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FOREWORD

The detailed, descriptive information in this book is based on U.S. patents since 1972 relating
to antioxidants. Where it was necessary to round out the complete technological picture, some
earlier, but very refevant patents were included.

This book serves a double purpose in that it supplies detailed technical information and
can be used as a guide to the U.S. patent literature tn this field. By indicating all the in
tormation that is significant, and eliminating legal jargon and juristic phraseology, this book
presents an advanced, technically oriented review of antioxidants and their synergists.

The U.S. patent literature is the largest and most comprehensive collection of technical in-
formation in the world. There is more practical, commercial, timety process information
assembled here than is available from any other source. The technical information ob
tained from a patent is extremely reliable and comprehensive; sufficient information must
be included to avoid rejection for "insufficient disclosure.” These patents include prac
tically all of those issued on the subject in the United States during the period under re
view; there has been no bias in the selection of patents for inclusion.

The patent literature covers 8 substantial amount of information not available in the journal
literature. The patent literature is a prime source of basic commercially useful information.
This information is overlooked by those who rely primarily on the periodical journal litera-
ture. 1t is realized that there is a lay between a patent application on a new process de-
velopment and the granting of a patent, but it is felt that this may roughly parallel or even
anticipate the lag in putting that development into commercial practice.

Many of these patents are being utilized commercially. Whether used or not, they offer
opportunities for technologica!l transfer. Also, a major purpose of this book is to describe
the number of technical possibitities available, which may open up profitable areas of re
search and development. The information contained in this book will allow you to estab
lish a sound background betore launching into research in this field.

Advanced composition and production methods developed by Noyes Data are employed
to bring our new durably bound books to you in a minimum of time. Special techniques
are used to close the gap between "manuscript” and "completed book." Industrial tech-
nology is progressing so rapidly that time-honored, conventional typesetting, binding and
shipping methods are no longer suitable. We have bypassed the delays in the conventional
book publishing cycle and provide the user with an effective and convenient means of re
viewing up to-date information in depth,

The Table of Contents is organized in such a way as to serve as a subject index. Other in-
dexes by company, inventor and patent number help in providing easy access to the infor-
mation contained in this book.
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15 Reasons Why the U.S. Patent Office Literature Is Important to You —

The U.S. patent literature is the largest and most comprehensive collection
of technical information in the world. There is more practical commercial
process information assembled here than is available from any other source.

The technical information ebtained from the patent literature is extremely
comprehensive; sufficient information must be included to avoid rejection
for "insufficient disclosure."

The patent literature is a prime source of basic commercially utilizable in-
formation. This information is overlooked by thase who rely primarily on
the periodical journal literature.

An important feature of the patent literature is that it can serve to avoid
duplication of research and development.

Patents, unlike periodical literature, are bound by definition to contain new
information, data and ideas.

It can serve as a source of new ideas in a different but related field, and may
be outside the patent protection offered the original invention.

Since claims are narrowly defined, much valuable information is included
that may be outside the legal protection afforded by the claims.

Patents discuss the difficulties associated with previous research, develop-
ment or production techniques, and otffer a specific method of overcoming
problems. This gives clues to current process information that has not been
published in periodicals or hooks.

Can aid in process design by providing a selection of alternate techniques.
A powerful research and engineering tool.

Obtain licenses — many U.S. chemical patents have not been developed
commercially.

Patents provide an excellent starting point for the next investigator.

Frequently, innovations derived from research are first disclosed in the
patent literature, prior to coverage in the periodical literature.

Patents offer a most valuable method of keeping abreast of latest technol-
ogies, serving an individual's own "current awareness" program.

Copies of U.S. patents are easily obtained from the U.S. Patent Office at
50¢ a copy.

It is a creative source of ideas for those with imagination.
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FOOD ADDITIVES
TO EXTEND SHELF LIFE 1974

by Nicholas D. Pintauro

Food Technology Review No. 17

Aside from freezing, canning and sophis-
ticated ‘methods of packaging, food is pre-
served by dehydration, saliting, sugaring,
smoiting, curing, and certain types of fer-
mentation.

A newer effective approach toward pre-
vention of spoilage is by the use of chemical
additives other than sugar, salt, vinegar, and
. spices. ,

Food additives, as defined by the Nationat
Academy of Sciences are those relatively
nontoxic chemicals that may be incorporated
into foodstuffs during the growing, process-
ing, or storing periods. Every chemical added
must serve one or more of these general
purposes: lmprove or maintain nutritional
value, enhance quality, increase consumer
acceptability, and facilitate preparation. In
modern applications food additives are com-
bined with established, classical methods of
tood preservation to maximize stability for
extended shelf life. There is a great demand
for additives to prevent or retard food de-
terioration. These additives include anti-
oxidants, antibacterial agents, moid inhib-
itors, color stabilizers, anticaking agents,
antibrowning agents, cloud stabilizers, metal
scavengers, enzyme Inhibitors.

This book describes over 140 processes
involving the newest technology available in
the U.S. patent literature using food addi-
tives. A partial and condensed table of con-
tents follows here. Chapter headings are
given, followed by examples of important
subtities.

1. ANTIOXIDANTS FOR FATS & OILS (20)
BHA-BHT Synergistic Combinations
Plicatic and Thiodipropionic Acids
Cystine as Stabilizer
Metal Deactivators
Citric Acid Esters
EDTA Esters
Stable Antisplattering Oil

. MEAT PRODUCTS (22)
Salt-Antioxidant Combinations
Color Stabilization
p-Aminobenzoic and Ascorbic Acids
Nicotinic Acid for Frozen Meats
Glycerin Infusion
Low pH
Use of Antibiotics

. FISH PRODUCTS (10)

Use of Suitur Dioxide
Ammonia Preservative
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Use of Peroxides
Use of Chelating Agents

4. EGGS AND EGG PRODUCTS (7)
Antifungal Antibiotic Treatment
Phosphates for Fresh Eggs
Antioxidants for Dried Eggs
Epoxide Vapors for Eggs in Shell
Enzyme System for Mayonnaise

. DAIRY PRODUCTS (6)
Bioftavanoids
Sorbates for Cheese
Sorbic Acid Powder Coatings

6. BREAD SOFTENERS AND
MOLD INHIBITORS (13)
Antistaling Additives
Stearyl-2-Lactyiic Acid Salts
Nonionic Surfactants
Amylopectins for 9-Month Shelf Life
Acetates + Coated Organic Acids

. BAKED GOODS AND
CEREAL PRODUCTS (12)
Color Stabilization with Nisin & Subtilin
Polyvinylpyrrolidone Additives
Shelf Stable Pancakes & Waffles

8. FRUITS AND VEGETABLES (20)
Sodium Bisulfite + Phosphoric Acid
Stannous Chloride
Amino Acids as Preservatives
Enzyme Inactivation

9. VITAMINS AND NATURAL COLORS (10)
Vitamin A Fat Antioxidant
Stabilized Carotenoids
Dihydroquinoline Antioxidants
10. SALT, BEVERAGES & FLAVORS (18}
Potassium-Enriched Conditioning
Agent for Salt
Antioxidant Salt with BHA
Coffee Bean Extract
Glucose Oxidase System

11. ALL-PURPOSE PRESERVATIVES
AND ANTIOXIDANTS (18)
Bisphenols
Isoascorbic Acid Salts
Benzohydroxamic Acid
Pyrocarbonic Acid Esters

APPENDIX

FDA Policy Statements, etc.

INDEX of additives arranged alphabetically
by their chemical names.
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402 pages



FUEL ADDITIVES 1974

. by M. Wiltiam Ranney

Chemical Technology Review No. 20

The search for nuproved fuel additives has
taken an new and sigmficant duniensions
with the pending wotld-wide fuel shortage.
The mid-seventies are expected to be a time
of ncreasingiy short fuel supplies whirh
could drastrcaliy curtail our production ca-
pability, our personal travel patterns, and in
the long run, our gross natinonal product and
our very way ot hife, whiie at the same time
reversing the ecological progress mdde to
date.

Successtul research 1or more etlective ad
ditives, which reatlly incCrease mileage ot
BTU output of the fuels in question, witl
Pprovide many new bus.ness opportunities in
the next tew years. Fuel aaditives manufac-
ture and sales can be expected to show wetl
above nonmal growth over the next! decaade.

This book descrnibes alrmost 200 processes,
inctirding many  fuetl additive formuaiations
which appeared 1n the U.S, patent literature
quring just the pas! threw years. A partial
and condensed table of contents follows.
Numbers v () mdicate the number of
processes per topc. Chapter headings are
given, foltowed by examples of rmportant
subtities,

1.DETERGENTS AND ANTI-ICE

AGENTS (53)

Multipurpose Detergents

Phosptiate Ester Amine Salts

Nitroketonized Amides

High Molecutar Weight Mannich Bases

Carburetor Detergents

Paolybutene-Substituted Nitrito Vs
(F.thylamine)

Anti-lce Additives

Hexylene Giycol

Fatty tmidazolines + Siticones

Polyhydric Aicohol Reaction
Produels |

Asntess Detergents

Ash -{orming Netergents

Coardinated Compiexes ot Mitrogen
Compounds

Overbased Sulfonate and
Poly{aminecarbexylic) Acids

Glycerol E<ters as Stabtl:zers

Mg-Salts ot Oi-Soluble Acids

1SBN 0-8155-0525-6

2. FLOW IMPROVERS AND
POURPOINT DEPRESSANTS (27)
Ethylene-Based Polymers
Polybu: adienes
Mixed 3 hioacryhic Esters
Paraffin-f ree Saturated

Hydrocarbons
+atty Amides
Fatty Esters of Ghicosides
Otefin-Alkyl Reaction Products
Carboxyhctsters of Poiyhydric
Atcohnls

3. OXIDATION, CORROSION, AND
WEAR INHIBITORS (46)
Anminoguanigine Dernvatives
Tetracyanoethylene
Alkylhydroxypheny! Thioacyl Alkanoc

Acid Esters
Phosphorodithioate Esters
Thermal Stabitizers
Rust nhibitiny ’
Alkyl Sulioxides
Antiwear Ageiits
Tall Oil Fatty Acids

4. SMOKE CONTROL AND

EMISSION AIDS (3t)

Barium Alkary) Sutfonates

Bariuvm-Containing Dispersions

Boron Tntluoride Etherate

Vanadium Saits of Phosphorus
Compounds

Hexafluorozirconates + Organic
Diamnes

Surface Ignition Suppressors

Aerosot Starting Agents for Diesels

$. ANTIKNOCK COMPOUNDS (23)
Alkalt Metal Aluminum Tetraatkyls
Oiglyme, Methanotl + Anthracene
Lithium -Aluminum + Mercury-

Aluminum
tiexauvrganocipiurmbanes
Organolead + Siticon Compounds
Tridkyiplumbyimagnesium
Amincfuivenes

& ANTISTATICS, BIOCIDES, DYES
AND EMULSIFIED FUELS (17)
Cety! Vinyt Ether
Cychc tmines
Aczodye Compositions
Metailized Emulaons

273 pages



FIRE RESISTANT

AND

FLAME RETARDANT POLYMERS 1974

by Maurice William Ranney

Chemical Technology Review No. 35

The U.S. market for these materials is a
hundred million dollar annual business and
is expected to double within the next three
years. This includes reactive intermediates
and non-reactive additives which impart fire
retardance to plastics, foams, textile fibers
and paints.

Such flame retardant additives and reac-
tive intermediates are now available for
most polymer systems. While many proven
formulations rely on additives containing
halogen, such as chlorinated wax and tris-
{(dibromopropyl) phosphate, commonly in
combination with antimony oxide, much
recent technology has been directed toward
building flame retardance into the polymer
nucleus, using reactive intermediates.

Seif-extinguishing polyesters, employing
halogenated dicarboxylic acids or anhy-
drides, and polyurethanes based on phos-
phorus-containing polyols are now finding
increased use by the industry.

This book provides an in-depth look at
over 250 processes. Directions are adequate
enough to make manufacturing decisions by
an industry which is faced with great re-
sponsibilities and opportunities as increasing
public and governmental attention is fo-
cused on the need for improved flame
retardant products.

A partial and condensed table of contents
follows. Numbers in ( ) indicate the number
of processes per topic.

1. POLYURETHANES (70)
Phosphorus-Containing Reactants
Premix Stability with Dihydroxy

-Nitrogen-Containing Phosphonates
Stabilization of Polyol-Phosphorus

Compounds with Epoxides
Phosphoryl fsocyanates
Phosphorus-Containing Additives
Pentaerythrityl Phosphites
Halogen-Containing Reactants
Tetrabromooctyl Ether Diol
Halogen-Containing Additives
Other Reactive Intermediates
Trimeltitic Acid + Polyol Partial Esters

2. POLYESTERS—EPOXIES—SILICONES
(45)
Potyester Reactive Intermediates
Polyesters Terminated with Phosphonate
Groups

ISBN 0-8155-0541-8

Viny! Ester Resins

Polyester Additives

Epoxies

Phosphoramidates

Dibromopheny! Glycidyl Ethers

Phenotics and Urea
Formaidehyde Resins
Containing AICl3

Silicones
+ Fumed Titanium Dioxide

Other Thermosets

Furane Prepreg Compositions

. POLYPROPYLENE AND POLYETHYL.-

ENE (47)
+ Antimony Oxide and Halogen
Compounds
Dimers of Hexachlorocyclopentadiene
Magnesium Dibromopropyt Phosphates
Cross-Linked Vinyl Halide Polymers
Modified Olefins
Dihalocyclopropy! Olefins
Polybutadiene Chlorinated
Ketone Addition Products
Chloros'stfonated Polyethylene with
Tris(2,3-Dibromopropyl) Phosphate

. POLYSTYRENE—ABS (35)

Organic Hatogen Compounds
+ Lead Naphthenate
Polyvinyt Bromide
Styrene-Acrylonitrile Copolymer
+ Brominated Hydrocarbons
Polymerization in Presence
of Bromofluoroalkanes

.POLYAMIDES, ACRYLICS and

OTHER THERMOPLASTICS (30)

Glass Fibers and Red Phosphorus

Methyl Methacrylate + Polymerizable
Phosphonate Polymers

Vinyl Halide-Bis (ﬂ-cmoroethyl)-
Vinyi Phosphonate Copolymers

.GENERAL UTILITY ADDITIVES

IMPARTING FLAME RETARDANCY
(40)
Perhalopentacyclodecanes with
Antimony Oxide, Lead Arsenite
and Na Tetraborate
Nitrilo{Ethylene phosphonic
Acid Esters)
Bis{2-Bromoethyl)-2-Chloroethyl!
Phosphate

395 pages.




CONTENTS AND SUBJECT INDEX

INTRODUCTION
Test Methods
Oven Aging Test
Fadeometer Test
Weatherometer Test
Falex Machine Test

PHENOLIC ANTIOXIDANTS
Hindered Hydroxybenzyi Alcohol Derivatives
Esters of 3-Hydroxybenzy! Alcohols
Ethers of 2- or 4-Hydroxybenzyl Alcohols
Esters of Phenol Substituted Acids
Esters of Hindered Hydroxybenzoic Acids
Esters of Hydroxyphenylalkaroic Acids
Esters of (Dialkyl-4-Hydroxyphenyl)Malonic Acids
Esters of Polyols
Esters from Mixed Glycols
Esters of Polyol Ethers
Stabilization with Alkylhydroxypheny! Acid Esters
Miscellaneous Phenol Compounds
Halogenated Biphenols
Improved Phenol-Cyclopentadiene Adducts
Cycloalkylated Phenots
Tetra-Phenol Compounds
Synergistic Phenol Antioxidants for Trichloroethylene

SULFUR-CONTAINING PHENOLIC ANTIOXIDANTS
Phenol Sultides
Hydroxymethyl Methylthiophenols
Hydroxypheny! Aminomethy! Hydroxybenzyl Sulfides
1,2-Bis[3-Alkyl-4-Hydroxy-5 (Dialkylaminomethyt)Phenylthio] Ethanes
Hydroxyphenylalkyl Sulfides
Hydroxybenzyl Sulfides
Hydrocarbon Bridged Thiomethylenephenols
Polycarboxylic Acid Bridged Thiomethylenephenols
1,3,4-Thiadiazole Bridged Thiomethylenephenols
Thiodimethylidynetetrakisphenols
Esters of Sulfur-Containing Hydroxyphenylalkanoic Acids
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NITROGEN-CONTAINING PHENOLIC DERIVATIVES

Dicarboxylic Acid Diamides of Pheno! Amines
Sulfur Bridged Carboxylic Acid Diamides
Bisoxalic Acid Diamides
N,N"-Bis(3,5-Dialkyt-4-Hydroxyphenyt) Dicarboxamides
Phenol Amides
Alkylthicalkanoylaminophenols
Alkylhydroxybenzylamides
Phenolic Hydrazides
Alkylhydroxyphenylalkanoy! Hydrazines
N-Aroy!-N'-(Alkythydroxyphenyl)Alkanoy! Hydrazines
Phenolic Imides
Sulfur Derivatives of Alkylhydroxyphenyl Maleimides
Benzophenonetetracarboxylic Acid Diimides
Aromatic Diimides
Amides of Phenol Substituted Acids
Water Soluble Amides of Aminoarylsulfonic Acids
Polyamides of Alkylhydroxyphenylalkanoic Acids
Carbamates of Hindered Bisphenols

AMINE AND IMINE ANTIOXIDANTS

Aromatic Secondary Amines
Tertiary-Alkylated Diarylamines
Tertiary-Alkylated Phenothiazines
N,N'-Diaryl-1,4-Diamincnaphthalenes
Aromatic Aliphatic Secondary Amines
Benzylated Diphenylamine and Phenylnaphthylamine Derivatives
4,4' Disubstituted Diphenylamines
2,4, 4" Trisubstituted Diphenylamines
Phenylnaphthylamine Derivatives
N-Hydroxyalkylamine Compounds
N-Hydroxyalkyl-N' Hydrocarbylpiperazines
N-Hydroxyalkyl-N'"-Hydrocarbylhexahydropyrimidines
Borates of N-Hydroxyalkyl Heterocycles
Borates of Polymeric Alkanolamines
1,2,3,5 Tetramethylpyrazolium Chloride
N-(2,2-Disubstituted Vinyl)Arylimines

TRIAZINE AND CYANURATE ANTIOXIDANTS

Triazine Derivatives with Hindered Pheno! Moieties

Tris{m Hydroxybenzylthio) s Triazines

Tris(3,5-Dialkyl -4 Hydroxyphenyl})-s-Triazines

Hindered Bispheno! Derivatives

Derivatives of Thiobisphenols

2,4 Bisphenolic Triazine Derivatives

Hindered Phenolcarboxylate Esters of Alkanolaminotriazines
Hexahydrotriazine Derivatives with Hindered Phenol Moieties

Thiopropionylhexahydrotriazine Derivatives

1,3,5- Tris{4-Hydroxyphenylalkanoyl)-Hexahydro-s- Triazines
Other Triazine Derivatives

2,4,6-Tris(Alkylthioalkylthio)-1,3,6 Triacines

Substituted Hydroxylamine Stabitizers
isocyanurate Derivatives with Hindered Phenol Moieties

Tristp Hydroxybenzy!)lsocyanurates

Tris(m Hydroxybenzyl)socyanurates

Phenolic Carboxylates of Tris{Hydroxyalkyl}isocyanurates

Alkylhydroxyphenylcarboalkoxy Substituted Nitrogen Heterocycles
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PHOSPHORUS-CONTAINING ANTIOXIDANTS

Phosphate Esters
Esters of Hindered Phenols
Esters of Hindered Thiobisphenols

.. . Cyclic Phosphates

.. S-Allylic and S-Vinylic 0,5"Dialky| Dithiophosphates

“Phosphite Antioxidants
Hydrogenated Bisphenol Diphosphites
Polymercapto Polyphosphites
Thiodiphosphites
N,N Disubstituted Aminoatky! Phosphites

Phosphinic Acid Derivatives
Preparative Methods
Metal Atkylhydroxyphenylalkylphosphinates
Alkyl p-Hydroxyphenylphosphinates
Polyol Esters of Phosphinic Acids

Phosphonate Compounds
Bis{Hindered Phenol}Alkane Phosphonates
Bis(Hindered Phenol}Alkylene Diphosphonates or Phosphonoacetates

Other Phosphorus Compounds
Arylene Phosphinites
Phenylphosphine Dichloride Malonic Ester Reactants
Phosphorus Derivatives of Hindered Pheno! Substituted Alkanols

OTHER ANTIOXIDANT COMPOUNDS
Thioethers and Thioesters
Bis(Hydroxyalky!}Sulfides
Bis(Tetrahydropyranyl) Sulfides, Sulfones and Sulfoxides
Synergistic Polyol Esters of Alkylithioalkanoic Acids
Miscellaneous Cyclic Antioxidants
Substituted 1,2,4-Thiadiazole Sulfenyl Hatides
2,3-Dihydro-p-Oxathiins and Their Sulfoxides and Sulfones
Thiourazole Derivatives
Dibenzopyrans, Fluorenols and Dibenzothiopyrarns
Cyclo-Substituted Gamma-Butyrolactones
5,7-Diisopropy!-1,1-Dimethyl-6-Hydroxyindan
Dihydro- and Tetrahydroimidazoles
Synergist Mixtures of Non-Nitrogen Boron Compounds
Redox Polymers

STABILIZED PETROLEUM PRODUCTS
Antioxidants with Hindered Pheno! Moieties
Dialkyi-4-Hydroxybenzy! Alkylates of Aryl Amines or Carbazole
Mixtures of Secondary Trialkylphenols
Derivatives of 4-Hydroxy- and 4-Thiolbenzenecarbodithioic Acids
Nitrogen-Containing Antioxidants
Guanidinium Salts
Aminoguanidine Derivatives
Unsaturated Polynitriles
Polyamide and/or Polyimide Stabilizers
Phosphorus-Containing Antioxidants
Amine Salts of Bis(Hydroxyalkyl} Phosphinic Acids or Esters
Esters of Phosphorodithioates
Phosphorodithioate Ester-Aldehyde Adducts
1-(0,0:Diorganophosphoradithiato) Atky! Carboxylates
Polymeric Metal Dialkaryidithiophosphates
Bismethylene Amides of Phosphoric or Phosphonic Acids
Amine Derivatives of Dithiophosphonic Acids
Thioorganometallic Complexes

106
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106
107
109
110
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116
117
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119
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126
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135
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138
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Synergistic and Other Mixed Antioxidant Systems
Mixtures of Metal Dialkyldithiocarbamate and tert-Alkylamines
Metal Diatkyldithiocarbamate-Metal Sulfonate Mix tures

Zinc Diatkyldithiophosphate-Zinc Dialkylphenoxyethyldithiophosphate Mixtures

Five Component Synergistic Additive Blends

Substituted Phenol-Thiobisphenot Mixtures

Mixtures of Dihydrocarby! Tin Sulfides with Phenolic Antioxidants
tmide-Amine Phosphate Mixtures

Synergistic Mixtures Containing 1-n-Butoxy-1-{1-Naphthoxy}Ethane

ANTIOXIDANTS FOR SYNTHETIC LUBRICANTS AND FUNCTIONAL FLUIDS
Amine Antioxidants for Polyesters
Anthranilic Acid Esters
Alkylated Diphenylamines
Alkoxydiarylamines
Aminobenzoquinones and Aminonaphthoquinones
Alkylphenylalkylnaphthylamines
Arylindano Secondary Amines
Amine Salts or Amides of Fluorocarboxylates
Amine Antioxidant Mixtures for Polyesters
N-Acylated Phenylenediamines with Secondary Arylamines

Mixtures of N-Phenylnaphthylamines with Alkylated Diaminodiphenylmethanes

Mixtures of p,p'-Dioctyldiphenylamine and n-Phenyi-1,2,3,4-Tetrahydro-
2-Naphthylamine .
Aromatic Amine-Metal Antioxidant Mixtures
Heterocyclic Antioxidants for Polyesters
Substituted Benzodiazoboroles
Alkylated Phenothiazines
Thiooxazolidinedione or Thiazolidinedione Additives
Substituted 2-Oxazolidones
Polymeric Antioxidants for Polyesters
Epihalohydrin-Amine Condensates with Substituted Di(Aminopheny!}Propanes
Potymeric Imides of Maleic Anhydride Copolymers
Cetyl Viny! Ether Telomers with N-Vinylpyrrolidone
Aryliminodialtkanol-Phosphate Condensates
Complex Phosphorus Esters
Phosphate Ester Based Fluids
2,6-Diaminopyridines
Nitrogen Antioxidant-Nitrogen Heterocycle Mixtures for Phosphoroamidates
Polysiloxane Fluids
Sitylorganometallocene Antioxidants
Phenolic Thin Film Antioxidants
Polypheny! Ethers
Lipid Extracts of Yeast Cultures

ANTIOXIDANTS FOR ELASTOMERS

Antiozonants
Tetrahydroquinoxaline-Aldehyde Condensates
N-Substituted Dimethylpyrroles
Ternary Mixtures of Substituted p-Phenylenediamines
Cyciohexen-3-ylidenemethyl Ethers for Polychloroprene Rubbers
Free-Flowing Diary!-p-Phenylenediamines for Polychloroprene
Antiozonant-Antioxidant Mixtures

Phosphorus-Containing Antioxidants
Tetrakis (Hindered Phenolic) Phosphonium Halides
0,0-Diaikylhydroxybenzyl Dithiophosphates
Hindered Phenolic Phosphorodithioates for SBR

Phenolic Antioxidants )
Hydroxybenzylphenyi Carbonates and Carboxylates
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Alkylidenedithiobisphenols

Other Rubber Adtioxidants
Mixtures of N, N' Substituted Phenyienediamines for Polyisoprenes
Acy! Derivatives of Aromatic Nitroso Compounds

POLYOLEFIN ANTIOXIDANT SYSTEMS

Hindered Phenol Dervatives
Hindered Hydroxybenzyl Substituted Thiodicarboxylates
Hindered Hydroxyphenoxysilanes
3,5 Dihydrocarbyl 4 Hydr oxybenzyiphenyl Alkyl Ethers
Phenolic Phosphates and Phosphites :
Polycarbocyclic Phenolic Phosphites

Hindered Phenolic Esters from Unsaturated Quinone Esters
Esters of Thiosuccinic Acids
Esters of Cyclic Aminocarboxyhic Acids
Esters of Thiocarboxylic Acids
Esters of Phosphinodithioic Acids and 0,0 Diesters of Phosphoro

thiolothionic Acids

Mixed or Synergistic Stabilizing Systems -
Amineborates with Ketone- or Aldehydephenols
Mixtures with Thioalkylcarboxylic Acid Compounds
Cycloaliphatic Sulfide Synergists
Alkylated Phenol Sulfur Compound Mixtures
Four Component Stabilizer System
Stabilizer Mixtures Containing Nickel Phosphate
Mixed Esters of a Thiodicarboxylic Acid plus a Hindered Pheno!

Polymer Bonding of Antioxidants
Carbene Bonding of Phenolic Antioxidants
Silane Bonding of Aromatic Amine Antioxidants

Stabilization of Copper Polyotetin Systems
Phenolic Antioxidant Gallic Acid Ester Mixtures
Heterocyclic Amines and Amides

“Miscellaneous Polyolefin Antioxidants

Phenolic Isocyanurates
Phenylhydrazones

ANTIOXIDANTS FOR OTHER POLYMERS
Antioxidants for Polyamides
Synergistic Phosphite Diamine Mixtures for Caprolactam
Ternary Stabihzing Systems
Antioxidants for Polyurethanes
Hindered Hydroxybenzylanisole Antioxidants
Mixed Phenol Phosphite Antioxidants for Polyurethane Foam
Antioxidants tor Polyethers
Phenol Polyvinyipyriofidone Complex for Formaidehyde Polymers
Alkanolamines with Phosphites and Sulfides for Polyphenylene Ethers
Antioxidants for Polyvinyl Chloride
Mixed Litjuid Stabilizers Containing Polyglycerol Esters
Synergistic Stabitizers Containing Phenolic Antioxidant

ANTIOXIDANTS FOR FOODS

Synergistic Tocopherol Mixtures for Lipuds
Cotamine and Ascorbic Acid Esters
Unsaponifiable Component of Rice Od

Antioxidants lrom Red Cedar
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INTRODUCTION

Antioxidants can be defined as substances capable of slowing the rate of oxidation in an
autoxidizable material. Commercially, antioxidants are used in plastics, elastomers, petro-
leum products, synthetic lubricants, food products, soaps and cosmetics. In plastics and
elastomers they are particularly needed to overcome the exposure to heat and oxygen dur-
ing processing and in use. The petroleum and synthetic lubricants are aiso required to with-
stand extremely high temperatures in today's automotive and jet engines without excessive
breakdown.

Without the antioxidants our foods would become rancid, plastics become brittie and crack,
tire sidewalls craze and eventually fail, and fuels and lubricants will corrode equipment and
require shutdown for repair or replacement. Good antioxidants are therefore a valuable
commercial commodity, particularly for the polymer (including elastomers) and petroleum
industries.

In selecting patents to be covered in this review, the term antioxidant was applied in a
strict sense of the term. Materials used to improve stabilization such as heat stabilizers for
PVC, ultraviolet stabilizers for polyolefins, acid acceptors, dispersants and the like for lubri-
cants were not included. However, antiozonants were considered a special form of antioxi-
dants and were included in the review. Multicomponent stabilizing systems containing anti-
oxidants or antiozonants were also included.

Most of the 247 patents covered in this review were issued since 1972. The old time stand-
bys, the phenol and amine antioxidants, are still being synthesized. However, many of the
new compounds produced as antioxidants combine a hindered phenol group with another
group containing sulfides, triazine, phosphates, phosphites, etc. which give active materials
hopefully having the advantage of two or more stabilizing moieties.

TEST METHODS

Various test methods have been used repeatedly throughout the book. To avoid unneces-
sary repetition, the procedures are given here for reference purposes.

Oven Aging Test

Unstabilized polymer powder is thoroughly blended with an antioxidant. The blended ma-
terial is then milled on a two roller mill at 182°C for 10 minutes after which time the sta-
bilized polymer is sheeted from the mill and allowed to cool.
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The milled polymer sheet is then cut into small pieces and pressed for 7 minutes on a hy
draulic press at 218°C and 2,000 psi pressure. The resultant sheet of 25 mil thickness is
cut into smail plaques and tested for resistance to accelerated aging in a forced draft oven
at 150°C.

Fadeometer Test

The 25 mil plaques prepared as described in the Oven Aging Test are placed on a white
card stock background and exposed in a Fadeometer. The specimens are tested for em
brittlement at 20 hour intervals by bending them 180°. The resuit of this test is recorded
as the number of hours the specimen stayed in the Fadeometer until a clean break is ob-
tained.

Weatherometer Test

Solid polymer is milled in a two roll heated mill and the additive is incorporated in the sam-
ple during the milling. The samples are pressed into sheets of about 17 mil thickness and
cut into plaques of about 1%" x 12", The plaques are inserted into plastic holders, affixed
onto a rotating drum and exposed to carbon arc rays at about 52°C in a Weatherometer.
The samples are examined periodicatly by infrared analysis to determine the carbonyl band
at 1,715 cm™ which is reported as the carbony! number. The higher intensity of the car
bonyl band indicates a higher carbonyl.concentration (expressed as carbonyl number) and
accordingly increased oxidation.

Falex Machine Test

This procedure is described in detail in Lubricant Testing by E.G. Ellis published by
Scientific Publication Limited (Great Britain), 1953, pages 150-154. |t is also described
on pages 21-1 and 27-2 of the Handbook of Lubrication Engineering, O'Conner, editor,
McGraw Hill 1968.

Briefly, the Falex machine consists of a rotating pin which runs between two V shaped bear
ings which are spring loaded against the pin and provided with means for varying the load.
The oil to be tested is poured into a metal trough in which the pin and bearings are partly
. submerged. The machine is operated for 5 minutes each at 2560 and 500 pound loads and
then 45 minutes at 750 pound load. The data collected include the temperature of the oil
at each of the loads, as well as the wear which is determined by a ratchet wheel arrange-
ment in which the teeth are advanced in order to maintain the desired load. Each tooth is
equivalent to appruximately 0.000022 inch.

In another series of tests the machine is operated for 5 minutes at each load from 250 Ib
to seizure at 250 Ib increments. The maximum load, the time in minutes at this load to
seizure are reported, as well as the temperature of the oil. In this case the higher tempera-
ture is preferred because it means that the o1l is operating satisfactorily at a higher temper
ature.



PHENOLIC ANTIOXIDANTS

Phenolic compounds comprise one of the oldest and most frequently used category of anti-
oxidants. Foremost among the phenols are the so called hindered phenols in which the
aromatic ring contains alkyl groups, preferably branched groups such as tert-butyl. The
hindered phenol moiety appears in many of the antioxidants produced in recent years,
frequently combined with other active antioxidant groups.

HINDERED HYDROXYBENZYL ALCOHOL DERIVATIVES
Esters of 3-Hydroxybenzyl Alcohols

Antioxidants useful in many organic materials have bee;»repared by J. Song and
H. Richmond,; U.S. Patent 3,795,700, March 5, 1974, assigned to American Cyanamid Co.
from phenol alcohols having three alkyl groups.

More particularly, these antioxidants are compounds of the formula:
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where R is branched chain alky! group containing three to twelve carbons; Y is the residue
of the carboxylic acid Y(COOH),, provided that when Y is alkyl and n is one, Y contains
more than ten carbons; and n is one to four. N
Hlustrative of the branched chain alkv! nroups represented by R ortho to the phenolic hy-
droxy group and para to the ester group are isopropyl, tert-butyl, sec-butyl, tert-amyl,
sec-heptyl, sec-octyl, tert-octyl, tert-nonyi (1,1.dimethylheptyl), «,«-dimethylbenzyl, methyi-
cyclopentyi, methylcyclohexyl, and the like.

Hustrative ot the carboxylic acids Y{COOH), of which the moiety Y forms part of these
compounds are monocarboxylic acids such as stearic, myristic, palmitic, benzoic, naphthoic,
salicylic, phenylglycolic, pyridinecarboxylic, mesitoic, oleic, and the like; dicarboxylic acids
such as 3,3'-thiodipropionic, phthalic, hexahydrophthalic, terephthalic, adipic, p-phenylene
diacetic, oxalic, malonic, succinic, pimelic, azelaic, sebacic, nomophthalic, maleic, fumaric,




