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o] &9 half lifet BESL Lo )& vhd3t 2y

N, N’-dialkyl-p-phenylenediamine (UOP 288) :

11hr.

N-alkyl-N’-phenyl-p-phenylenediamine

Stay 300) : 34hr.
N, N'.diaryl-p-phenylenediamine(Wing-Stay
100) : 134hr.

o) k7t & EREEEEE dialkyl-p-phenylenediamines
FfEERe 2h e AL BRRHAC Z25F7F Bkl 2
& shal el Aolel. HelA MeEtkE miAzls
A = o] B} fite Tl I alkylphenol =&
diaryl-p-phenylenediamines} & #{LBFIEHS) F
Fiel ubghA sl

(Wing-
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phosphite}fe] Z(LBHILBIE WEMNL Aoz o1 F
L MKSHE Lozl

3 SFBo] B¢ phosphiteffis MALSHAES
arh @A & 4 AR 2 A SUERETAA= 7
3 MkERsE s eh. =3 phosphite}Re] £1b
BiIkBl= g o]y &ike]l BAEH=RE IYI¥
A d2 FRAT I g+

A ELBIEEY HERY HRe oF EEsted
EE KREE st v, O ARRT BEER
A e ol B HiRe]l e A B 7 JAF K
R e SULRES A& Eebed kW TYMTER
AAE 288 EfRe]AY AAA YA g A& HE
g}, o] SholE KBV =& BR Bl S Aol ¥
2 BiEE RS Bkl R#islza abadbd & #ikel
ZA -+

T e BHIEREE o] 59 MRER-e dialkylst
alkylphenyl-p-phenylene-diamine¥ge] &4 W%
2 uLE 85 HERd Bl

T ELP LR Al BS A A BRE
E WREES ok sk uP o] & BEAY HE
FES WHER R ol B3 HEN BB & ¥
fr% =& B Badte stad BEE Se
7ol BHR Fgkelvh.

e o) e EERA V¥ 6T 4T de
u}, o8 BmEAL FDAGREMARERE T EE
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BRSO 2o derhA g B ol HL
IE#E Estel ok ¢ Astel B o EE HH
o W 2% Aoz ¢AT o) % EEsd ud ohesh
.

B m5AEe] Rk 9 SRk, BREEL BERS
t Zhe, ZEEES Fi%e rREH ® HHR
t =g JEGRE, RE =k ERE, Ehd 43 &
2, WAEEE ZEshd ok Aok

T FAR LR BREe ) 2@ L Badty
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2 ohga 2o 1, 22, %3594 Zov E A4
A ol 8 HRmEE Fot £ F A

E 1 ZBHEHS fHid 2oy X
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Monohydric phenols Low cost

Polymer Stabilization

Bis-phenols

Polyphenols

Dihydric phenols

Phenolic sulfides

Phosphites

Mixed

phenolphosphites
Thiodipropionates

2% B2R

Minimum discoloration and staining
Selected ones F and DA approved
High solubility in rubber

No effect on cure rate

Some discoloration and staining
Selected ones F and DA approved
Low volatility

No effect on cure rate

Slight discoloration and staining
Low volatility

Very persistent

Some are I and DA approved
Mostly hydroquinone derivatives
Considerable discoloration

Some color problems

Low volatility

Low cost

Excellent color

Combined properties of each
Autosynergistic

Synergistic with phenols
Good for polyolefins

Poor antioxidant by itself

Carcass and sidewalls
Light colored mechanical goods

Latex stabilization
Light colored mechanical goods
Polymer stabilization

Latex stabilization

Latex compounding

Rug backing

White sidewalls

Stabilizers for stereo rubbers

Nitrile rubbers

Latex compounding

Foam

Rug backing

Polymer stabilization

Suppress gel formation

Polymer stabilization

Latex compounding

Not recommended for compounded
stocks
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Alkylated
diphenylamines

Alkoxydiphenylamines
Acetone diphenylamine
reaction products

Arylnaphthylamines

Polymeric
dihydroquinolines

N, N’-dialkyl-p-
phenylenediamines

N-alkyl-N’-phenyl-p-
phenylene-diamines

N, N’-diaryl-p-pheny-
lenediamines

N, N’-di-f-naphthyl-
p-phenylene-diamine

Slight discoloration and staining
Negligible effect on cure
Better than some phenols
Discoloring and volatile
Good antiflex cracking agents
Slight antiozonant activity
Active antioxidants
Good flex cracking agents
Partially volatile
Active antioxidants
Moderate volatility
Negligible effect on cure
Severe discoloration
Toxicity questionable
Very low volatility
Good heat resistance
Moderate discoloration
Low volatility
Discoloring and staining
Increase cure rates
Toxicity varies with mol. wt.
Easily oxidized

(Continued)
Volatility and toxicity depend on

size of alkyl groups
Excellent antioxidants
Excellent antiflex cracking agents
Discoloring and staining
Activate the cure
Low volatility and toxicity
Limited solubility
Excellent antioxidants
Excellent antiflex crack agents
Discoloring
Low staining
Negligible effect on cure
Very low solubility and volatility
High melting point
Good antioxidant
Metal deactivator
Some discoloration
Negligible staining
Toxicity questionable

NBR Stabilization

Latex compounding

Limited use in rubber compounding

Component in some antioxidant
blends

Polymer stabilization
Antioxidant for general

compounding
Polymer stabilization
Mechanical goods
Tires

Heat resistant stocks of all types

Potent antiozonants
Excellent for short term ozone
resistance

Antiflex cracking agents

Metal deactivators

Used in treads, side-walls and
mechanical goods

Polymer stabilization

Polymer stabilization
Used in treads, side-walls and
mechanical goods

Used in antioxidant blends
Foam

Rug backing

Heat resistant stocks

2 ERREHN ZAEES ek

Antio- Flex- Antiozo- [py; :
Class of : : Discolo- .. R .1:..| Chemical
PNt xidant| Cracking nant - 1 Staining |Volatility|Solubility, A1: Cost/1b
Antioxidant| a Giviiy] Activity| Activity ration g Stability
Monohydricl ;504 to | Mod. to Sl i
: . ght toj Slight Low to | No g

gﬁ%%%rlgd poor poor none mod. to mod. | mod. bloom | Stable |$.70-1.00

Bis-phenols | V good | Mod. to |negligible| Moderate| Moderate] Vliow to | No Slight .65-2.50
to Mod. | poor 1 bloom oxidation
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PolyphenolsiV good [Mod. to |negligible|Slight to [Slight Very low [No bloom|Slight $1.50-
to Mod. |poor mod . oxidation 5.50
Phenolic  |Good to |Mod. to [|negligible|Moderate]Mcderate |V low to No bloom|Slight $ 2. 00~
sulfides Mod. poor low oxidation 2.50
Phosphites |Good to |Mod. to |none Slight  [Slight |V low to [No blocm|Hydroly-|$.60-.70
Mod. poor low sis

Alkylated Good to |Moderate |negligibleMod. to |[Moderate|V low to [No bloom|Slight |$.95-1.05
Diphenyla- Mod. conside- low oxidation

mines rable )
Aryl Good Good neglible |Conside- |Moderate (V low to [No bloom|Oxidation|$1.75
naphthyl- rable [to consi- low

amines derable
Polymeri- [Moderate Moderate |Moderate |Mederate [Slight Low No blocm|Slight $1.05~-
.zed dihydr- oxidation 1.25
oquinolines
Acetone-  |Good 'V good tojModerate |Conside- [Conside- Moderate [No bloom|Oxidation|$ 1.05
diphenyl- good rable rable
amine
products
Dialkyl-p- |Good Good to |V good tc[Severe [Severe |V low to {No bloom|Conside- |$1.60-
phenylene- mod. good low rable L75
diamines oxidation :
Aryl-alkyl- Very Very V good toSevere  |Conside- |V low to [No blocmOxidation}$ 1. 25-
phenylene- |good good good rable tojmod. 2.00
diamines severe
Diaryl- Very Very Good to (Severe [Conside- |V low to [Possible |Oxidation|$1.35-
ghenylene- good zood mod. rable (low bloom 2.25

lamines )

% 3 - eBhibRY Mgl o9 BEX
Class of Antioxidant

Chemical Name Sm(;)(l;-‘ture
Monohydric hindered phenols
2, 6-Di-t-butyl-4-methylphenol (H30)C C(CHals
(Ionol)
CHs
Bis phenols OH OH
2,2’ -methylenebis(4-methyl- v
v ( o {H3C)3C CH, C(CHy)s
6-t-butylphenol)

(AO 2246)

CH3 CH3
Polyphenols Structure not disclosed
Butylated reaction product of
p-cresol and dicyclopentadiene
(Wing-Stay L) OH

CCHa5} CHyCH,

Dihydric phenols H3CCHo(CHy),C
2,5-Di-t-amyl hydroquinone OH

(Santovar A)
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Phenolic sulfides CHy CHs
4,4’ -Thiobis(6-t-butyl-3-methylphenol) HO S _2 O >—OH
(Santowhite Crystals)

CiCHsls CiCHa)
Phosphites
Tris(nonylphenyl) phosphite 9 P
(Polygard) CsHig 3
Mixed phenol phosphites Structure not disclosed
(Age Rite Geltrol)
Thiodipropionates
Dilauryl thiodipropionate (H.:C::00CH,CH,).S
(DLTDP)
Alkylated diphenylamines ’
s . . H,,C NH CyHiz
4,4'-Dioctyldiphenylamine 178
(Octamine)
CHs

Polymerized dihydroquinolines
Polymerized 1,2-dihydro-2,2,4-trimethylquinoline

(Age Rite Resin D) N CHg
I CHy
H n
N, N’-Dialkyl-p-phenylenediamines
N,N’-Bis(1-methylheptyl)-p-phenylene diamine Hi:CsH N@— NH-CgHuz
(UOP-288)
N-Alkyl-N'-phenyl-p-phenylenediamines
N-(1,3-Dimethylbutyl)-N’.phenyl-p- Hy3C6HN @ NH ‘@
phenylenediamine
(UOP-588)

N, 'N’-Diaryl-p-phenylenediamines L

N-Phenyl-N’-o0-tolyl-p-phenylene-diamine < O > NH @ NH @
(one constituent)

(Wing-Stay 100)

, NH —@- NH
N, N’-Di-g-naphthyl-p-phenylenediamine
(Age Rite White)

# 4 TR ZIHIER) BHEEK

(1) *Materials and Compounding Ingredients for Rubber,”, Rubber World. Bill Communication
s, New York, N.Y.(1975). ,

(2) Antioxidants and Antiozonants, E. 1. DuPont, Bulletin SDA-54456.

(3) Vanderbilt’s Rubber Handbook, p.272 (1968).

(4) R.R. Barnhart and T.H. Newby in “Introduction to Rubber Technology,” M. Morton, Ed.,
Van Nostrand Reinhold. New York, N.Y., p.144(1969).

(5) G.C. Maason, R.J. Fawcett, and W.R. Connell, Encyclopedia of Polymer Science and Techno-
logy, Vol.11, p.190 (1965).

148 AR TEGEE



nEe BB

Bere MEBEAE AP REEY g
2} skl el o] 2e RES HES] oH % A uh, o
8 EhEA 7Y B R #R BEE,
M, MEREE BERSl ok i) w) o]k

A ZLBEElE 29 6l A o] o] £%K
9 BEEe] duvl o Lk BE Hmald 28y K
THe =AW HbE FA 2.

ZLHIEHY BEgrc BEs 9L A 2R
9 BLRIES doA E{LBiie Bx mEs
fA Y bis-phenols} polyphenoliE= 0. 53 £l B
el LIl ol = Eibphikmasd & H%E4 Ay}
%3] p-phenylenediamineffo] #{bpyiLEl: W)

on RubberHour
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Antioxidant Conc., phr

‘Fig. 6 Effect of antioxidant concentration on
initial oxidation rate of NR gum vulca-
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