghe Chemical Co. Ltd. (China)
250

TongSuh Petrochemical (South Korea) 381

Toray 313

Tosoh Corp. 90, 95

Total 494, 512

Total Petrochemicals 50, 489, 490
Total Petrochemicals Elastomer 50
total quality costs. 265

Total Specialty Chemicals 377
TOTM 444

toughness 91,126

toxicity 231

Toyo Tire and Rubber Co. 3,6
toys 241, 244

TPE 177,179, 513

TPE-A 177

TPE-E 177

TPE-O 161

TPEs 9,155,159,178, 393, 433, 490
TPE-U 176

TPE-V 164

TPO 160-162

- manufacture 58

TPU 175,176, 431

TPV 58, 62,163,164,166,178, 324, 382, 388, 398,
456, 465, 490, 510

- alloy 167,170

traction 212, 233

Transformadora de Propileno 490
transistors 500

transition metals 449

tread

- compounds 203

- dust 231

- formulations 216

- grades 202

- stocks 306

- wear resistance 212

treated distillate aromatic extracts 233, 234
trees 239

Trelleborg AB 3,5

Triangle Group Co. 3

triaryl phosphate (TAP) 372, 460, 485
- flame-retardant plasticizer 484, 485
- plasticizer 480, 483
trichloroethane 523

trichlorosilane 215, 500, 524
trichlorotrifluoroethane 106
triethylaluminum 476

triethylene glycol 443

triglyceride 38, 499

trimer 245, 330

- of propylene 244
trimethylolpropane (TMP) 196, 446, 524
TR International 432

trioctyl trimellitate 444

triol 179,185, 189,196

Tronox 225

truck and bus tires 4,126

truck tires 5,137

TSRC Corp 51, 56

T-type: neoprene 90

tubes 101

tubing 254

turpentine 36

TVS Srchakra Ltd. 4

twin-screw extruder (compounder) 163
two-part liquid system 179
Type 1 FKM 107

Type 2 FKM 107

Type 3 FKM 107

Type 4 FKM 107

Type 5 FKM 108

Type 101 232

Type 102 232

Type 103 235

Type 104A 237

Type 104B 237

Type C 121
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Type E 121
Type S 121

u

UBE Industries 56

Ufaneftekhim 531

Ugine-Kuhimann 272, 278, 295, 299, 301, 308

ultimate elongation 122

ultimate hardness 314

ultimate heat and oil resistance combination 109

ultimate particle size 202

ultimate tensile strength 79, 201, 205

ultra-accelerator 300, 427, 505

ultraviolet radiation 329

under the hood 104

underwear 130

Unifi 129

Union Carbide 59

United Rubber Chemical Corp. (Beijing, China) 279,
283, 285, 293, 297, 301, 308, 313, 322, 331, 347

United Synthetics 129

Univar USA 385, 449, 508, 511, 525, 532

Universal Fiber Systems 129

unsaturated fatty acids 262

unsaturated polyesters 487, 496, 513

- thermosets 531

unsaturation 72, 258, 263

UoP 347

uranium 453

urea 150, 386, 387, 525

urea-formaldehyde plastics 387

urea-formaldehyde resins 446

Urumgi Petrochemical 461

US Borax 395

USGS Commodity Specialist 228

US Patent 4,359,452 266

US Petrochemical Industries 392, 479

U.S. Zinc 260

\'

vacuum distillation 237

Valero 233,238

Vaneyck Chemie (Belgium) 491
vapor 292

vaporized sulfur 266
vapor-phase hydrolysis 213
varnishes 380, 425

varnish industry 454

V-belts 51,137

VCM 527

VDF 107,108

Veckridge Chemical Co. 383, 508
vegetable oil derivatives 243
vegetable oils 38, 252, 255, 261, 262, 452

venetianred 228

Venezuela 234

ventilation 268

Veritas AG 6

vertically integrated 504

vertical oven under tension 137

very aromatic oil 232

very fast cure rate 300

Veyance Technologies 5

VF 104

VF2 104

VGC 237

VI 238

vibration damping 99, 101

vibration isolators 42

Vi-Chem Corp. 49

Vilax 499

Vilzx 51

vinyl acetate 102, 378, 407, 437, 493, 526, 527
- monomer 378

vinyl BR 55

vinyl chloride 407, 440

- monomer 84, 437,440, 450, 527
vinyl fluoride (VF) 104,105, 381, 528
vinylidene chloride 407, 440

vinylidene fluoride (VF2) 104-108, 452
vinylmethyl silicone rubber or vinylmethyl polysiloxane
12

vinyl plastics 531

vinyl plastisols 252

vinyl polymerization 101

vinyl pyridine 140, 398, 488, 529

vinyls 440

viscose 132

viscoseals 8

viscosity 222

viscosity-gravity constant (VGC) 237
viscosity index (VI) 238

vitamins 531

VMQ 65,112

VOC 217

volatile matter 226

volatile organic compound 217

Voronezh Syntezkauchuk JSC 50, 51
Vredestein NV 4

vulcanization 257, 263, 354

- process 261

vulcanized vegetable oil 39, 255, 514, 516
vulcanizing agent 257, 258, 260, 263, 265, 319, 326
Vulnax 272, 279, 282, 293, 296, 299, 301, 304, 308
vulnerability 376

VWO 39, 255, 514, 516

VWR International (Belgium) 408, 519, 532
VWR International LLC (USA) 424



W

Wacker Chemie AG (Germany) 214, 423, 501, 524
Wacker Silicones Corp. 112
Warner Graham 459

Warp Technologies 129
Washington Penn Plastics 162
water attack 184

water glass 144, 210, 503, 508
water of hydration 371
waterproofing 233

water pump seals 82

water sedimentation 218
water-soluble adhesive 527
water treatment 320, 412, 454, 506, 510, 515
water vapor release 261

wax 352,530

wax blends 353

waxes 352, 353, 411, 467

- film 352

wear 55, 205

wear resistance 56, 201, 210, 212
weathering 95

- resistance 61

weatherproof outdoor clothing 176
weatherseals 260
weatherstripping 9

- extrusion 155

Weifang Fine Chemicals 276, 279, 283, 293, 296
Weifang Longda Zinc Industry Co. (China) 260
Weifang Yaxing Chemical Co. 93
weight per unit length 119

welding 381

- flux 396

- hose covers 42

Wellman Fibers 129,130

Westco Chemicals 387, 511
Western Reserve Chemical 225, 353, 356
Westlake Chemicals 440
Westlake Monomers 527
Westlake PVC 491

West Pharmaceutical Services 6
wet methods 258

wet modulus 132

wet natural gas 23, 53,142, 398
wet process 259

wet strength 132, 432

wetting agents 444

wet traction 210

wheels 198

white 255

- colorant 520

- filler 212

- glue 527

- oil feedstock 238

- rubber 47

- sidewall tires 224

- WO 255

whitewash 407

whiting 219, 220, 222, 227

Whiting, H& S Inc. 221

Wilhelm Ostwald process 473

willemite 27

Wintersun Chemicals (USA) 377,408, 470, 522, 525

wire 101

wire and cable coating applications 444

wire and cable insulation 9

wire coat 143

- stock 146

Witco 216

WOCO Industrietechnik 6

Wolverine World Wide 6

wood binder 431

wood cellulose 131

wood flakes 431

wood pulp 131, 504

- bleaching 454

wood rosin - 36

wood treatment compounds 236

world consumption of TPEs 156

woven fabrics 130

W-type: neoprene 90

Wuhan Huayuan Fine Chemicals Co. (China) 421

Wuhan Jinghe Chemical Co., Ltd. 302, 326

Wuxi Huasheng (China) 265

Wuxi Huasheng Rubber Technical Co., Ltd. 139,147,
150, 269, 272

X

xanthation process 410

Xianding Chemical (China) 438
Xiao Ganshen Yuan (China) 287
XIR 71

Xingtai Fucai Chemicals Co. 272
Xinxiang Huarui Fine Chemical 269
Xinyi Sonyuan Chemical Co., Ltd. 360
XNBR 8

Xuzhou Tyre Group 4

xylene 316, 521, 530, 531

xylenols 372, 480

Y

Yancheng Fengyang Chemical (China) 454
Yangli 420

Yangli Petrochemical 425

Yantal Wanhua (China) 431

Yaroslavl Technichesky Uglerod 205
yellow 227,228, 255

yellow iron oxide 228

yield 201
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Yixing Dongchang Chemical Co. Ltd. 216, 260, 290,
297
Yixing Guoli Auxiliary Factory 150, 326, 356

Yixing Kairun (China)
Yokohama 174
Yokohama Rubber Co. 6

YPF 489, 512

Yuncheng Resun Chemical Co., Ltd. 320

438, 501

z

Zaklady Azotowe 461

ZDM 303

ZDMC 303

Zemex Industrial Minerals 223

Zeon 81,82, 85,98

Zeon Chemical Co. 77,87, 96,172,173, 382

ZF Boge Elastmetall 6

Zhedong Rubber Auxiliary 270, 273, 276, 279, 285,
293, 299, 302, 304, 310, 331, 334, 347

Zhejiang 68

Zhejiang Cenway New Synthetic 72

Zhejiang Chemical (China) 247, 364, 425

Zhejiang Halide New Material Co. 129

Zhejiang Huangyan Zhedong Rubber Auxiliary 296

Zhejiang Jiaao Chemical (China) 247

Zhejiang Jinmao Rubber Additive Co. Ltd. 216

Zhejiang Sheng Zhou Wanshida Chemical 359

Zhejian Hualian Sunshine Petrochemical 518

Zhengzhou Double Vigour Chemical Product Co.,
Ltd. 270, 272, 276, 279, 282, 293, 296, 299, 302,
308, 313, 331, 347

Zhengzhoumeikewote Trade Co.
282, 293, 296, 299, 331

Zhengzhou Polymer Chemical Company 95

270, 273, 276, 279,

Zhenjiang Wholemark Fine Chemical Co., Ltd. 150,
152,153, 270, 273, 276, 279, 283, 285, 290, 293,
296, 299, 302, 304, 308, 310, 320, 322, 331, 347

Zhuzhou Xinglong Chemical Industrial Co. 211

Zibo Huamei Chemical Co. 276, 280, 283

Ziegler catalyst 401

Ziegler-Natta catalysts 58

zinc 106, 131,132, 261, 376

zinc borate hydrate 370 -372, 395, 396, 516, 532,
534

zinc carbonate 532

zinc chloride 259

zinc concentrate 27

Zinc Corp. of America 260

zinc dibutyldithiocarbamate 300

zinc dimethyldithiocarbamate 302, 303

zinc direct roasting process 26

zincion 257

zincite 27

zinc metal 531

zincore 26

zinc oxide 69,143, 257-262, 319, 326, 371, 376, 396,
532

- activator 262,532,534

zinc stearate 260, 533

zinc sulfate 259, 533

/MDC 303

/nDBC  300-302, 463, 514

Z/nDBC accelerator 404

ZnDBC rubber ultra-accelerator 386, 410, 422, 505

/nDMC  302-304, 386, 427, 463, 464, 514

/n0 259, 260

Zodiac SA 6



