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Improvements in or relating to the Treatment of Rubber

' We, THE NATURAL RUBBER PrODUCERS’ - discolour badly during ageing and exposure t0
RESEARCH -ASSOCIATION, 2 British Body Cor- light. Furthermore even in dark-coloured
porate, of 19 Buckingham - Street, Adelphi, articles they cannot be -used in contact with
. London, W.C.2, do hereby declare the inven- .- light-coloured components since the antide-
5 tion, for which we pray that a Patent may be gradant will migrate into or on to the surface 50
* granted to us, and the method by which it is of the light component and discolour it. For
_ to'be performed, to be particularly described in - these reasons the less efficient phenolic anti-

[V A S

) , - and by the following statement:-— ~ degradants are .no_rmally-prefen'ed for light -
. This invention relates to a process for im- coloured articles, especially those produced.
10 proving the resistance 10 degradation of un- from rubber latex. ' : 5 .

IR saturated natural and synthetic rubbers and to' - It has now. been discovered that efficient

RS © the improved rubbery polymers prepared by antidegradants - chemically united | with™ the -
the process. More . particularly, the invention macromolecules of rubbery polymers mav be
is concerned: with the formation of a rubber- produced by the reaction between the polymer -

15 - bound anti-oxidant which is formed by the and a"suitably constituted aromatic compound 60

""" chemical reaction of an aromatic .nitroso com- containing 2 Ritroso group attached to one car-
pound with the molecules of the rubbery poly- bon atom of the aromatic ring. In ‘this reaction
mer. . . e ' the nitroso group is converted to 2 secondary

The oxidative degradation of rubber articles amino group having the polymer molecule as
90 is normally retarded by the addition during one substituent. By this means may therefore 65
. compounding, and before vulcanization if em- be’ formed N,N’-substituted - phenylenedi- :
ployed, of chemicals capable of retarding the amines, aminophenols, ‘and other antide-
reaction of the rubber with oxygen or 0ZORe. gradants which are chemically -united to the

° These chemicals are most usually phenols or  polymer molecules, and cannot be removed

25 aromatic amines, or combinations of these with . -even by the most exhaustive extraction pro- 70 .

' or without other functional groups, metal di- cedures. . T _ T
: thiocarbamat'es,-d_ithiophosphates_or other com- . Since the antidegradants of the present in--
plex compounds. It is an essential feature. of’ vention are chemically united with the macro- -

. their use thatv they - should not undergo _molecules of the rubbery polymers, these anti- -

. 30. chemical reactions during the manufacturing  degradants cannot be removed by the actionof 75
‘or vulcanization process, and this may be de- - _organic- Or aqueous solvents and therefore :
monstrated by their recovery from the manu- ' markedly improve the ageing resistance of
factured article by extraction with organic sol- articles subjected to such action during use.
“vents. In applications where the article is at Similarly they are not removed by volatilisa- -~ - .

'35 any time in contact with such solvents the re- tion at.elevated temperatures and. therefore 80

~ - sultant loss of the protective agents increases -jmprove high temperature ageing compared to -

. "the rate of ‘degradation. In addition, the finite conventional - antidegradants, even when con-
solubility of the commonly used antidegradants  tact with solvents is mot encountered during
" in water results in a similar loss during con- 'the use of the articles. Migration staining of
40 ‘tact with aqueous solutions, ‘reducing the ser- articles in contaet with the polymer does not. 85 -
- vice life of articles such as hoses, hot-water . 0Occur because the antidegradant is bound to.
" bottles and motor vehicle tyres. ' . the polymer molecules. : _
" The use of the most efficient amine antide- * - British Patent Specification No. 785656

- gradants, the substituted p-phenylenediamines, - concerns & Process for pretreating rubbers be-
45 is limited to- dark-coloured articles since they .. fore compounding. and ~yulcanization by re-. %0
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acting together in the absence of sulphur a

- vulcanizable rubber and an aromatic nitroso

compound. The object of the process is to im-~
prove the dispersion of carbon black and other
fillers in the rubber, as improved dispersion
leads to an improvement in certain dypamic

* properties of the vulcanizates. The invention

1s primarily directed at butyl rubbers but is
also applicable to unsaturated rubbers. .

The process of Specification No. 785656 is
a pretreatment effected with prolonged hot
milling or working of the reactants during and
after reaction. According to one aspect of the
present invention, we have found that it is pos-
sible to obtain the improved dispersion pro-
perties described in the said prior specification,
in addition to the rubber-bound antioxidant

- properties which are the principal object of this

invention, during the normal compounding
process and without prolonged milling of the
reactants together during reaction. o

In accordance with the present invention

. there is provided a process for improving the

resistance to degradation -of an unsaturated .
natural or synthetic rubber, which process
comprises reacting the. rubbery polymer, in the

- presence of the fillers, additives, vulcanizing

agents and other compounding ingredients
which are required for the final rubber com...
position, at least one filler, additive, vulcaniz-
ing agent or other compounding ingredient
being present during the reaction, with an aro-

matic  nitroso  compound having.  the
_forx_nulaz— : .
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"5. . 0—8;
B Rs
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“ .
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where Ry, R;, R, and R, zhay be the same or
different and each represent a hydrogen atom,
4 saturated or unsaturated' aliphatic (includ-

ing alicyclic) group or an aryl, aralkyl or

“alkaryl group which may contain one or more
‘non-carbon' atoms, or may, in the case of
- formula (I) form one or more additional aro.

matic rings fused to the aromatic ring show
in the formula, provided that said groups
aromatic rings are not so large and so positio;
ed as to prevent the functional ~~NR,R;

-—OR, group from exerting -its antidegradai

effect or the reaction of the nitroso compoun
with the rubbéry polymer,
Rs, R and R; may be the same or differer

- and each represent a hydrogen atom, a satu

rated or unsaturated aliphatic (including al;
cyclic). group, or an aryl,. aralkyl or alkary
group which may contain one or more non
carbon atoms, or R; and R, together with th
nitrogen atom to which they are attached forn
a heterocyclic ring which may contain one o:
more other hetero atoms,

According to a modification of the proces
described above, the rubber is used dry -anc
the reaction between the rubbery polymer anc
the aromatic nitroso compound is performec

- during normal compounding and without pro-

longed hot milling or working of the re-
actants together during reaction, but before
addition of either the vulcanizing agent or the
accelerator or both, and optionally also before

" addition of certain other fillers, additives and

compounding ingredients, as more fully de-
scribed below. B -

Preferred aromatic. nitroso. compounds
which may be used in the process of this in-
vention are those which contain the —NR;R,
or —OR, group in a position para to the
nitroso group. Such preferred compounds have
the following general formulae: —

.1'27

0
Ry R3
: or R R4
N
Sl 5 ™

wherein R,, R., R;; Ry, Ry, Ry, and R, have_',

" the same ‘meaning as defined above.

Examples of specific ‘aromatic nitroso com-
pounds which are preferred for use according
to the present invention are as follows: — -

. Compound _ ~ Abbreviation
* N,N-dimethyl-p-sitrosoaniine . DMNA
' N,N-dicthyl-p-nitrosoanifine 'DENA -
p-nifrosodiPhepﬁaﬁx_ine e | NDPA -
p-nitrosophenol ) ._ NP -
* 2-methyl-4-nitrosophenol . 2MNP
_3-methyl-4-nitrosphenol . 3MNP
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TABLE.2 - . Nat ural rubber
forrrulatlons_g _ _ A .. B
C t o3 " E : L185.8%ri fi ed rubber* - o3
100 ‘ing sjizn . 1(;2-.0 - The preferred aromatic nin@@dﬂuiﬁh@ehsﬂ gisﬁjd}d -before, together with, or after
100 'grou}).‘:..or 1G0 p-nitrosddilhenylamine (NPDA) which cotlAFsu ahids fillers, additives, vulcanizing agents
45 ?position- 45 - bines Bepdramyoxidlant properties with little or other compounding ingredients as may be
5 NR;R; or tendenicy, go Pigratgefrom unvulcanized com- determined for the subsequent application by -
degradant | S § positions. : the usual practice of the art. 70
) ‘ompound x As refetred to herein the term “rubbmst'eaﬂ'c!:o?di%gciosgne aspect of the invention,
2 L2 % polymer” 4s intended to inclide both natural the reaction between the aromatic. nitroso com-
“different 50. ¢ " and synthetic polymers containing unsaturated pound -and the rubbery polymer is. conducted _
5 2 satu- ¥ - carbon-carbon linkages, or other groups cap- in the presence of all such added compound-
ding ali- { 10 able of suitable reaction with the compounds ing ingredients which are desired for the final 75
¢ alkaryl of formulae I, II, 1II and IV abové. Rubbery . rubbe{ composition. Reaction is normally ac- :
re non-- polymers suitable for use in this invention do complished by heating the two reactants to- .
with the 55 not include those normally regarded as satu- gether, for example, at a temperature of from
edform = - - rated polymers, which contain. very low 50°C. to 250°C,, preferably from 100°C. to ..
vomeor & 15 amounts of unsaturation for vulcanization pur- 200°C. for from 60 to 0.5 minutes, higher 80
B poses, . for example, ethylene-propylene ter- temperatures requiring shorter reaction times.
process - polymers and butyl rubber.’ . It will often be convenient to effect this re-
Iry and 60 | - The invention is applicable to rubbery poly- action as part of the vulcanization process, but
ler and i mers comprising unsaturated. natural or syn- the reaction can be performed prior to vul-
formed 20 thetic rubbers, in latex or in dry form. Ex- canization. . ' ' 8
it pro-- ' amples of synthetic rubbers which have been =~ Cold mixing of the rubber with the aromatic
he re-- successfully treated in dry form are cis-poly- nitroso compound and other compounding in-.
before 65 isoprene, polybutadiene, styrene-butadiene co- = gredients may be effected in an open mill
orthe - "f.. - polymers; acrylonitrile-butadiene copolymers, with subsequent heating of the mixture to
before . 25 and polychloroprene. This rubber-bound anti- effect reaction. Such cold mixing is effected at 90
s and oxidant effect may not easily be obtained with temperatures below 100°C., and generally at -
y de- synthetic latices unless alkaline stabilizers are temperatures of from 40°C. to 70°C.
70 neutralised and. vulcanization times are suffi- It is common practice in industry to com-
unds . - ciently long to ensure reaction between the pound large volumes of rubber in internal
s in-. -~ 30 nitroso compound and the rubbery polymer. mixers. It is usual to masterbatch the rubber, 95
RsR; - - Latex ‘compositions. may be prepared by filler, zinc oxide, stearic acid, antioxidant and
- the mixing solutions or ball-milled dispersions of oil in the internal mixer using high tempera- -
have 75 the aromatic nitroso compound and the-other tures (100°C. to 180°C.) and short times (2 to
' ... compounding ingredients with the rubber latex, 6 minutes, lower times with higher tempera- -
35 followed by air-drying, coagulation, dipping or = tures). We have found that inclusion of the 100 .
- foaming by well-known techniques, and finally ~aromatic nitroso compound, - particularly
- by reaction. between the rubbery polymer and NPDA, in the internal mixer, can not only -
the aromatic nitroso compound during vul- . result in the formation of a rubber-bound -
: " canization. : _ antioxidant as described above, but can also- -
40 - The present invention provides 2 simple and - result in improved dynamic properties of the 105
: effective means of improving the antidegradant vulcanizate. - - ' .
. properties of articles made from compounded -~ We have found ‘that prolonged hot milling
-or vulcanized rubbery polymers, particularly * or working of the reactants together during re--
: under conditions where -physical loss of anti- action is liable to prevent the formation of the :
+ 45 - degradants occurs by, volatilisation or extrac-- desired rubber-bound antioxidant, and this is 110
o : tion by organic or aqueous solvents. The pro-  particularly true of hot milling at tempera-
e cess is technologically attractive, normally re- tures above about.100°C. An advantage of in-
: . quiring no deviation from standard compound- ternal mixers is that dispersion of the com-
- 80 - ing practice, having only marginal effects on pounding ingredients in the polymer matrix
g - 30 the_ initia] ' physical properties of the vul- may be accomplished in quite a short time 115
: canizates, and being applicable to. a wide without prolonged working. It is therefore pre- '
range of vulcanizing systems. The advantages - ferred that the reaction between the aromatic
. of rubber-bound antioxidants should be of nitroso.compound and the rubbery polymer is -
o _ great importance wherever NR vulcanizates effected during the normal mixing of the rub- -
- § . 35 are exposed to constant leaching with water bery polymer and the other compounding in- - 120
R ¢ or to dry cleaning or laundering processes. - gredients; apart from the vulcanizing agent ’
. - .- Typical articles benefiting- by this invention . and/or the accelerator, in an internal mixer.
R 1 - would be vehicle tyres, steam and water hoses, When the vulcanizing agent is added in the
1 - pipe sealing rings, latex thread, foams, carpet internal mixer, a retarding agent is preferably - .
. " 60 backings, bonded fibres, rubber gloves, diving also added to avoid premature vulcanization..  125°
S equipment and swimwear. The reaction is preferably effected in the :
R " In carrying. out the process of this inven-  presence of such quantities of fillers pigments
N - tion the aromatic nitroso compound may be . and extenders, zinc oxide, stearic acid, pro-
N mixed with the dry rubbery polymer by-any cessing oils and antidegradants as are desired
. Ll _-._65 - of the usual processes known to the art. It in the vulcanizate. After reaction, the vulcan- 130
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The amount of aromatic nitroso .compound” -used for the nxtroso compounds set out ir
used m the process of the invention is pre- Table 1.
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100 Ni troso DENA E 30
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Oxi dation and stress rel axation of TMID vul cani zat es

T[ err] (hours) T[err] (m nut es) Extract ed
Add| t | ve | canizate Une-eretec——Extracted  Unextracted Extracted
- - DENA B 180 150
155 o - ' DENA D
820 . 480 100 *%100 100

| 6 tion of two vul cani zat d88H89Exanpl e 1 after 160 _
esi stance of the aromatic continuous washing with cold tap
- nitroso conpound antldegradant to renoval by
ble 5). - : 5 \/vater’l'ArBli!3 HéGrotmed)at ed by comparing

t he TABLE 5
32 , . O<i- dat.i on t’f°s° wfné’?ungxt racted
vul . 25 Name : o Abbrevxauons : : - Structure =
T[ e i _ , _ — Yotcantzate 25 —
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C - 39 | .33 o iy
E 26-D1-1s opyl-4-mtroso heno:‘f’2 P _ Ho— No
1 C o phenol g | BPRFN E
118 . *i npr ovenent bel i evid to .
ari se §f renoval of pro-oxidants by the
extrac pina simlar manner to ‘that described wrth respect to
Tabl e : ' S , . . - S By
_ _2,6-Di-t-Bﬁtyi—4~1iitrosopﬁenol . 26DBNP o Qﬁﬂ
" 3-Methyk-dnitrosophenol © . 3MNP . - o0 M‘Q"’"f
3,5-Dimethyl-4-nitrosphendl =~~~ 35DMNP o “"-—.Q""‘)
_ . : o . - " Me
 Exampig 1 : techmques The additive was enher an aro-

The natural rubber compounds shown in matic nitroso compound or a conventional anti-
Table 2 were prepared by convenuonal mixing  oxidant. . :

e )
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TABLE%G——-— Ckld’;bgﬂuﬁﬁkdulcanlzateslafeparegmmnth nitroso conpounds of
Table 1 - _
Hour s t0'1@6absorpt80ﬂmiﬂHGNB§$B Unextracted lﬁkeotroﬁy ext r at¥ed
None : ! éé’ - 3 : ' '
ck : 45.
DVNA ? HAF - 36 .
DENA . . Dutrdigl ' 42 5
NDPA . 59 -
NP o Zine %’B“e ' 25 5 5 5 5
NT ' StearidAcid 1@ 2 2 2 2
N-Cyclohezylbenzothiazole- 0.5 0.5 0.5
2-sulphenamide (CBS) . B
Sulphur 2.5 . 2.5 _ 2.5
_ Tetramethylthiuram - 4 4
disulphide _ _
:  Additive ' - 2 2 2 2 2
-+ Cure time mins/°C. - 407140 60/140 40/140 60/140 40/140
.. DUTREX is a Registered Trade Mark.
*U. S Rubber Co Type 2130A, acetone extracted before use.
s | Sheets 0.3 mm. thick were prepared by vul- lowed by a snmlar hot’ extractmn, the solvent
) canization as indicated (Table 2) and the oxy- being removed from the extracted strips by .
.gen absorption in pure oxygen at 100°C. and pumping at 102 mm. of mercury for 24
- .5 the stress relakation at constant elongation in  hours. Tables 3 and 4 show the time (T;) in-
\ aro- -5 - . air at 125°C. ‘measured on 10 cm x 0.5 cm hours required for the specimens to absorb 19/
i anti- . strips before and after the extraction process. Ww/w of oxygen, calculated on the total weight . .
: . “This consisted of cold extraction for 24 hours of vulcanizate, and the time (T,,) in minutes .
' 10 ‘under nitrogen with methanol/acetone/chloro- for the loss of 30%, of the initial stress.

form azeotrope in a Soxhlet apparatus, fol- .

15
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r ubly | ow- at the end of Table 6 confirm -
t he i ng Tabl e Nitespows t heDENAy| t s 6f exper1’9mant s. 3 108 100
10 - bound antbﬁé&gants frﬁﬁkhhls cgass usgg varigys partgoof *%100
DENA' i-f v ui i zat e of conpound generally, but '
show .t hat. .t - C of Tabléﬁﬁwo NEWA - C 6®ffecti §eness i . 160
reduce Eky substitygnts o '
Tl err] DENA . Nitroso NT pagt s 30 Unexiz act ed
: _ : . 0.3 : 31 L -
1.0 - 37 " Conventional .37.IPPD A - 57 . 4 - 110 3
2.0 ; 39 Conventional ~ J®PD’ | - C - 47 ' 4 156 - 25
Conventional ~ IPPD E 0 7 100 25
Conventionsl = TMQ c 53 5
Conventional BHT C - 47 2

*Apparent i increase due to normal expenmental erTor.

**This result actually shows an increase in the relevant times after extraction. Tlns unexpected
provement is believed to arise from the removal by the extraction step of pro-oxidant substance -

BHT is 2,6-di-tertiary butyl—p-cresol

The results above clearly demonstratc that
the antidegradant effect is retained, and may

5 those rubbers prepared using the nitroso com-
“ " pounds. -

When  tetramethylthiuram

(TMTD) is used as the sulphur donor or as

10 an as yet unspecified interaction occurs with a

even be improved, after extraction only by -

as process oils or catalysts, the effect of which is masked when usmg conventionai annoxxdants by
more serious: removal of the antioxidants themselves. .

IPPD is N-isopropyl-N’-phenyl- phenylenedxanﬁne'
TMQ is polymensed 2,2 4—trunethy1-1 2—d1hydroqu1nohne

.phenylenedlamme type of antxdegradant whic

reduces both the concentration of the latt
and the efficiency of the curing system. Whi

- DENA or its rubber-bound product undergo:
* ‘a similar interaction-in a TMTD vulcaniz:
dlsulphxde -

tion the results shown in Table 4 indicate a

- excellent retention of antidegradant propertit
an accelerator in vulcanization it is known that

even after extractmn as prewously specxﬁed



1, 185, 896

11 The

above Tabl e indicates an optinum effect of using either silica or whiti ng

The 'evelr ol _apodt I part Tor gum vutcani zates.
formulati on used was identical with that of
vul cani zate E gf Tabhle 2, but the fillers were
EXAMPLE 5 i ncorporated at the | evel of 30 parts per 100 10
Ef fect*"of vargdtiog of filler partsmsygggol une of rubber The
times to T9%0 Previous Exanptes traveused—cat bom—btack—w-w
oxygen ,absorptifon at” 100ferr]C. are shown - LE 4 as f| I I er.
The fol MeWing fesults indicate the in Tabl & 8" -
TABLE 8 Oxidation and stress reliﬁﬁﬂnﬁwf &‘MTD vulcamzates ,
Ef f ect Qf-variation of filler T N
Hour e 1% abgor ption - T (hours) Tso' (miutes)
at 166fewrl- _ Additive Vulcanizate. UnextracteE ' |ﬂx§5cted Unext?ﬂﬂlit 'E&ﬁ-acted
UnextFxitsctedl | Extr acted — Lica
None'—"T“‘- 40 DENA . . 14B 180 . 150 560 340 Si | i ca _
NDPA 1P 77 . 'DENA ’3p 155 155
VWi t i ngoo None ' 4 ' 820 ®
VWi tig - 1 NDPA ' 57 54 15 The
formaton of tihe rubber - boungxaii 2 ionFRAVE vk iz
X . ates of Example 1 after -
oxi dantepi n thg pres é[’heempénot' heﬁsemcfel bﬂ @lieS aﬂoﬁa.at'ich U&nnnuo@yvﬂts il wh. 618! RL Water for
vul cani zates Je O?e ceprappund antidegradant to removal by csoveh dayy€@able 5). _
froma variety ??“%%P%I‘Pﬁ’@art"é theypgida-3 S N
forrrulatlons<h0\/\n|n Table9
TABLE 9 | Tasi 5 F G
H -'32-7' I J Oxidation of @&élre?@a%zeﬁ)%léﬁhzﬁ&e copol yner
100 't - (I'ntol 1500 Pol ybut adi ene
(I'nten 55NF) - 100 %IS Pol ychl or opr enB, kdveopr ene V\RT)
izate
100 Aczsyl onitfi I e- but adi ene A(dﬁ,;(enac 8 ble 2 " Unextracted Extracted $00 -
DENA C 39 33
S DENA. E 30 apx
IPPD c - 45 8
ected im-- - IR ' ' :
ance such . - IPPD E 39 18 .
its by the L.
*Improvement beheved to-arise from the removal of pro-oxxdants by the
extraction step in a similar manner to that descnbed with rcspect ‘to
Table 3 above : . -
10 - EXAMPLE 3 S o txon afforded by a number of antmxxdants has
o The effect of an organic solvent (methanol/ been studied . using gum- vulcamzates The .
which ; acetone/chlorofonn azeotrope) on. the protec- formulation used was . 15.
latter - Heveacrumb SMR 5L 100
Yhile - - AL .5 L
rgoes . Stearic acid 2.
niza- 15 . - Sulphur : 25
ean . 20 N-Cyclohexylbenzothiazole-
rties . 2-sulphenamide O 5
E _ Annox1dant
. Cure time 40’/140°C
: The times requu'ed for the absorptlon of 1%, pletely removed by the orgamc solvent, the
25 w/w of oxygen before and after extraction by time to 1%, absorption being very close to
~ 'azeotrope as described in Example 1 are shown - that of the extracted control sample wnh no 30
in Table 6. Conventlonal antlox1dants are com- - antnoxxdant added




ci s- Pol yi soprene (Natsyn 400)

100

HAF bl ack 50 50 50
SRF bl ack  _ 50 . 50
Dutrex R (p cessing oil) 8 8 5
: . ' ' 5 5 5 5 . 5
de 4 12 '
10 . 1,185,896 - TABLE 9
: : i =-
1. Steari cid _
1 . 1 2 - Thaid Counar one
Oxidation of vulcanizates preparedSwith nitrosa compounds .of Table 1
1.5 1.5 ' : ) 0.5
: . _ Hours to 1%, abso_{puox_z -

%h$azo|e : ,
1. 5Additiye 1.5

. Unex_fracted AzleotEope extracted: O

None

2 2
DM 153

on}
: both before and afternextrac-

02%

30/15%

INTCDENhNTENE and KR¥NAC are Regizstered

he time taken for

was neasured as de§P bed in Exanpﬁ% 1. )
The regplts are giyen in Table

3 .
2
40/ 180

2 .
© 30/.150 ®

these'vylcanizates

- provides a further example of the p-nitroso-
amines, and although slightly. less effective in
- the extracted vulcanizate than the other two

tion of activity after extraction. -

The seven alkyl substituted 4—mtrosophenols-
at the end of Table 6 confirm the formation
of network-bound antioxidants from this class
of compound generally, but show that the
_ eﬁ'ectweness is reduced if bulky substituents

10

examined, nevertheless shows excellent reten-

N - TABLE 10
NPEE" '- 29 13
2MNP 32 19
' 26 DMNP 2 14
| 26 DENP .8 14
26 DPNP. 21 14
" 26 DBNP 15 5
3 MNP 28 20
35 DMNP - 2% 9
N,N;Dirfnetllyl-p-nitrosoaniline (DMNA) are present in the 2,6 positions or if both the

3 and 5 positions are substltuted

: EXAMPLE 4 '

In Example 1 above the various dry rubber

formulations wete made up with 2 parts of

additive per 100 parts of rubber. The follow-

ing Table 7 shows the results of- experiments

using various parts of DENA in vulcanizate
_C of Table 2

TABLB 7

- . T1 hom‘s )
~DENA" . = - - —
- patts Unextracted MAC extracted

03 La —
Lo - 37
2.0 . 39 30




Net wor k- bound anti oxi dants in synthetic rubbers.

Oxidation at 125C.

Hours to 1% oxygen absorption Rubber

Addi tive WP-SVA VL Ve Eeteret-ett

St yr ene- but adi dne . | PPD 36 16

NDPA < 538 . 33 Pol ybut adi ene

| PPD ; 25 ' T X _ :

NDPA 10 ¢ : - 31 Pol.ychl ot,tg518061e PBN - 11

91 \ 2§§ above Table icattgsb an opt’i-mur& effect’ o? using elth gal iting. The"

ACT yl_ Om trile- % ut a w”%ﬁFabout 1 part vulcanizates. 8 formulation used eﬁ ith that of

84 | ar £ 3D ~ 5 OduRaniiteVH GIOPILRIE but the fllers were

| PPIj ; 69 - : Ex?n%’”ﬂs 5 NDPA incorporated at the lev% of éé parts per i(y 10

50 §. 54 Effect of variation of filler P( bbgre gg mescto 1%,
d carbon black W oxygen a sorp 10n, 3t e .,hown

PBN i's phenyl - E)e?a F: ?@ﬁfﬁﬁ{,&ﬁaw aults adioate. Tablo g lNi\

al dol - al pha- napht y gﬁn?ﬁe condengsz;es?ats indicate the in ¢

EXAMPLE 7 ~Epatural rubber latex (QLA) wWasls snas then.

Various amounty of DENA were introduced corrpounded as shown i n Tabl e 11
as a 50% aqueolis bal | -nilled dispersi offeFingfovariation of filler |
TABLE 11- 2 F S ' Hours d\wqmtpn{,ybber | at ex
conmpounds 3 . : ~ at 160 M
N o P - }. ' Q 0.5_ .. Rutb 100
100 100 § 100 ___ Fiso. Aggige | newwaced Briaced
| | Silica None 40 : 16
~ §ilica  NDPA 7 3
Whiting - None - 17 4
Whiting NDPA 57 . 54
15 The formation of the rubber-bound anti- " EXAMPLE 6
" oxidant in the presence of these ﬁllers is thus Synthetlc rubber vulcanizates were prepared
conﬁrmed ' from a variety of polymers according to the 20 .
fonmﬂattons shown in Table 9.
| _ ;: : - ' o ) TABLE 9
F G H . I )
L ' Styrene—butadxene copolyner -100
h the . (Intol -1500) - -
o Polybutadiene (Intene 55NF) 100
15 ~ E -
bbe'; o Polychloroprene (Neoprene' WRT) 100
5 of Lo o S .
ow- * Acrylonitrile-butadiene (Krynac 803) . 100
snts ’ : . . .
ate 20 “cis-Polyisoprene (Natsyn 400) . - 100
HAF black | s . 0 50
' SRF black N | ' 50° . 50
‘Dutrex R (ﬁtoces’singbil)_ _ o | 8 8 | 5
Zinc oxide 5 5 5 5 5
- Magnesium oxide 4
.




Zi nc oxi de 1 2 1 6 5 2.5

Zi nc di et hyl di t hi o- 1 1 1 1

1 _ car-barate Sul phur

1 o ] 1 1 2.5 1 2

Tet rarret h', : uram _ di sul phi.de 140

' benz- "t hi azol e . ' _
12Thi our ea . 1,185,896 1 5

]C ' 30/ 100 30/ 100. 30/ 100 30/ 100 30/ 100

: Films (ca. 1 mmthick) were prepared by
xtracted film The physical pro-Tase 9. (Continued)

4nd cured and portions of com - pertﬁ es are sho in Ta e 12, 7
‘ pounds K and L. subjected to hot Soxhlet
gat es the reramkabkie agei ng resi stance 3 .1 . 101 . 2
#6 hours with_ a nethanol acetone/ aftefr extraction. of these
Wprepared 1cCoumarone resin : ~ chl or of or m azeot rope, d|5i-ed
aged accorctr;ggg to this invention. ;5 - 1.5 0.5
Physi cal  pr opert I es of
#zates of Tadﬂe,rcapmbenzthzazole . ~ Vul cani zate DENA-
Anaged. tract ed/ aged 1 day 100 ' R
parts - 'ISQEX t5 7% E. B. 23
o 930 MC Suaﬂur _ _Unt est abI e ' ' L5
o 330 880 - 28 100 700 ' 24
‘820 |[Edylengghourea 195 750 - 4005 .
885 Addiive 39 - 16 78§ 62 2. . 2
265 830 38 245 850 31 -

 Curitile e/5€4 on for N, NSO/3- baogsﬁapﬁe/m A0 50/140

A fdrtrter . expnpl e ot themoe mﬁﬁdtﬁ%%mﬂaﬁs@é& {ala’t € 1n th s and

t he foll__ ex filnms nakes

use. of € bl es. The I efid hifng taRén fbﬁﬁéﬂaﬁﬁc@ﬂia&@b abR& Stl&nwas measured as described in Examplcl
I ns were curlggl ofa.bxyﬁﬁﬁ[xeh be}f@e anchafm rextrac-az@bet fe@peare giverainttlle 10.

f (Table 13) - - " foR,keqph 5 hours. In this

-obtain- clearly the . superiority of the-network-bound 30

ed af ' ani zation for 1 h &gvwotke boamDantipxidanis i siatheticurubbros. |Pxidation 2 12586 .
gt f" trat ion was 1% of the r\tlj\ﬁ[)grl Isglht[ g; 1n-col Ouﬁmﬁshtaqty‘}oq‘?gegabsorpuon
“Rubber . _ Additive. = Unextracted Extracted
_Styrene-butadiene ' T Ipr 36 - 16
: B NDPA 38 _33..:
.Poiybutadi'exie_ - IPPD 2% 11
o o ~ NDPA 35 31
B l?ochMoroérene . PBN : o RS
| |  NDPA 55 50
" Actylonitrile-butadiene , .~ NA 48 . '15- _
S xoma w3
eis;Poiyi_soﬁreﬁe* - 1'15PD‘_ 69 R td-- :

' NDPA - 59 54

*Qxidation at 100°C. -
PBN.is phenyl-beta-naphthylamine.
NA is an ﬂdolQalpha—naphthylamine'c_ondensate. '




25 wusing either DENA or NDPA. DBNPD i s an

1,185, 896 TABLE 13 4 14
Ageing of extracted |latex fitie—
tCUTi_ g g Unaged properties - Aged 2 days at 100[ err] C
Merr]* TS . E B'-Corrpound - Additive  (hrs.) T.S. E.B.
T :113_,,8_.@_--- a3 s MR 2. . O BQ
. B 5 320 Exavbif7 - - g nmatural rybher latex which was then
DIVNP 1 . Various amounts of DENA were i_ntgdu8 NF;Bnpom:ﬁggs shown i%lﬁble 11. . 36
48 - - 40 as a 5Q93(pqueous bali-mi_lleddispers n i 5 DVN o 320 775 .
125 Vew 1do - 550 ' o P 5 .280 620
pourtd M (Thble 11) by co o Tame 11 EXANPLE 9
Do e b i 01 bachi oo o ey o . - Dipped filns
results '(ngﬁl gl 14) eﬁ;\r/l;ng. vv-eT'g ?)gﬁlhlgngﬁagﬂtslﬁd{ compounds  Technol ogi cal test
i ¢ ). Hal the nj, :
g QS’b/een-obt pineD in films produced®from com t;osgaﬁﬁﬁpg_um .2
0.505 .} . C _ SR—aRBHAE—D
" pped 1t ex) PR TRELEf% 100 M6t wor haboundi®nt i oxi%Bant s
nage : E - 14 .
4= | zinc &@Rd 1 day at 100[err]X. 1. 6 5 1
ﬁ/{j?f% o " eas ”En'ta_ hld-li_"h'is' ' E. B ]1 Merg] 1 T.S1 E
32 ].' _ | Zine I:tey thio- bENPD Unextracted 295 B
~ 140 | caB®Y 68 > 860
Extracted |  280gqlphur 815 38 1 x 1, 1 DB 1
QDPA Extract ed 380 880 . 39 A -
2 9. _ Tetramethylthiuram = - _ - 200 910
o ‘ disglplﬁde_ . o 3 .
140 _ Zinc mercaptobenz- - ’ - -
' thiazole _ _ S . . 1
1. ' Thiourea - L S T SRR
Coos Cure/mios/°C. -~ -~ . 30/100 307100  30/100 30/100° - 30/100  Varies

Films (ca. 1 mm ihick) were prepared by
- evaporation and cured, and portions of com-
pounds K and L subjected to hot Soxhlet ex-

 alongside unextracted film. The physical" pro-

perties are shown in Table 12, which clearly
demonstrates the remarkable ageing resistance.
after extraction of these vulcanizates prepared

DENA or NDPA. DBNPD is an’

15

30

10 traction for 6 hours with a methano} acetone/ .
_ chloroform azeotrope, dried in vacuo ;md aged ac_cording to this invention.
 TaBLE 12
_  Physical properties of fatéx vulcanizates of Table 11 |
‘Vulcanizate -~ DENA Unextracted/unaged - Extracted/aged 1 day at 100°,
: (Table 11) parts S. "EB. = Mg . TS EB. Mg
' o 30 90 % " Untestable
TR 0.3 s ss0 28 100 700 2%
o 10 320  s0 2 18 720 40
o 0 305 - 885 39 16.. . T80 - =6
L 1.0 265 g30- - 38 245 . 80 31
| 2 EXAMPLE 8 . gbbreviation for N,N’-di-beta-naphthyl-para-
- A further example of the use of a nitroso- phenylenediamine in this and the following . .
20 phenol in air-dried latex films makes use of ‘examples. The results of technological tests on
:  DMNP. The films were cured at 100°C. in air~ ‘azeotrope extracted samples show (Table 13)
" for 1 or 5 hours. In this case the films obtain- clearly the superiority of the network-bound -
' ed after vulcanization for 1 hour at 100° antioxidant at both cure times. -Additive con-
- . were' lighter in colour than those obtained centration was 1%, of .the. rubber solids.
- 25 using either S . T




*unt est abl e. EXAMPLE 10
The extracted films containing the rubber-
phys| cal operijes of vul capmetes—pre:
3 on . _
er one day at 100[err]C.
le 11, QQfore and after azeo .
of :
conventlonal ant|QX|dant "DBNPD. -

‘Heat agelng-of latex vil'cant®$® B Lys at 100[err]C
) Agemﬁff Exed@atex films Days’

DBNPD DENA NDPA pr o ert

The
show

bound anti oxi dants still

pared in the formof air-dried filns fromcom of
than the
unexggﬁ@*ed films containing

. 0.5 0.25 '@625 (Eragedopropertie) 5 gedzsiays at 100°
367 64 ii3Zd 37 U 377 e, 360
o -%mqoung’ Addh (hts) "r.s, ) 47E3118 e > 5 TS SO0EB. _t_
284 290Q (kg/d)mn]) 1 320 3 800 214 43 230 540
5 7 b sg S 0 > 20
830 8100 81028 DMNPg7 1 “TsMgq TS ggg 82 gage - 6
847 - @45 DpHED 6405 788 - B0 B0 865 at ez
S | '3 820 730 660 680 . *
x §20 Q - 26 DMNP 5 289 6281 125 34100 559)
|35 40 2T Moaul s at -
40 65 65 ExamePe 9 7 ound31li able SA coagafd X ippin
(3 63 68 : followe(f by('{cxdeleac})lm? Thegggiltwespgses

26  Dipped filhs
. Technological test results (Table 14) have
5 been obtained in-films produced from com-.

.were DBNPD and the nitroso compound
NDPA, each in an amount of 0.5%,.

TABLE 14

Network-bound ant:oxzdanm in d:pped latex filins

- The physical properties of vulcanizates. pre-

pound N of Table 11, before and after azeo-
15 trope extractxon, are set out-in Table 15

pared in the form of air-dried films from com- -

Unaged Aged 1 day at 100°C.
Additive Treatment  T.S. EB. My, . TS EB. - My,
DENPD  Unextracted . 295 860 . 32 140 58 - 68
" DBNPD - Estracted 280 815 8 % R
NDPA Extracted’ = 380" ° 880 39 . 200 010 - 22
*untestable. |
EXAMPLE 10 The QXtracted ﬁlms containing the rubber-

bound antioxidants still show better retentior
of properties after one day at 100°C. than the
unextracted films containing twice. as much oi

: the conventional ant1ox1dant DBNPD




*Unt est abl e

of the

ar e ses=TIn
Tabl e 11.
initial brown
azeotrope extr
during= and tha
vul cani zat i am;
dar kmrh
1% .’ “Une
DBNPD
57

t he
t he %Bgr edMg,pt

EXAMPLE 11

absorption neasurenents on thin strips
DBNPD

Lat ex f oans cont ai ni ng NDPA or tvvo f oans

_“eTagéfngmreS|sfance 6?—tﬁzé?mow'w‘.'
of the nitroso com  strips is simlar before
pound di sappeared al npost conpletely

aolour
ctlon

.z

ant i ox

?

only the convent i onal
%

idant is

ving a foamonly fractiongdslggs: - rem)ved by' t h| s treat mant15

¢

¥t ract ed Ext_racted_ IR
71 7 TABLE 15 'NDPA
60 EXAWPLE 12 tion, and

mlllng in Exanple 9 of Bgy

The formila-

mi xn;;ggat%@&ieduﬁe are those descrl bedHeat ageing of latex vulcanizates Thi s Exarrpl e shows

Pat ent Specificati mgo
785656, as_fal I Qus"

1y

dur i ng remyg on.

DBNPD DENA NEPAO[err] d;DBBI?Dc DENA r NDPA

However -t H&. i W 100° Control EXPRPLE0ZS 0.25  Control 0.0 0.25 "0.25
rrent20| n oxggen'-aosor ption. 86'[ er %’[ ract_;} ?n | 3364 I§y4s |:X§7I'?5"pl e 6]OWS ﬁ?W a.};k
rgvenent : Tensile strength - not very [arge. Therubber-bound anti oxi dan
f B8t h dyHamiic pr opert i es land rediber - asend 269 267 18 B6 NDW4 . 290
effsatlve ﬁpen f ke as |r5vulc i zate, _anti ilda progprtles may b§7_ 150
achre#ed_h¥_Lj@ mhé?gas t i ovenent  in aynan1 pr o=
use of an-intdrnal mxer wg hout 85BNy ImMgebng 810 810 875 #ertieggoi s 830
| ostt, dippinghi s ¢ aﬁbngafﬁnese results cI ear I% or heating steps other than those
whi cﬁgsg%s 18L 1 8how tHat th€0ef f@ts of80the t81» - 850 865
proceé’ses : 'hgr mal |y ngcessggpy f Or7s60NMPogpdi Nghgr ubber . * 540, 820
WIth_OI’ _Wlt_h0$f' mlllng dllrlnn reaction are anhnllndc amere f armed frnm'rh -
conposi - ' OConphﬂter aﬁfferémt 41 35 35 tiams 41
given-i"n'Tabe-M?‘iulusat : : '
R 1 ' o 27. - 40 65 65 6 7 31 32
L 500% (kg/cm?) e R _ :
0°C, SR 26 41 - 63 68 * * 15 24
M | *Untestable |
M s00 - T .
68 : EXAMPLE 11 : " absorption measurements on thin strips of the .
o Latex foams containing NDPA or DBNPD two foams are set out below in Table 16. They 10
* “were prepared from compound P of Table 11. - show that the ageing resistance of the two .
' 5 The initial brown colour of the nitroso com-~ strips is similar before azeotrope \,xtractmn, -
2 - pound dxsappeared -almost completely during and that only the conventional antxox1dant is
—_— ‘vulcanization, giving a foam only fractionally removed by thxs ueatment
darker than the conventional one. Oxygen ' ,
ubber- TaBLE 16 . -
ention- P o .
iwchof = Additive s
T ag a - 1% - Unextracted Extracted
DBNPD o ¥
_NDPA | s 60
o EXAMPLB 2. . - tion and mixing procedure are those described
~This Example shows the effects of milling in Example 9 of British Patent Spec1ﬁcatxon 20
the mgredxents during reaction. The formula-. No 785656, .as follows



W
U \%
TABLE 18

0
Heveacr unb SMR5 ., &9 i de
5 Z'Wgﬂwiﬁﬁgwm’ 100
A ' : 100 | -
A -lgo . 5 2 S 2 S -9 ) : 2
36 o

a5
_ LBsgs 4D 5
5 - 5.
' 2" 0.2 'Pa?'ts-b Qrezhe
- 0 - c | (retarder) y 5
yl a(r)n ne o _::__A_§3;_okedosheet_:aﬁs_bpgflg. 05 100 o5

) : d Z
nds an

“and V were pr 6’§I}°Ed by Oomgggt ,thé CBS
Conpounds U ot ng al MPChBlackngr edi one. fecept. %oget her to
; _ C. ac- ~ a 40 mixer at
. ) .Start.l_ng a.t ) err, ] - ) - 40 . d
| nixer ding to this mm cle t .the mixing cycle, and
nal = cording th wat eSulp t hr oughout . ‘140[err] Ca.5t0
orie mbggﬁ e?t\cl)\ll'matstica't e . 25 dumping at
the ru -

L., : ’ i c acid;
$he retarder 3 i nut é@“mhepzdmzoraxydﬁ, Zt ear| | tiogl)_ .
he ret a T8 /hGa. 25 NDPA . he; HAF bl ac
wns el gde o!prevegéegrsﬂhuﬁé,ﬂ%f B"f¥ltites Add hal f the |
R S e A a o )

Ut QO rworer
' n an open mll at 40[err]C 6 nrote
fnutes on _

ic acid angly 50[ €1 1] C. inutes
fe rubber, stearjc acid an th Ct‘/r\oéép eI?l]r- : ik s 8_ m .
tof the 45 'W@m\ﬂ/miﬂ&gﬁgl v hépn © arpp] Ig?ngwmhoemtirﬁ x 0.7 in. dia
. | 30 hob -bi Tor. 10 minutes a¢ 1589 Tyl atLlétt:r <y, t Fige subjected to dynami
at ure neasiir edbon black v

Was . a and mixed on the testing ¢
ul phur madb acl 5) ﬁéiﬂ:?ﬁd_

asyre nge .in in-phas,
then milled for 5 sheat enda@ S '&i ' ér %‘E_amplitude{- The
minu fIOIIFSC. Considerable ifficyl S AV of whisr Roda nge over -a doub]e
RN “toget h?{)rtggal Baceg i sfﬂmingaﬂdthlsﬁﬁeri’tggd{srenﬁa&;? HEPEtsde Bagr of30.001 10 10 e,
R e I Xi ng e er ' ly pdoft r and D34 €ases i i
100[?;;]C mdUrrpigng B dof Qs Hahdon Eﬁgﬁﬁsghp‘h
m nutes;. : '

on ¢ Foutimde inhe fbG Gl Bl Zéﬂwﬁggﬁﬁggﬂié g::
‘open ni'll alients were added on be;mﬂ at 68°C. and  success of the Beaffrea &AL process. _
: (r)]r pat 40[e"t'Ei eqmnogu@@[ag\fela i >1<4e2;C'v\é°fe650uhed for- 40 mnu

m I at. 40[ err ‘gnt;o? sample in whichOfhe rprdifepso.Dy

o 15 phenol was omitted at th

AbsorationTdat i on
Mes required for the ‘absorption of
e first stage was also. 19 w
afe _ Prepared. To some of th

W 0Xygen at 100°C. under 760 mm. of
is contro] sample. 2. pure oxygen were. measured op samples cut
! " parts of P-nitrosophenol Was added after com. rom 10 cm x 10 ¢ x 0
bl e -19. pounding on a cold my

_ : -3 mm valcanized
I at 40°C. . in accord-  sheets before and after extraction by organic -
.ance with the process of the present invention,

3 solvents, The extraction process consisted of .
he. three ‘vulcanizateg tested were there- - continuous Soxhjer extractio
fore - ;

ction with cold meth-
_ _ - o anol/acetone/chloroform a
R Contro], heat-treateq without P-nitroso-.

: Zeotrope for 24
hours, followed by similar extraction with hot _
phenol - o .- azeotrope, The samples were dried by pump--
: > Heat-treated with P-nitrosopheno] . ing at 102 :
25 - Cat-treated  withoyt - -

mm. Hg. for at leagt 24 hours.
_ p—rlitrosophenol, o :
but “P-nitrosopheno] added in cold after Results
compounding, .= S N

are given in Table 17,

' TABLE 17 o
o * Hours 1o 19 oxygen
s , : : absorption - o
P Dynamic Shear Modulus — '
© . . Sample ~ Change (dynes/cmz)' X -107 Unexn'acted' .Extracted
'R __ ' 0.552 37 9 -
s T0.164 - AT
T s 0 36
-Conclusions

£ g . . in-dynamijc properties over the purely therma]’
'The: Process of Specification No. 785656 - process (R), which jtsels is an improvement on
Using . p-nitrosophenoj .with high-temperature a normally compoundeq rubber which normal-

55 milling () gives g considerable z'mprovement y gives a modulus change of the order of 1.4

Ry -
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TABLE 19 Hours to 1% oxygen absorption

EXAI\/PLE 14

NPDA was choge
bef ore and a
of the best ¢on- Pﬂé‘ iy

5 wvention

protection c@npar,
t hi s purpose,
was conpound
reduces the ggeing

pl ace of req
Snoked -Sheet
contr.ol.,

conmpounds bel
was -added to

COMk7 iudifg i M-
t empdymaisr a6 |

al

“whegeas

47

13185 896 |

i;- ..‘—7.-;, 17 &

¥ x 1§7 dynps. cmt:'2 However, the zmprov I1i13 10

£ ment in oxygen abso i0 vement
not very large. m@ mtﬁ g: zﬁftt abfrbo \%ﬁmﬁﬂg eg‘é -bound
fiOthost ) mlf&ﬁkd R \ievultanizatel OfHrididah{pro clii@v@d Eptnes -

t sr T whereas the lmp:rovement in dynamic pro- “ustjobmn mnemabmuat mslmut wayt hixipge

sqaﬁé oqh Qéqr xhose which are 15

§ P&“‘g vespltsiclsariyy hpreh
duty gtpilgrcgf:xﬁ’r éeadCo v.é?@iy fo Wa—
lﬁely dlfferent tions gwelﬁﬁ’xn'l’mm WaS Use
which to that of IPPD in the unextracted vul can-
E of Table 2, except: that : li‘mﬁs Azeotrope extraction
_ . Heveacrunb SMR5 was used in

i stance of the vul caniBates d'bnt ai n'Wng | PPD Y A
 RSST eé-&qw)gms ai TTObCUIT 1063] m)s}mto trigorevel oPT tnf:\00

}t to-disperse in gum -
it act ualsl yoi rrprSoves t Be protsect i onsgi ven ®y the

ant i

oW 7 @fne roxiiC,

't he 'lgl ack rzriasterbatch azt t hi s r ubbey - boun anti oxi dant._The
' terrpe ature The uSe of h?gher
crem@ btk odul us on ajgel ng ghown g4 the 45 45

1 evel s of both IPPD

was! ’tﬁed to.prevent pr emat ure reaction of higher
an s ! Dutrex R ' tAe nitrdso cofpound Rith the
rub.ba[o, da_A,hl ch ch gteristic of vulgani zates con(; ai ni ng p- 0 2
15 iod efite0 350Me pepti si ng acti on. phenyl enedi am nes.

catmg the _ N-nitrosodiphenylamine : -

: (vetarder) 0.5 1 0 0 "0 0

L " Sulphur 2.5 2.5 2.5 2.5 2.5 ‘2.5
arption of : : : . :

50 mm. of 40 CBS 0.5 0.5 0.5, 0.5 0.5 0.5
mples cut . 2 . :
vulcanized’ ,

Wy organic- . . o

nsisted of 2 Compounds U and V - were prcpared by = Compounds Y and Z were prepared in a
pld meth- 45 adding all the ingredients, except the CBS Banbury internal mixer starting at 50°C. ac-

- for 24 accelerator, together to a Banbury internal cordmg to this time cycle - 40
:thh hot . mixer at 50°C., mixing for 3 minutes with ' ' B
by pump- . water on throughout the mixing cycle, and O minutes Add the rubber (to masticate). -
24 hours. '3 dumping at 140°C. to 156°C. (The retarder - 3 minutes - Add zinc ox:de, steanc ac1d

. - was included to prevent premature vulcaniza- - NDPA. .
50 - -tion). The accelerator was added with milling 4 minutes Add half the HAF _black . :
.. b for2or3 minutes on an open mill at 40°C. 6 minutes Add the oil and the rest of the 45
- to 50°C. . _ black. ' :
% Compounds W and’ X were prepared by 8 -min‘utes Dump (temperature . measured '
adding all the ingredients except the sulphur : as 150°C) o P
and the accelerator, together ‘to a Banbury T :
internal mixer at 100°C., mixing for 3 The sulphur and the accelerator were added

. - minutes, and dumping at 170°C The sulphur by milling for 2 or 3 mmutes on an open mlll 50

l__" 5 -and the accelerator: were added by milling for at 40°C. to 50°C. '
' 2 or 3 minutes on an open mill at 40°C. to All mixes were cured’ for 40 mmutes at-
- 50°C 140°C. Dynamic and ox1datton properties are
..gwen m Table 19 '
* thermal
*ment on
. normal-
er of 1.4
3
i
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TABLE 20 Heat ageing of tyre-tread vul cani zate Unextracted
| PPD NDRA. Days at
o] Cont r ol 0.5 1 2 0.5 1
. O 272 282 290 287
248 255 Tensi |l e st ren& -
1 216 18231 210 194 9896 220
3 71 - 83 99 - 69 87 - 88 .
1490 495 510 420. - . T8 19 430
- | L 360 ours 19 oxygen a tion -
310 330 at brrgﬁl Wen3e Modulasl pasig ‘yg 'iSQ’é’
190 1 4 5 Vulcamzate ' (dynes /em?) g& 10” Usektracted Extracted
30 b eter-tHs—ert 35~ 38
39 0 U 41 100% (k@/®@nierr]) - 332 . 277
46 32y 39 53 0 278 279 4
- 250 242 - - 253 Ten3|1] e strength Tensi | e strength
135 125w 195 . 0.65008 ~ 209I"7NDPA i s 6
1 41 . 47, 148 156 .
450 435 X430 02 o0 10 S #
l Y _ 261@3 275 275 17 245 ¢
285 , ~at break (% - _
145 Z 120 185 9-227 775 19@ 56
32 29 ?O - 29 _
' FL of air oven ageing tests
ﬁBDA was chmorﬁcjéﬁnologlgnq)%ug kgiéﬁﬁm vulcanizates be%orcgand afte

10

15

tion in comparison with one of -the best con-

- ventional antioxidants, IPPD, A tyre tread

compound was used for this purpose, which
was compound E of Table 2, except that
Heveacrumb - SMR5 was used in place of
Smoked Sheet RSS1. As NPDA was difficult
to disperse in gum compounds below 70°C, it
was added to the black masterbatch at- this
temperature. The use -of higher temperatures -
was avoided to prevent premature redction of
the nitroso compound with the rubber, which
led to some peptising action.

extraction are given in Table 20. The rubbe;
bound antioxidant glves protection comparabi

‘to that of IPPD in the unextracted vulcar
izates. Azeotrope extraction reduces the agein
-resistance of the vulcanizates containing IPP]

almost to the level of the control, wheréas

actnally improves the’ protection given by th
rubber-bound antioxidant. The continuing in
crease in modulus on ageing shown at th
higher levels of both IPPD and NDPA |

- characteristic of - vulcanizates containing |
phenylenedlanunes '
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The results of abrasion resi stance tests of two weeks continuously wth

COl d—trtrbemrg—t—g- rire—vartant Zat es _berore extraction, and
after- water ag anbi ent tenperatures, are given in elther
azeotrope extrhction as described in Ex- Table 21. The results are
expressed rel afi ve . 5 anple 1 or water extraction by

| eaching for to the results obtained with no anti oxi dant

TABLE 21 18" %' y9 1,185,896 . ST
Addi tive (parts phr) B ~ Relative Akron R

| PPD - (’) NDPA ..~ -~ - - 7 TaabR@sion index -

(co as 10 ) . None - 0.5 1. 2 0.5 (R
Unex EQAted P 100 1sglietaepgel oreqyd viaANRs 150 157
Azeatedope--extracted 100 - Yhdseractedt00 ~ 131 - 123 137 184 . '
WAt eT—ext r act eﬂ - 168——326— 120 . 148PD 130 -. - 14NDPA 185
VHAT VE - CLAI MilS: - ; Daysoat A UCESS .. as (,I TEd— T CtarTT
2 or claim™ } Propesty 100°  Control- "0.5, 5 S‘rocesszf or_i I‘OVI nd the

resi stance to va\,herei n regctiorpzpet weegp t hezsr onatRe degn&datlcmzof anss
unsat ur at ed naj tesile arenglyn- nitroso conmpound and the rubbery polymer is

t hetic rubber, vvh ch 1;5)rocess lconpriP@es rékcting?l eff @led i ¥4 he p’fsésencézo '-
of such -quant-l 3 the pgibber d(?olyrrers,, in oo
t he pi‘es-ence 0 thp fillers m(n:mrlpr': anr} nLﬂmantQ Zlne. Qxi

fillers, addit '\éﬁg vul cani znng agient s an!!) ot he4ss st el c acia, pr045555| N30
oi | s_and anti de&longsioh s oun B -
i ngredi ents whic ch, @) ui réd ggo are r"%’qw re%?ol n. t g vul cg |zat 310 330
for htgstfl naI wubber %om Bi on, 23 |eaafo one 195. A 15 0Ces$90as clppnmed iy

any Oipg 4 : - -ef—adat-ve—vtH-ean-Z-Rg—aget—oer—
ot hehe fibFEr- clal to 4, wlerein3the vu¥kani zj%8g agedd 31 3 30
10 : Emd:ﬂeng |n6@'ﬂﬂ‘se fit being presgat durésng thel2 and/ g§ ‘the @ccel ergtor
are eaeni ter 108 (kg/cm?) - reaction, wth an :
aro épﬁl t roso compound  &cti onzbet vvee31 the &bomati 46 nitro¥o comﬁ@und 53
havi wherdabi@ f orfmoar— 0 210 - anu [?ﬁ ruogg;y pob%ner nﬂg oeer}53
ef f etn byfthe * Tensile strength
1 in- 25 _
vmth“fﬁnﬁl’i nd¢ feor two or three m nubsas onmm [erra]s 125 195 208 . 200
NDPA 1 | (kg/con’) - . |
pining p- - 3 30 41 47 42 77 148. 156
2 . 0 440 450 ‘435 . 430 405 365 - 395~
Elongation at . - . : : 5 o :
- . r . 260 - 275 275 245 -305 315. 285 -
- at break (%) - s ' : : S -
. 3 95 . 135 45 1200 185 225 - 195
o 0. 33 . %4 32 -2 30 2 31
Modulus at o o T . o
’ - 1 25 33 . 32 33 33 . 40 - 8

~ 100% (kg/cm?) - - S
e — 29 = R ..

The results of abrasion resistance tests of two weeks oontmuously ‘with cold running tap

the vulcanizates before extraction, and after water at ambient temperatures, are given in

- either azeotrope extraction as described in Ex- Table 21. The results are expressed relative-
5 ample 1 -0r water extraction by leaching for to the results obtained with no antioxidant. - -

TABLE 21 _
- | SR o Addmve (parts phr)
*Relative Akron : e ' 'IPP NDPA
- abrasion index T ——
(control as 100) ~ Nope 0.5 1 2 05 1 2
Unextracted - 100 1535 143 ~ 172 120 . 150 157
* Azeotrope éxtracted 100 11 100 - 131 123 - 137 184

| Water extracted . 100 126 120 144 130 148 185




of such fillers, pignments, antidegradants, vul-

cani zi ng |ngred|ents and ot her conpoundlng

wher e [ elkddeit il [Crrjluuy e Ingredients as required
in the final.4jul cani zate. 15 different and each
=drogen atom claimed in any one of clains

" unsat ur at ed alnmm “ﬂmﬁm 1 to 6, wherein the ’
so conpound alicyclic) group
aral kyl R8s the fornula. - - L18589% or

whi ch %T WCLAIM IS -— | - rocess as cl@ édnm cBﬂt?Z or clan
car bon at OB, A process for improving the resistance to 3 wh in dedttion YetwednAVR aromat
). degradatzon of an unsaturat deratu}al or syn- nitroso compound and the rubbery polymer
r | ighprace prises reacting  effected in the presence of such quantities
r € add & tmggiesencc of the fillers extenders and pigments, zinc oxid

romatic ' ﬂéﬁ v syfteicﬁﬁz Cg ents and otlier ~stearic acid, processing oils and antidegradan
ded that ‘s p@ﬁ&hgoﬁxg&dxe:ﬂsr '

ke required  as are required in the vulcanizate,
so | arge arfdr the fipd sulberogemglosiion, tao least one 5.26 prqacse\ne n:laumdt inedny one ¢
-“NR[ err filler, addmve, vulcanizing agent or other com- claims 2, Icanizing ager
its anti !? mgredlent bemg present during the and/or the ‘gﬁc d, after re
éh an aromatic mtrrso coTpound action betwe h tnc itro$o’ compoun
e nitroso Qﬁﬂﬂ@ﬂ!@ or mula ; — . and the rubbery lymer has been effectec
ryj pol yner, - witieimilling] fof o &tlirek @ifickes on a

“br different wh [err] [er ro]_ and rn]lll A& gemperature of from 40°C. t

3 epf hygy-o nLafom saLM- “ihe AL
i epresent a y(i{ Rt NS af?ssﬁﬂi&xme in clgun 1, where]
r at et ’ sat ur gk 8&hb Cused in the latex stat

8. A pr od&s § cl. g\ Reai m 7anMemmmc nitroso compound is adde
-or an aryl, aralkyl or aI kar.yﬁ! the. ar m#ocnpﬁataobs@ or ball-milled dispe:

) f“t'ﬁ’ ter or t«
2] t rgﬁ Ce)nyl ari ne. 0 @ s (1) ar ?&%)erczvl%gh sojutions c:%f (#ﬁmf%e dxspersxor

- of su egr nts, vu
]:: together with the rocess as einaingﬁﬁgrdd&nﬁrhyidaxﬂﬁr%a $mpoundin
3 5 H'ﬂ?fm Ry, R5R, mF;t Rogayrbe‘?qu% g V\h@}@ﬁicmyeqallr@ I%thc &odh eujc;n}zan
\iher ei nl resen process as claimed in any one of clain;
I’ i ng whi le meﬁ sgturaﬁ?i lf;lﬁ tlc% lég 1to 6, wflierem!the arOfnatxc mtéos%bympoun

cycli-c) ‘gi
conpound i s
one of -nor
[err] -and [
claims: = =
form 1 to
a heterocycl

to 3.0%. of or . alkaryl group, whlch ﬁ'ﬁﬂ[a@ h@hero at ons. 2
wei ght .of r_ubbery oltylmsrone or more non—carbon atoms, A V7.
rmdlflcat f the prﬁ 1 morei dti‘:ml . Hcess as cf aj rred in cldgi
9, V\’her : '  fused ot: :hre ardmiaflé ) ﬁho%ﬂﬁléﬂr Ezﬂ the B B s usédfany R
and ‘ t'he::r ul ry poI YyMer forfuldSg6vidid Yhab@id ggdﬁiﬁs Jfafdmatic - SO S P O o 7
40 he. react@on between trivgs areipiyep Jargeoing e possiomtd as por t | on‘lo thid ar omati g .
nitroso cong@und is 25 prevent either the: functional —NRBengr oy onmticfnitroso  §
conpound. gerformed f r&g%ﬂ%ﬁ%ﬁ%@&oan?‘vfﬁ%lwl ght * ofo ték -0

duri ng 'ng
| onged™ hit:
in claim9
but before
45 of e|t*

: corrpoundl NGishItkE rdbeyPolympr O- - rubbery pol yner .

1N ng or wor kRa&s edd Rmmedctsanntts differefit] . Wh‘%rqakoclbs&,a&, &,aRurrenﬁ R; hav

ther ei n 30 and each represent a hydrogen atom, sﬁ‘g %fneﬂleﬁgf
Qi

: dition t he ,cng' (_E]ElQ;B ﬁg&;ath{?ﬁegl &g’{,ajliﬁ g TOCESS gl:?‘meﬁ in calm 7, wherei

t&@ e atid Ritrod compound is p-mtroso
t he vul canigidupGvhitti ity Oiitaih dRe G Mbleion- pHeaylamineand t he

- the .ar omat |cg;rbon atoms, or R; and R, together w1th the 9t & progess %G[aimed imedty otxllle of claim
L m to a & (4] e aromati
S0 bEf OI’ ad’éﬁ?erocycll l'l:@w’%]'%a‘;e%oagn O'Pe ?r nlﬁ&%ﬁ ? &ls TOmM @2; /ﬁ()) 3 0% Of th
: " more heterd er ! eﬁﬁght

B ght of the rmbbmbaﬁopﬁﬂnwe process claimed in _ * 10. A process as clalmed in clalm 9, wherei

ConNpoun :ngr edi ent & & claim 1, wherein the rubber is used 2ry gud p ihae@é‘!?' ajynacr 4§ yecidriy gnd the pro

any one-; _ e reaction betwe n@p?twgneégndd %%W t % t)@ oso compound |
. omati mtr un %égfomed h? we1ﬁht of th

wher ei n- ¢ ___ms 1 or 7t qm:}fk, 10 btOo P rubbery polymelt

bet ween. t I omat i C nitnegd Kbt)i‘ii‘ilhng &mmg bhﬁe Edadadner y h Npmd’essaﬂdadhhﬁn claim 9, wherei

together during. Teactig dmgj bgfppd agidjdonr y g rls yised in the form of
ex nd” the “proportion of the aromati

. th F the gecsl
1‘ 0S0 corﬁﬁo&ﬁf"‘%ﬁﬂw on SO Eﬂ'@ M oso compound is from 0.2% to 0.5% o
m xi-ng of ﬁmﬁi ’Lhﬁtm@m %{ﬂ(trl Ofhe WEiBH -of the rubbery polymer; _
© . compounding mgredlents : . 12. A process as claimed in any ome .o
3. A process as claimed in c1a1m 2, wherein claims 1 or 7 to 11, wherein the reaction be
50 the reaction between the aromatic nitroso com-  tween the rubbery polymer and the aromati
. pound and the rubbery polymer is effected nitroso compound is performed durmg the vul
- during normal mixing of the rubber and the canization step..
other compounding ingredients apart from the ~ 13..A process as claimed in any one o
 vuleanizing agent and/or the accelerator, in an- claims 1 to 12, wherein a vulcanization re
. 55 internal m1xer RS , _ tarder is mcluded in the mixwure.

ar omati c‘
ef f ect




ot her conpoundi ng ingredients apart fromthe 13. A process as clained in
any one of vul cani zi ng agent and/or the
' ' . Zaer el a VUl cam.zalion re- .
by T s T neTuded Tn the
m xture. roces laimed in claim1 or claim Dbery
pol ymer togetfher W iuummlﬁlu""ﬂ ﬂ;l!uaddl 2, and substantially as
her ei nbeforeidescrl ni zi ng agents and ot her compound- ing
|ngred‘Fents S are requi red for the fi naI1 %SS%A vul cani zed unsaturated 21.
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