WO 03/ 078515 PCT/ US03/ 07603 Low Yell owi ng Scorch I nhibitor Conposition
Background and Description of the Prior Art The product of the invention
rel at es twogorsshs i nhi bitors added to the polyol during ecrafSo®o7ens s

manuf acture. Al so the scorch inhibitor may be added during the production
of polyurethane foans. It is a known problemin the art that existing
scorch inhibitors based on conventional am ne/ phenolic bl ends cause foamto
yell ow follow ng exposure to |ight or NOx funmes. In general, yellow ng has
been attributed to a variety of sources. For exanple, reaction products
fromadditives |like BHT lead to color bodies such as quinones (K C

Smel tz, Textile Chenist ahowdclewae Scorgh inhibitpgGampegifion 15 NO 4), and the
pol yuret hane itself forns col or bodi es such as diquinone imde as a result
of photooxidation (Miuller, Plastic Additives, 2nd edition, pg 119).

Yel | owi ng al so cones from am ne substances that presumably oxidize and form
col or bodies (Mgl 85 ound ind SeddEbtiVe thet AYel lowing may be attributed to
am ne discoloratTon.. U’'S. . 4, , 493 to Pokai et al teaches a

f oam conposi ti on, Thewmafict bf the mventtontyelates toi ssorald ihbibitoSirdedtd diet ioly@l may be a

phenol substituted with tertiary-putyl r.ou h, as .
D orai - er - s SRR R Hsop T Bty HETp S Rided urne s
cat echol ; ( opjodabtemalf polgaiethane foamugltaf dlatosn pstildre irsthe hrt dadextistings may act to
inhibit scorch, 1th | so contribpute to f | | owi.n en exposed to
NOX furres. araipRgleR O R erinier oy el i i AR Yy ahen
| onol (BHT) if§lloss@dexpah@ai®d light ol NODFiends In @xeeE stllevivehdsdebmgtribstedbser ved
under these conditions, which is undesjrable i ?r rrlr]lépg .corisl%%ﬁ]alg i cations
(e.g. mattred? vk of sTHEFeF e Bample 1eaction 8ragBfie P marditings i %h to
provi de an adglidibMRdled such as quinones (K.C. Smeltz, Textile Chemist an Colorist, April

1983, Vol. 15, NO 4), and the polyurethane itself forms color bodies such as diquinone

imide as a result of photooxidation (Muller, Plastic Additives, 2nd edition, pg 119).
Yellowing also comes from amine substances that presumably oxidize and form color
bodies (Muller). It is believed that yellowing may be attributed to amine

discoloration.

U.S. Patent No. 4,058,493 to Pokai et al teaches a foam composition, in which
an inhibitor is added. Such additive may be a phenol substituted with tertiary-butyl
groups, such as 2,6-di-tert-butyl-4-methylphenol (Jonol®[BHTT]); (or) tert-butyl-
catechol; (or) phenothiazine; among others. While such additives may act to inhibit
scorch, they may also contribute to foam yellowing when exposed to NOx fumes,
ultraviolet radiation or fluorescent light. Importantly, when Ionol (BHT) is used, alone
or in blends, excessive yellowing is observed under these conditions, which is

undesirable in many consumer applications (e.g. mattress foam).

Therefore, it is the object of the invention to provide an additive to
polyurethane foams which inhibits scorch, but which also only minimally contributes

to discoloration arising from NOx, ultraviolet radiation and fluorescent light exposure.



pol yur et hane foans which inhibits scorch, but which also only mnimally
contributes to discoloration arising fromNOx, ultraviolet radiation and

f | uor escewD oBioggsts exposure. WO 03/ 078515 PCT/ US03/ 07603 SBamesny07bhe

i nventors have surprisingly found that an additive based on a conbi nation
of a derivatized phenolic, 4-tertbutyl catechol (TBC) and, optionally,
phenot hi azi ne (PTZ), is effective against discoloration based on the above
factors. A wide of range of phenolics have been found to be effective, in
pl ace of BHT, in conbination with the above conponents. Essentially, it
has been fourtdnink@y by substituting at the 4 position of a di-tert-butyl
phenolic with a noiety other than nethyl (as in BHT), an inproved result
is obtained. In particular, a 2,6-tert-butyl phenol, substituted at the 4
posi tion w t IThatnvendfiav€ surpdidinpiaidufid Mt A QEELE 6as8l bRR 8bhGinatiicghy of C2 or
greater, optionally possessing conbinations of heteroatons, preferably N,

0, Sor P THiZF] Rhenelicy dderfimb satpchel (FH3 ad iontionadyuhenathiarine GTZ),

het er oat oms ARffdeRvdaRE! ERBlordtion/biseof thedBRELEH St Nat a 2, 4-tert-butyl
phenol substituted at the 4 position would al so show beneficial effects.

Anong these are solid phenolics, such as Anox(r) 70 (2,2'-thiodiethyl ene

bi s[ 3-(3,5- & wige 5 ' : L 1),
Llojvi[ no>(<( r) T%*l\/vg{d_—( %E‘Iﬁa\ﬁ% % ﬁ{ﬁ%ﬂ@%lﬁ%\%ﬁj{%&tﬁ? 13{ Rﬁje%e@@%ﬁe ) 16&%%{) Whgﬁa’)‘iom nox(r)
MD24 (1, 2- bi $pBbBatiin widh the poavglcodpottentdr Exsphtjadlyoit hawtmamfduhd thadbazi ne)

that Low noxtP5Riae 00 EbgMet AR SR B Rr R ey *of  ars
i nproved r esumethyl (dsi®BHT), an improved result is obtained. In particular, a 2,6-tert-butyl

phenol, substituted at the 4 position with an aromatic, aliphatic or aromatic-aliphatic

moiety of C; or greater, optionally possessing combinations of heteroatoms,

preferably N, O, S or P. Optionally, those phenolics possessing combinations of

heteroatoms may be dimerized. It is also expected that a 2,4-tert-butyl phenol

substituted at the 4 position would also show beneficial effects.

Among these are solid phenolics, such as Anox® 70 (2,2’-thiodiethylene bis[3-(3,5-
di-z-butyl-4-hydroxyphenyl) propionate]) (formula I) , Lowinox® TBM6 (4,4’-thio-
bis-(2-t-butyl-5-methyl-phenol) and Lowinox® MD24 (1,2-bis(3,5-di-tert-butyl-4-
hydroxyhydrocinnamoyl) hydrazine) (formula III); all from Great Lakes Chemical
Corporation. It is also found that Lowinox® AH?25 (2,5-di-z-amyl-hydroquinone)

(formula IT) offers improved results.

~ 2
(Formula I)



(Formula 1) 2 WD 03/078515 PCT/ US03/07603 (Formula Il) (Formula Il11) More
preferred are liquid phenolics, such as Isonox(r) 132, Isonox(r) 232, both
avai | abl ewbrosfrsSehenect ady Chem cal s, Inc. and I rganox(r) PCTA%03/07603
(Benzenepropanoic acid, 3,5-bis (1, 1 -dinethyl-ethyl)-4-hydroxy-.C7-C9
branched al kyl esters - CAS Nunber: 125643-61-0) available from G ba
Specialty Chem cals. Irganox(r) 1135 is benzenepropanoic acid, 3,5-bis
(1, 1-di net hyl - et hyl ) - 4- hydroxy- .C7-C9 branched al kly esters (Forrmula IV):
3 WO 03/078515 PCT/ US03/07603 ,,U.0 -~ Hrt (Formula IV) Particularly
preferred is Isonox (r) 232 (;‘N di -tert- butyl-4-nonyl phenol ) (Formula V)
% %LJL) 132 (2,6

di -tert-butyl -4-isobutyl C(CH3) 3
H (Formula IT)
(Formula IIT)

More preferred are liquid phenolics, such as Isonox® 132, Isonox® 232, both
available from Schenectady Chemicals, Inc. and Irganox® 1135 (Benzenepropanoic
acid, 3,5-bis (1,1-dimethyl-ethyl)-4-hydroxy-.C7-C9 branched alkyl esters — CAS
Number: 125643-61-0) available from Ciba Specialty Chemicals.

Irganox® 1135 is benzenepropanoic acid, 3,5-bis (1,1-dimethyl-ethyl)-4-hydroxy-
.C7-C9 branched alkly esters (Formula IV):



CH- C, H(Fornmula VI) Thus, the invention resides in a conposition to be
added to a polyol, during or after the manufacture thereof. Al so, the
conposi tiwo @ysshe added during the manufacture of pol yurerhsozofeonns.
Such pol yols and foans are nmanufactured according to well-known nethods,
such as those set forth in U S. Patent No. 5,219,892 to Suhoza. 4 WO
03/ 078515 PCT/ US03/ 07603 The basic fornul ation of the foam used during the
testing phase is as follows. O her known foam formul ati ons can be used as
well: Table | par®$ Polyol 100.00 Distilled Water 5.50 L5770 Silicone
(CSi) 1.20 A127 Abnine Catalyst (OSi) 0.47 Fyrol FR2 (Akzo/ Nobel) 7.00
Dabco T9 (Ar s) 0.25 Mondur TD80 Grade A TDI (Bayer AG 70.80
scorch inhibitor ("Additive" in Table I) is a
t hr ee- conponent systenyconprising: (1) A derivatized phenol, from about
45-95 wei ght % pr&f erabl yi-©h 75
o (Formula IV)

Particularly preferred is Isonox ® 232 (2,6 di-tert-butyl-4-nonyl phenol)
(Formula V)

(Formula V)

Most preferred is Isonox® 132 (2,6 di-tert-butyl-4-isobutyl phenol) (Formula VI)

(CHg)5C._

(Formula VI)

Thus, the invention resides in a composition to be added to a polyol, during or
after the manufacture thereof. Also, the composition may be added during the
manufacture of polyurethane foams. Such polyols and foams are manufactured
according to well-known methods, such as those set forth in U.S. Patent No.

5,219,892 to Suhoza.



wei ght% nore preferably about 66.5% (2) 4-tert-butyl catechol, from about
5-55 weight % preferably 22-35 weight 9% nore preferably about 33% and
(3) PTZ fwoms@7¢505 2 wei ght % preferably 0 to 0.75% nor e Ppmrafses/edshy about
0.5% Note: Al weights % are wei ght % based on the total weight of the

t hree- conponent system The scorch inhibitor may be present in the foam
formul ati on based on a range of about 0.25 to 0.75 parts per 100 parts
pol yol, preferably about 0.30 to Q.60, and nore preferably about 0.35 to
0.50. A conpar at i B¢ easiselprmdetiongh thedompy need dyrinp the destingphese 53 EdloFpon based
on Isonox 13ndfihown Rabenastiahhs b4l v Rad Aopal:, I nc.) against BHT, on an
equal weight basis in a tert-butyl catechol/PTZ blend. The tert-butyl

cat echol / PTZ anount remai ned the sanme in both the inventive (1) and
conparison (2) conpositions. Both 5 \QQPQ;’I/ 078515 PCT/ US03/ 07603
conpositions 1 and 2 were added to the toamfornulation in the amount of

the ° f’iddi tive' of Tablet - /—\2 biIUYVII. betow; Lt VVﬂ.b u': SCOVET ed thaj[ .
Cabewi th atert-but yil While st ronaly —tnhtby o cor gl oprent i n foam
The inventive conposi ti GBI 076) | sonox 132 (2. 4 dPoddt butyl 4
i sobutyl phenol ) 66. 5%L5740 BdicemOPi) Cat echol (33% and1B%Z (app 0.5%

A127 Amine Catalyst (OSi) 0.47

Fyrol FR2 (Akzo/Nobel) 7.00

Dabco T9 (Air Products) 0.25

Mondur TD80 Grade A TDI (Bayer AG) 70.80

Additive 0.50

The scorch inhibitor (“Additive” in Table I) is a three-component system
comprising:

(1) A derivatized phenol, from about 45-95 weight %, preferably 65-75
weight%, more preferably about 66.5%

(2) 4-tert-butyl catechol, from about 5-55 weight %, preferably 22-35 weight
%, more preferably about 33%, and

(3) PTZ from 0 to 2 weight %, preferably 0 to 0.75%, more preferably about
0.5%
Note: All weights % are weight % based on the total weight of the three-component

system.

The scorch inhibitor may be present in the foam formulation based on a range
of about 0.25 to 0.75 parts per 100 parts polyol, preferably about 0.30 to 0.60, and
more preferably about 0.35 to 0.50.

A comparative experiment was conducted comparing a composition based on
Isonox 132 (from Schenectady International, Inc.) against BHT, on an equal weight
basis in a tert-butyl catechol/PTZ blend. The tert-butyl catechol/PTZ amount

remained the same in both the inventive (1) and comparison (2) compositions. Both



We conpared this conposition to 6 WO 03/078515 PCT/ US03/ 07603 The
conparative conposition 2 2,6-di-tert-butyl-4-nmethyl phenol (BHT) (66.5%,
4-Tert buwglos@zsezhol (33% and PTZ (app 0.5% . In short, peg/tsobetsds ut ed

| sonox 132 for BHT. One woul d expect the performance to be about the sane
W th respect to scorch reduction, and indeed we did not see a noticeable
difference on this paraneter. However, scorch reduction is not the only
concern in pol yurethane foam production. Certain industries_and uses
require thatomprsitiosshraed 3 wejeaddagto the paforgulagian énthe ameung ghen ef f ect .
Such yel | owi AgIIRNET of ThbiZE. KRYRSVEGIEG: W BRYAI& maki b8 8 he [RAKP4S, among

t hem exposure to NOX gases, exposure to ultraviolet radiation, and
exposure to fiedarosisier ae theipgenol carareonerid insthisspssdvitetiic Ry B/ sonp aangly ve
Conposi tion %g i CRpesition 2 were subjected to NOX gases in
a gas fade c#altl erc, ﬂ&%%ﬁ)ﬁ)ip;é%dl ation in a UV. Wather- onmeter, and to
fluorescent light. W exposed the foans in a gas fade chanber, which
generates NOX funes. W then neasured, using a colorineter, the
devel opment of color over tinme. A large value on this scale (b scale)
i ndi cat es noflge invtwiveeompddition INBLXTHB) e || A Gas Fade Chanber Results (b
Scale Colorinmeter) Time Conposition 1 Conparative Qb (in hours)
Conposition 2

Isonox 132 (2,6 ditert butyl 4 isobutyl phenol) 66.5%,

4-tertbutyl Catechol (33%)
and PTZ (app 0.5%)

We compared this composition to
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12 -0.92 -2.09 The results show that the
np05|t|on 2 devel ops a nore intense green

In short, we substituted Isonox 132 for BHT. One would expect the

in the Gas

performance to be about the same with respect to scorch reduction, and indeed we did

not see a noticeable difference on this parameter. However, scorch reduction is not the

only concern in polyurethane foam production. Certain industries and uses require

that the foam also resist yellowing, which is a common effect. Such yellowing over

time may be caused by several different factors, among them exposure to NOy gases,

exposure to ultraviolet radiation, and exposure to fluorescent light. The foams
produced based on additive Composition 1 and Comparative Composition 2 were

subjected to NOy gases in a gas fade chamber, U.V. irradiation in a U.V. Weather-

ometer, and to fluorescent light.

We exposed the foams in a gas fade chamber, which generates NOy fumes.

We then measured, using a colorimeter, the development of color over time. A large

value on this scale (b scale) indicates more intense yellowing.

Table ITA
Gas Fade Chamber Results (b Scale Colorimeter)
Time Composition 1 Comparative Ab
(in hours) Composition 2

3 5.42 4.12 -1.3

6 9.05 9.66 0.61

9.5 12.28 14.63 2.35
12 12.84 15.74 2.90

The results show that the foam containing comparative Composition 2

develops a more intense yellow color, as indicated by the larger b value, than

inventive composition A after extended exposure in the gas fade chamber. The

difference between the two values (A b) also steadily increases showing greater rate in

color body production in composition 2 vs. composition 1.
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The results show that the foam containing Comparative Composition 2 develops a
more intense green color than Composition 1 (about double) after extended exposure

in the Gas fade chamber.

Green and yellow when blended form a very intense yellow. This is quite important
to customers in the industry (e.g. manufacture of foam for mattresses). In short, we
found that Comparative Composition 2 develops a more intense yellow hue over time

compared to Composition 1.

Thus, by exchanging BHT (which contains a primary carbon or methyl group at the 4
position on the 2,6 ditertbutyl phenol) with Isonox 132 (which contains a tertiary
carbon at the 4 position) we have significantly reduced yellow color development in

foam when subjected to NOy gasses generated in the Gas fade chamber.

We also examined the performance of each composition under fluorescent light. B

scale values, indicating ‘yellowness’, are shown below:



|l ess. |t
bet ween t he
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i ght

Is inportant to note that the approximately 2.5 unit difference

yel | owness values is quite significant visually. One can

defl ection with the foam using th@Crmsenticoe

The sane trends were observed when foam sanpl es were exposed

(carbon arc source) over tine. Table IV U V. Wather-oneter

Results (b Scale Colorinmeter) Time Conposition 1 Conparative A b (in

hours) Conposition 2 1 1.81 1.70 -0.11 2 3.63 3.85 0.22 3 5.57 5.94 0.37
4 6.29 7.03 0.74 5 6.85 8.59 1.74 &akde

val ues show
than the in\

.81 1.29 7 9.24 10.98 1.74 8

10.36 12.38 2.02 9 10. ﬁlzloiléc&%nglﬁiiesﬂ-l@s - S%ﬁle@bl&?mgtel%l The delta b
that conposition 2 is devel oping col bodi pq more rapidly
ent i VEme@ndssRi t i on| o WSomposttionE 15 P{"T/CIO osi "H STUDY
12 7.14 . 9.46

TBC ALONE

‘a’ scale values are shown below (negative values show greenish hues while positive

values show reddish hues);

Table IIIB

Fluorescent Light Results (‘a’ scale Colorimeter)

Time (in days)

Composition 1

Comparative Composition 2

12

0.06

-0.17

Taking the values together we found that composition 2 darkened the foam towards a

deep yellow after 12 day exposure. Inventive composition 2 comparatively darkened

less. It is important to note that the approximately 2.5 unit difference between the

yellowness values is quite significant visually. One can clearly see less color

deflection with the foam using the inventive composition.

The same trends were observed when foam samples were exposed to U.V. light

(carbon arc source) over time.

Table IV
U.V. Weather-ometer Results (b Scale Colorimeter)
Time Composition 1 Comparative ADb
(in hours) Composition 2
1 1.81 1.70 -0.11
2 3.63 3.85 0.22
3 5.57 5.94 0.37
4 6.29 7.03 0.74
5 6.85 8.59 1.74
6 8.52 9.81 1.29
7 9.24 10.98 1.74
8 10.36 12.38 2.02
9 10.77 13.02 2.25
10 11.36 13.67 2.31

The delta b values show that composition 2 is developing color bodies more rapidly

than the inventive composition.



As background, TBC was tested against a conventional or state of the art
bl end consi sting of 4000ppm BHT (a phenolic derivative) and 1000ppm Naugar d
445 (an awkyBatssds di phenyl amine) in a foam formul ati on. Poa/Esks/ends3 of
scorch was approxi mtely equal for each of the test foans with a slight
color difference in the scorched area of the foam core. Foam swatches
exposed to NOx funes, however, showed a considerable difference after nmany
hours of exposure (Table V). The TBC stabilized foam di scol ored | ess

(devel oped | ess yellow color) after 9 hours exposure to NOx funmes conpared
to the conventional (BHT/al ky§ehpegmnhseitisc AhbRe) bl end. (Table V) Scorch
6 HHs NO® 9 Hs NO,, Funme Fune TLight YelTow 8.00 11.2 TBC al one Gol den
10.00 16 Conventional BHT/ Amine COVPARI NG | SONOX(r)232 AND | SONOX(r) 132
(Tabl e VI) Conventi onahs BeReraumly €BEivoas ddsteBlagaiost @ comznimnd] oattd githe 945 10 WO

03/078515 PCﬂt Hégg’ é9n7s1§81§g of 4000ppm BHT (a phenolic derivative) and 1000ppm Naugard

445 (an alkylated diphenyl amine) in a foam formulation. The extent of scorch was

approximately equal for each of the test foams with a slight color difference in the
scorched area of the foam core.
Foam swatches exposed to NOx fumes, however, showed a considerable

difference after many hours of exposure (Table V).

The TBC stabilized foam discolored less (developed less yellow color) after 9 hours
exposure to NOx fumes compared to the conventional (BHT/alkylated diphenyl

amine) blend.
(Table V)
Scorch 6 Hrs NO, 9 Hrs NOy
Fume Fume

Light Yellow 8.00 11.2
TBC alone

Golden 10.00 16
Conventional
BHT/Amine

COMPARING ISONOX®232 AND ISONOX® 132

(Table VI)

Conventional BHT Conventional PLX 976/232 PLX 976/132
945

10



6 Hs Fume 5.67 8.80 6.31 6.26 9 Hrs Fume 11.97 14.67 9.19 8.90 These

| i qui d phenolic conpounds were blended with tert butyl catechol for the
pur pose oWormakissgs a | i quid scorch inhibitor package. ~ Conpemtisosneic0945'
refers to Vanox(r) 945 from R T. Vanderbilt Conpany, Inc. Currently,
liquid scorch inhibitors are highly desirable in the industry. W found
that I sonox 232 and Isonox 132 (Schenectady Chemcals Inc., NY.) worked
equal ly well BC dil uents LX 976/232 and PLX 976/132) (Table VI). W
al' so di scovef S%EWQ‘? each of>- Jf?e t wo pac&:%ges st ai %éb f oam mf%?'éless t han
bot h commer c2alBHUEG a; dhenaliclamd®®) bl endd!d conventi®dfhl BHT and
conventional 945. Another |iquid phenolic was exanm ned in conbination with
tert-butyl catechd&heseigeidpienolic cepapards wes bleadesd Widbied buiyd pateihpbfoGhegy)
adequat el y di V. : M-a7] 0 el Gyl ch
i nhibitor. A gﬁ)ﬁ%e O\G/\fgna-c%@gea?i\i}%éﬂ %P&nﬂﬁg&% @gggzgﬁée pdrzicqi){ﬁ g%ll?ﬁogér%@g\nsﬂﬁt%fsﬁ[?s package
agai nst t he Manee®Pfofrain LSV mdetitlcConfpamyy Ned. phenwoitly cliquid eocth idnbitarhe

preferred i nventi.ve.pa e.PL 16.1 03/078 PCT/ US03/,07603

Pl UorescenT i ERBESRRT 0 g SR a2 s R ek 2135 1

Convent i onal (Sehbndetady @hémiehl Ifc7,6N. YUnexkod eghaliy will 68TBC.dlderntd (PAXK
976/232 and PLX 976/132) (Table VI). We also discovered that each of the two

packages stained foam much less than both commercially available (phenolic/amine)

blends, conventional BHT and conventional 945.

Another liquid phenolic was examined in combination with tert-butyl catechol
‘ and PTZ. Irganox 1135 (available from Ciba-Giegy) adequately dissolved TBC and
phenothiazine to make a liquid scorch inhibitor. Again, we observed similar scorch
protection with this package against the conventional 945 product (amine/phenolic

blend) and the preferred inventive package PLX 976.

11



6 Days b 11.53 6.04 6.17
fl uorescent

light the "1135"

13 Days b 13.90 10.08 10.49 Wen exposed to
nodi fi ed product performed simlarly to PLX

976 but bwDl3desses oped | ess col or (I ess yell owness) than trhkag/usodmsent i onal

product after
acceptable alternative to
(Table VIb) 1135 Repl acing
Unexposed B -
8.75 8.21 9 Hours B 14. 82

f oam cont ai ni ng I rganox 1135 perfordgabménﬁilarly to PLX 976 but,

fluorescent |ight exposure,

13 days (Table Vi

a). On this basis, Irganox 1135 is an
| sonox 132 as an active diluent. WEATHEROVETER
| SONOX 132 in Conventional 945 PLX 976 PLX 976

1.50 -1.30 1.58 3H0ur581109619553 6 Hours B 13. 30
LUK CED X POSURE

to ultraviolet the

as with
bot h devel oped less 12

1135 Replacing
ISONOX 132 in
Conventional 945 PLX 976 PLX 976
Unexposed
b ~1.68 -1.47 -1.47
6 Days
b 11.53 6.04 6.17
13 Days
b 13.90 10.08 10.49

‘When exposed to fluorescent light the “1135” modified product performed
similarly to PLX 976 but both developed less color (less yellowness) than the
conventional product after 13 days (Table VI a). On this basis, Irganox 1135 is an

acceptable alternative to Isonox 132 as an active diluent.

WEATHEROMETER
(Table VIb)
1135 Replacing
ISONOX 132 in
Conventional 945 PLX 976 PLX 976
Unexposed
B -1.50 -1.30 1.58
3 Hours
B 11.09 6.19 5.53
6 Hours
B 13.30 8.75 8.21
9 Hours
B 14.82 11.29 11.42

When exposed to ultraviolet the foam containing Irganox 1135 performed

similarly to PLX 976 but, as with fluorescent light exposure, both developed less

12



WO 03/ 078515 PCT/ US03/ 07603 color (less yellowness) than the conventi onal
product after extended exposure (Table VI b). Again, on this basis,

| rganox 1WBI3i0%8sah acceptable alternative to Isonox 132 a®Carusapvicre

di luent for the conposition. ATMOSPHERI C FUVE CHAMBER (Table Vic) 1135
Replacing [|SONOX 132 in VANOX 945 PLX 976 PLX 976 0 Hours (b) -1.78 -1.61
-1.69 4 Hours (b) 7.56 5.73 6.97 8 Hours (b) 13.43 8.53 12.36 Wen
exposed to NO , the foam containing Irganox 1135 perfaqrpmed poo

devel oped moreloEdessellaraies) fhen Flg\mggegljloxgql,gwdpﬁxﬁgmteng?mgsuquiéﬁgkec al with
the convent kgl A@@ﬁk&gﬁls(blﬁb|1%f%{$>@hssﬂmp&bep&me AiAntit@dittdned 1package
showed equal performance W th 976, in two of the three eval uations,
1135 stai ns Beamdkine diluenhfos fsepypositiin | sonox 132. 13 WO 03/ 078515

PCT/ US03/ 07603 TBC/ 132 VS TBC/ 132/ PTZ (Table VI 1)

ATMOSPHERIC FUME CHAMBER

(Table VIc)
1135 Replacing
ISONOX 132 in
VANOX 945 PLX 976 PLX 976
0 Hours
M) -1.78 -1.61 -1.69
4 Hours
b) 7.56 5.73 6.97
8 Hours
(b) 13.43 8.53 12.36

When exposed to NOy the foam containing Irganox 1135 performed poorly
developed more color (more yellowness) than PLX 976, almost identical with the
conventional package (Table VIc). Though the 1135 modified package showed equal
performance with PLX 976, in two of the three evaluations, 1135 stains foam more

intensely, than Isonox 132.

13



NOx Funme Fl uor escent

Hr s

No PTZ Cowoanihissnal

light U V.

12.16 14.95 12.38 14.66 6.02 9.22 945 The TBC I sonox(r) 132 scorch
i nhi bi tor package reduced scorch as well

as the

conventi onal

light 3 Hrs 6 H's 10 Days 22 Days 1 H 2.5
+ PTZ 7.64 9.67 7.15 11.51 2.46 4.9 7.67 9.87 7.09 11.27 2.43 5.06
9.52 13.72 11.92 15.96 5.45 9.76 BHT pCarusesticonal

BHT/ al kyl at ed

di phenyl am ne bl end and conventional 945 but inprovenent in scorch
performance was di scovered by the addition of phenothiazine. Each trial
f oam was then exposed to NOx fli 32 PTZght and U.V. |ight
(Table VI1). Studies indicate that tplebf:l i.tion of phenothiazine did not
adversely affect color stability (i: &>°h" Val ues were approxi mately the

hl nnrl gnrl TD("II

I T7 |f\| and)

St.at.od

sane for TBGE--sehox—1i32

anot her way

each foam (

pT7_aNQX KymepT2)

on
OO

Elmrqscwé,l‘

hue visual Iy and quantiflat3®es y hifHesdil100aysqs 2ays
per formance.l 14 WO 03/ 078515 PCT/ US03/ 07603 EXAM NATI O}
(Table VII1) N3 Fune Flloreseent Light Q. V.7.15 ght B.518 24
7.67 9.87 7.09 11.27

No PTZ

Conventional 9.52 13.72 11.92 15.96

RHT

Conventional 12.16 14.95 12.38 14.66

945

ll,v‘l 1]_ \ﬁl.tuu. T
S

%4®0 3549 5
2.43 5.06
5.45 9.76
6.02 9.22

The TBC/Isonox®132 scorch inhibitor package reduced scorch as well as the

conventional BHT/alkylated diphenyl amine blend and conventional 945 but

improvement in scorch performance was discovered by the addition of phenothiazine.

Each trial foam was then exposed to NOx fumes, fluorescent light and U.V. light

(Table VII). Studies indicate that the addition of phenothiazine did not adversely

affect color stability (i.e. b values were approximately the same for TBC/Isonox 132

blend and TBC/Isonox 132/PTZ blend). Stated another way each foam (+PTZ and no

PTZ) sample developed an equal yellow hue visually and quantitatively but addition

of PTZ improved scorch performance.

14
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Hs H's H's Days Days Days Hr

Hrs Hrs

PLX-976 4.39 10.76 12.5 4.73 10.18

13.04 1.7 7.12 12.9 BHT/976 3.36 11.24 13.4 4.64 13.44 15.28 1.42 7.02
13.54 23w093078k13t 14.29 15.8 4.87 10.69 13.39 1.78 7.48 P8TAIS010703 976
5.13 13.78 15.66 4.6 10.80 14.14 1.56 7.89 13.95 W exani ned ot her

phenolic conpounds in conbination with tert butyl
phenot hi azi ne (TBC/ BHT/ PTZ, TBC/ | -232/ PTZ, TBC/ | rganox
scorch test,

performed equal ly,
PLX 976 (TBC/ I-132/ Phenot hi azi ne) but swatches exposed to the NOx Funes,

i ght and U. V.gxAStiliasionest piotioc@abR&nAiAf erences (Table 1V).

Fl uor escent
Each test

1010 bl ends
preferred.

Li ght wo-M
5.63 0.93 5.
7.84 1.83 7.

bl end was st
to conpare c

i n our

ca

to the prefer

techol and
1010/ PTZ) .
red experi nment al

It is i

Each

bl end

showed that after extended exposure to stressful environnents
PLX 976 performed better.

Yo enphasize that the BHT and

{

are solid compositions, which although functional, are |ess
UNSTABLI| FED \SORPEMnR@76 TalblarescEnt Fighe F| uor ds¥ehight Chanber

7.0 Hs} 1% 5 His. 3 ay$ %% H 20 % Hr35 Upstlabi | ized 3144 8. 01
34 PLXt 96 6. HBs 9. Hirs4| Aayd. 7MaPs 71DaysohvHr Bl efes 4. HBs 1j0. 53

12 VANDX 9457710.21 I4.60 10.40 5.68 10.#9 Wi le the prleferred
PMX-H% Bledon fam | ass |nathe 1@s8s 4 pridi scugseda.ong want ed
HiPf/o5e) &l Rpmenta.of 1Bhi $ 465t ¢oaPOSIstioh 1apd the twa 54

232/976 7.4 1429 158 487 1069 13391 178 748 132

1010/976 | 5.13 13.78 15.66 | 4.6 10.80 1414 | 156 7.89 1395

We examined other phenolic compounds in combination with tert butyl

catechol and phenothiazine (TBC/BHT/PTZ, TBC/I-232/PTZ, TBC/Irganox

1010/PTZ). Each performed equally, in our scorch test, to the preferred experimental
blend PLX 976 (TBC/I-132/Phenothiazine) but swatches exposed to the NOx Fumes,
Fluorescent light and U.V. light showed noticeable differences (Table IV). Each test

showed that after extended exposure to stressful environments PLX 976 performed

better. It is important to emphasize that the BHT and 1010 blends are solid

compositions, which although functional, are less preferred.

UNSTABLIZED VS PLX-976

(Table IX)
Fume Fluorescent
Chamber Light W-0-M
7.0 Hrs 11.5 Hrs. 3 Days ¥ Hr 1% Hr
Unstabilized 5.44 8.01 5.63 0.93 5.34
PLX-976 6.58 9.54 4.87 1.70 5.71
Conv. Blend 4,93 10.53 7.84 1.83 7.12
VANOX 945 10.21 14.60 10.40 5.68 10.49

While the preferred blend was shown to stain foam less in the tests so far discussed

we wanted to compare color development of this test composition and the two

conventional blends against an unstabilized foam composition (typical foam recipe

without a scorch inhibitor package). Our objective was to understand how much

additional color is contributed from our novel package and the conventional offerings.

We discovered that PLX 976 and the conventional blends (BHT and 945) impart color

15



conventional bl ends agai nst an unstabilized foam conposition (typical foam
recipe wthout a scorch inhibitor package). Qur objective was to

under st amaolvaxv7ssueh addi ti onal color is contributed frompoarusademb3 package
and the conventional offerings. W discovered that PLX 976 and the
conventional blends (BHT and 945) inpart color 15 WO 03/078515

PCT/ US03/ 07603 to foamor stain the foamunder all test conditions while

t he unst abi | | z d foam osi t on devel aped | ess col or, except for
f1 uor escent ﬁ‘tegy all festpondift }B]ﬁﬁ% Sgbhiz?‘f@ﬁ@ cont ai ni ng
an i nhi bi tor dw@lsgﬁ&l adainRd s cdiomeeept foltinbresSeif lightdFosuite thdagiloramount  of

color to the foam anong the scorch inhibjtor packag}@ st udi ed,
| nportant!y, tllﬁ@aﬁlrf@@@mlrl?%en%a}ﬁ 2@ dnhibitar prres Hehled s ElpgiesctsRok chi ng i n
our box foam %%ﬁ%ﬂ@leﬁﬁ%ﬁouﬁmﬂ§olo?t6¥hé)ffoaﬁ1rﬁﬁloﬁ§ﬁfe%&rhlﬂﬂhﬁﬁt&%a@k &
preferred to no_ inhibitor package but anong those studied PLX 976 is nost
preferred becéukes. lnporganty the yestadilizgé fQagpeompasit ofh shogied sgyersy scoreBing\n
03/ 078515 PCT, EG cent
R S L M L R LI
PLX- 976 ( 5000plihjtor pﬁtb@g@ﬁﬁ a&lO@E t®segudied BLX P70 is0n@6 p2feded because it

contributes the least amount of color.
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(3500 pnm) The use |level of PLX 976 can be adjusted dependi ng upon desired
foam production rates and pol yol manufacturers preferences. Exam nation of
two di ffewernio7ssse | evel s showed that | ower concentrati on®CafUuSPLX60Y 6

i nparted | ess staining to foam swatches exposed to NOx funes, fluorescent
light or U V. light. FLUORESCENT LI GHT EXPOSURE (Table XI) C32 C33 C34 (2
C3 C31 Lowi nox Low nox Lowi nox Conventional PLX ANOX 70 AH25 in TBM5 in
MD24 in 945 976 .in.9 9 76 976 Unexposed b -1.69 -1.56 -1.49 -1.28
-1.01 -1.31 a&%@%—ﬁ@—@% 3.19 4.10 4.37 4.41 7 Days b 12.82 7.89
8.28 9.90 9.42 10.70 W exam ned ot hgaprogercially avail abl e Phenolic
derivatives and found simlar scorch performance with these packages vs.

PLX 976. Norfe of the grends Appown ('aDFl‘ﬁpx‘@sée)nt 1§ 11 gUT GwOhH_§gouT Se Wi t h

the exceptign of PLX 9765 fm alt ggse lﬂa er§ 1 rC H ht
exposure, t He Proposedg Fess—ecotot mratt tHhe—eorventy onal
package. Hovever, PLX 972 evel o I ess | or n the ropose bl lends
t hr oughout ”ﬁﬁl‘ﬁ’ﬂ? urie gi od. gg? 1.66 tlti'% 196 2%9
(5000ppm)
PLX-976 3.05 6.49 1.18 11.0 0.86 2.59
(3500ppm)

The use level of PLX 976 can be adjusted depending upon desired foam
production rates and polyol manufacturers preferences. Examination of two different
use levels showed that lower concentrations of PLX 976 imparted less staining to

foam swatches exposed to NOx fumes, fluorescent light or U.V. light.

FLUORESCENT LIGHT EXPOSURE

(Table XI)
C32 C33 C34
C2 C3 C31 Lowinox Lowinox Lowinox
Conventional PLX ANOX 70 AH25in TBMGS6 in MD24 in
945 976 in 976 976 976 976
Unexposed
b -1.69 -1.56 -1.49 -1.28 -1.01 -1.31
2 Days
b 8.63 2.65 3.19 4.10 4.37 441
7 Days
b 12.82 7.89 8.28 9.90 942 10.70

We examined other commercially available Phenolic derivatives and found
similar scorch performance with these packages vs. PLX 976. None of the blends
shown (Table VII) were liquid of course with the exception of PLX 976. In all cases
after 7 days fluorescent light exposure, the proposed blends developed less color than
the conventional package. However, PLX 976 developed less color than the proposed
blends throughout the exposure period.
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WO 03/ 078515 PCT/ US03/ 07603 WEATHEROVETER (Table XII) C32 C33 C34 (C2 C3
C31 Low nox Lowi nox Low nox Conventional PLX ANOX 70 AH25 in TBM5 in NMD24
in 945 9A80I/0%EB5 976 976 976 Unexposed b -1.53 -1.27 - 1P82/USL3/0%03 1. 10
-1.23 3 Hours b 10.60 5.37 5.47 7.11 6.03 7.48 7 Hours b 13.57 9.25 9.70
11.35 9.91 12.29 Table VIl shows simlarities anong several of the
experinental blends (C3, C31, C33). The next group found to be
significantly nore yel |l oned (C32, 0342. Bot h sets outperformed the control
conposition, conventional 945 (A L end). 18 WD 03/078515

PCT/ US03/ 07603 ATMOSPHERI C FUME O%?%Rﬁ)ifbl e XIl'l) C32 C33 C34 (C2 C3
C31 Low nox Lowi nox Low nox VANOX PLX ANOX 70 AH25 in TBM6 in MD24 in

C32 C33 C34
C2 C3 C31 Lowinox Lowinox Lowinox
Conventional PLX ANOX 70 AH25 in TBMG6 in MD24 in
945 976 in 976 976 976 976
Unexposed ‘
b -1.53 -1.27 -1.32 -1.04 -1.10 -1.23
3 Hours
b 10.60 5.37 547 7.11 6.03 7.48
7 Hours
b 13.57 9.25 9.70 11.35 9.91 12.29

Table VIII shows similarities among several of the experimental blends (C3,
C31, C33). The next group found to be significantly more yellowed (C32, C34).
Both sets outperformed the control composition, conventional 945 (Amine/Phenol
blend).
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945 976 in 976 976 976 976 Unexposed b -1.62 -1.60 -1.57 -1.24 -1.19 -1.52
3'/z Hours b 12.78 7.78 9.69 7.36 8.96 8.99 5 Hours 14.79 8.80 11.49 8.00
9. 80 10. 0®O ob/018b13Hours b 18.43 11.09 14.78 10.16 11.78 12Pr¢F/USozivice3 Xl | |
shows the results of foam sanples to 11 hours exposure in the atnospheric
fume chanber. In all cases the new fornul ati ons outperforned the
conventional blend significantly. In sunmary, it has been shown that
tert-butyl catechol (TBC) can be an effective scorch inhibitor. However,
liquids are preferred in t heiMESEHERIGRIMEGHAME e of handl ing.
Accordingly, several commercially avaibgiXmgrliquid phenolics (Isonox 132,
IsoRox 232 and Irganox 1135) are shown to be effective diluents for TBC,

W th | sonox

tests, and therefore bei t he st preherred %h r fE? ive EE“ I|cs
t hough solids and t herﬁgg not p I ue ? agbsl:gcl ?Iqéﬁqﬂif%w NOpH2

Lowi nox TBM5, Low nox and’y vall 6 fromokg eat Lajps
Cheni cal Corporationm—Thus,the (,unui lld.[ I on of —a —derivatTzed phenofic and
TBC, with or i fhaut PTZ, is shown to be a far superior additive than one
based on BHTb I's cl egre,t hat l:1y6osubst|1t§17t| ng aj,jhe 4 pqsition_ o 2

3 Y% Hours

b 12.78 7.78 9.69 7.36 8.96 8.99

5 Hours

14.79 8.80 11.49 8.00 9.80 10.00

b

11 Hours

b 18.43 11.09 14.78 10.16 11.78 12.45

Table XIII shows the results of foam samples to 11 hours exposure in the
atmospheric fume chamber. In all cases the new formulations outperformed the

conventional blend significantly.

In summary, it has been shown that tert-butyl catechol (TBC) can be an effective
scorch inhibitor. However, liquids are preferred in the industry because of ease of
handling.

Accordingly, several commercially available liquid phenolics (Isonox 132, Isonox
232 and Irganox 1135) are shown to be effective diluents for TBC, with Isonox 132
imparting the least color to foam according to stress tests, and therefore being the
most preferred. Other effective phenolics, though solids and therefore not diluents of
TBC, include Lowinox AH25, Lowinox TBM6, Lowinox MD24, and Anox 70
(available from Great Lakes Chemical Corporation). Thus, the combination of a
derivatized phenolic and TBC, with or without PTZ, is shown to be a far superior
additive than one based on BHT. It is clear that by substituting at the 4 position or 2
position of the phenol with a moiety other than methyl, surprisingly improved results
are achieved. Specifically, the invention encompasses a 2,6-tert-butyl phenol,

substituted at the 4 position with an aromatic, aliphatic or aromatic-aliphatic moiety

19



position of the phenol with a noiety other than nethyl, surprisingly
inproved results are achieved. Specifically, the invention enconpasses a
2, 6-tert-wotoglo7gsienol , substituted at the 4 position w t®rcarusas/omnti c,

al i phatic or aromatic-aliphatic noiety 19 WO 03/078515 PCT/ US03/ 07603 of
C2 or greater, optionally possessing conbinati ons of heteroatons,
preferably N, O, S or P. Optionally, those phenolics possessing

conbi nati ons qf  het eroat ons be . dinerized. PTZ i nproves, scorc

per f or mance qzl‘?égrﬁf‘tﬁ’éf’?/tl%laﬂgéosfe%@? F%‘BWB%IOE%?EhethF S RBTeT l&ﬁﬁ’ B@uti ng to
col or defl ectd &p. GptlonsIE HoRe piAbINStHOEsSssidy dohibfnafibntchf heerdhioldd wiag b0 col or
when conpared_to unstabilized foam bhut all scaorch inhibitors reduce

scorch whi | e 1REAAs PAHIMPLEE CHaAPELBPEREPt Siediinary blsnd (RBC/rproxplienol i ¢
part of the fiiBHRtdrbUERR IPDIR dBIRRILIANERESInhBiteh iPh&N@ldyC derivatives
(ie. Isonox 132 and Isonox 232 or |sonox 132 and Anox 70, etC). Ranges may
be appr opr i atniyibygjte selegwhen cappped & wistabilizeshfoamabyitiall sgorch/jnkipiteraspect t o
TBC in the clahBd A PRAR the Mbtabliized B &%Qﬁﬂ&f@gﬂf hay. it be present in
the preferred rangce of about 253t0635a% as the el(lgasﬁ?ittle difference in
scorch within this range. Above 35% the TBC begins to crystallize out,
though it ma I | i % . Lt 1.8 believed that
t he conposi t%@% p\%le‘?@%%?gg%ég% g%:a'? ¥%E&q}e@qg%{d?§g%0§§¥%@é}% Irlrdel%t of Data The
L, a, b val ues,defivgiivet fie Isdmak @82 dnddsdnos €32 e Isoreasi32 enld Asoxnt), atcY eRdmgesdy ne
Corp. Brightineter Mcr.o S4- antifies col or.devel oped in a sanple. The
Cah Cscal e MaRE apptobifel sl e Rhiewt FvReRRudy( ) OP5 by

correspondi ng dinension (X, y, z) and creates a color space. L,a,b

readi ngs taken.from Lnmen,, represent..color deviatfion froma white
o et anas ik R e i ety PR RS o e el S e grecent

in the preferred range of about 25 to 35 %, as there is little difference in scorch within

this range. Above 35%, the TBC begins to crystallize out, though it may be dissolved

again by heating. Below 25%, it is believed that the composition will not be effective.

Quantitative Treatment of Data

The L,a,b values, from the Hunter L,a,b scale, measured using a Technidyne
Corp. Brightimeter Micro S4-M, quantifies color developed in a sample. The L,a,b
scale, assigns to each variable (lightness (L), a, b) a corresponding dimension (X, y, z)
and creates a color space. L,a,b readings taken from a specimen, represent color
deviation from a white plaque standard. In practice, L,a,b readings are first acquired
from a control then compared to L,a,b readings taken from a subject specimen. For
our purposes, “b” values are compared against control values to quantitatively assess
the “yellowness” of a subject specimen. However, though “b” values are convenient

for our purposes a more full description of “color drift” is delta E:

AE= '\/ (L1 - L2)? + (a1 - a2)? + (b1 - b2)?
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froma control then conpared to L,a,b readings taken froma subject

speci nen. For our purposes, "b" values are conpared against control val ues
t o quant iwetmmedsys assess the "yell owness” of a subject spexruseso7chibwever,
t hough "b" values are convenient for our purposes a nore full description
of "color drift" is delta EE ~1 W~ W ~-~1 W AE= 20 WD 03/078515

PCT/ US03/ 07603 (L.a.b.)1 represents values taken froman arbitrary
standard or control, while (L.a.b.)2 represents values specific to a

sel ected specinen. The conposite value A E, quantitatively expresses col or

drift away fromu)pepeRsits @llues (te@éﬂﬁﬂingiﬂtaﬂﬂir&? sta8E0@ i doatrol, Watfle @by t he
di stance fornmula for 3-sp acg the distance of any two points in 3-

space is meadBREYNGYRNE PRFILC igd FPeCHREY t@ﬁf’?‘?positﬁéalﬂ?i’ﬁ@al ue is nerely
an_ absol ut e (lhfnes dpeis b6t GRNLH!rorl oDzl (G o desizBol say

whet her the difference is "good" |f the control had an
undesi rabl e éwéﬁ i the ghisgpmcaforngla f@r&maa%r@ma@@a%@w af 3w tyapest if Adi cat e a

di fference bapigeinkhGioA90hE ths ARthisPaRRIRRy, e Ahe Arpiialla suggest that

t he speC|nen ese | es the control In"this case 1s undesirable.
Conver sel y, iabsalie disianeg fapm detvionials Imandecdiitsel bit docspobeay aethenthenal | AE i s

desirable. Vefaungid b AR GaLoh AL ARSI HEY & SAMNAL b | Brgfliig Lo si bl e

"b" values from scal 0 use i n our
eval uations. dé,klsable ‘txehtmse laige vuhxleumdicstefaaiiﬁfdrynodéswweblptlmumtmh amdmzbmmn can
qui ckly asses

yel | owness inc re r]s es a ug%egftg%ﬁ%e Spe@%‘ep ﬁsglfl é‘g}s:ogqn@ﬁ?zﬂ %gh 1%%%% ch Every
formul ati on ps esiesitabib. Cnmteme]y, {fathe néntvhexishibjacietientlletappearanice » emalV AEScor ch

is desirable. We found that AE calculations were equivalent in value to simple “b”

values from the L.a.b. scale and chose to use the later in our evaluations. Also, the

“b” value is fairly descriptive in that we can quickly assess the “yellowness” of a

given sample recognizing that yellowness increases as b increases.

Qualitative Assessment of Scorch

Every formulation presented in this patent was subjected to a microwave scorch
test. The resultant foam bun was allowed to cool after reaction and split open for
visual inspection. We compared each formulation to a control (containing a
conventional scorch inhibitor) run the same day. Since every formulation
presented in this study performed similarly in scorch to conventional scorch
inhibitor packages, we will only incidentally mention those results and rather
focus on foam stress tests including NOx treatment, U.V. and fluorescent light
exposure. It is our position that the uniqueness of the inventive formulation
described below arises from its low staining properties while providing scorch

protection equal to commercially available conventional packages.

21



test. The resultant foam bun was allowed to cool after reaction and split
open for visual inspection. W conpared each fornulation to a. control
(cont ai niwg &/078sehivent i onal scorch inhibitor) run the sanmPCdawos/@Bionte every
formulation presented in this study perforned simlarly in scorch to
conventional scorch inhibitor packages, we will only incidentally nention
those results and rather focus on foam stress tests including NOx
treatment, U V. and fluorescent |ight exposure. It is our position that

t he uni queness of the inventive formulation described below arises from
its | ow st ai rilnighspr operties while providing scorch protection equal to
commerci ally avail abl e conventi onal packages. 21 WO 03/078515

PCT/ US03/ 07603 dCdains 1. A scorch inhibitor conposition for use an

addi tive in tihe mangebas ikt ompuaktion el 3a aeaddatn teemuf3fdof @ _
derivatized di-tert-butyl phenol, substituted wwth an aromatic, aliphatic

or aromatic-al i phRPPHeH3NOpmefCopPrige:gr eat er, the noiety optionally

possessi ng combi nat i ong agifvaldacs A AP prehl SR QR ARA b aroffi e di mer i zed.

4-tertbutyl catechol, and optionally, phenothiazine. The conposition of

claim 1, wherein the phiatic orarematicglighaticangictlyof Gb oxgresries the goistyat i ve or a
2,4-di-tert-butyl phengl,: I I\ : it i 1,
wherei n the heteroat om%g tg%glwo%%%g%ﬁﬁ%ﬁblg{@ggﬁfm%rﬁ%atﬁé@%g}ﬂ E;Crh o%(lag&g%xsi sting
of N, 0, S and P. may be dimerized,

4-tertbutyl catechol, and

optionally, phenothiazine.

2. The composition of claim 1, wherein the phenol is a 2,6-di-tert-butyl phenol
derivative or a 2,4-di-tert-butyl phenol derivative.

3. The composition of claims 1, wherein the heteroatoms are one or more chosen

from the group consisting of N, O, S and P.
4. The composition of claim 2, wherein the phenol is a liquid phenol.

5. The composition of claim 4, wherein the phenol is chosen from the group
consisting of 2,6 di-tert-butyl-4-isobutyl phenol; 2,6 di-tert-butyl-4-nonyl
phenol; and benzenepropanoic acid, 3,5-bis (1,1-dimethyl-ethyl)-4-hydroxy-
.C7-C9 branched alkyl esters.

6. The composition of claim 2, wherein the phenol is 2,6 di-tert-butyl-4-isobutyl
phenol.

7. The composition of claim 2, wherein the phenol is 2,6 di-tert-butyl-4-nonyl
phenol

8. The composition of claim 2, comprising the following in weight percent:
derivatized phenol at 45-95%
tert-butyl-catechol at 5-55%
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4. The conposition of claim2, wherein the phenol is a liquid phenol. 5.
The conposition of claim4, wherein the phenol is chosen fromthe group
consi st i NgowB/028565 di -t ert-butyl -4-isobutyl phenol; 2,6 PCT/US03/07603

di -tert-butyl -4-nonyl phenol; and benzenepropanoic acid, 3,5-bis (1, 1
-di net hyl - et hyl ) - 4- hydroxy- .C7-C9 branched al kyl esters. 6. The
conposition of claim2, wherein the phenol is 2,6 di-tert-butyl-4-isobutyl

henol. 7. The conpositjon.of. cl 2, wherein the phenol is 2,6
8i-tert-buty|-4-nony| p%ﬂ@ﬂ%?“@?%#ﬁ%Lconposition of claim2, conprising the
following in weight percent: derivatized phenol at 45-95%
tert-butyl-catech at 5-5b% .22 03/ 078515 PCT/.USQD3/ Q7603 henot hi azi ne
at 0-2% 9. Fhe cafpETRIBRASE gleang\grﬁompﬂélaﬁﬁﬁfgﬁ@% R HEIPERFHY in wei ght
percent: derivatized phpagleddhe@Pat/Gshoprt - butyl -catechol at 22-35%
phenot hi azine at 0-0.75%_10. The conposition of claim9, conprising the
fol l owing in weight pefcgeifyl-caigehal 9:4%-3%¢0 phenol at about 66.5%

tert-butyl-catechol at abomta,33% 0-phenot hi azine at about 0.5% 11. The
conposition of claimb5, conprising the follow ng in weight percent:

10.  The composition of claim 9, comprising the following in weight percent:
derivatized phenol at about 66.5%
tert-butyl-catechol at about 33%
phenothiazine at about 0.5%.

11.  The composition of claim 5, comprising the following in weight percent:
derivatized phenol at 45-95%
tert-butyl-catechol at 5-55%
phenothiazine at 0-2%.

12.  The composition of claim 11, comprising the following in weight percent:
derivatized phenol at 65-75%
tert-butyl-catechol at 22-35%
phenothiazine at 0-0.75%.

13.  The composition of claim 12, comprising the following in weight percent:
derivatized phenol at about 66.5%
tert-butyl-catechol at about 33%

phenothiazine at about 0.5%.

14.  The composition of claim 1, wherein the phenol is chosen from the group
consisting of 2,2’-thiodiethylene bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)
propionate; 4,4’-thio-bis-(2-t-butyl-5-methyl-phenol; and 1,2-bis(3,5-di-tert-
butyl-4-hydroxyhydrocinnamoyl) hydrazine
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derivatized phenol at 45-95%tert-butyl-catechol at 5-55% phenothi azine at
0-2% 12. The conposition of claim11l, conprising the follow ng in weight
per cent: woasiovssis zed phenol at 65-75%tert - butyl - cat echolPcatusa2o89o
phenot hi azine at 0-0.75% 13. The conposition of claim 12, conprising the
followng in weight percent: derivatized phenol at about 66.5%
tert-butyl-catechol at about 33% phenothiazine at about 0.5% 14. The

conposi tion f cl er ei.n th heno from.the group
consi sting 01(‘)l 2, Zallhfeﬁo%aovgé} {AL Slgam ‘E‘[%enﬂgw@%ﬁ?o[il QS{}FW YlRy dr oxyphenyl )
propi onate; 4,4' - hhdoglinene 2-t - but yl - 5- met hyl - phenol ; and

1, 2-bis(3, 5- di -tert- butyl-4-hydroxyhydroci nnanoyl) hydr azi ne 23 WO

03/ 078515 PCT/ US03/ 07603 15. The conposition of claim1l, wherein the

phenol is 2, 3di - tA pelylrethinedbfl bo®Fising 4 Scordh RIbH Y d@iﬂljbaﬂﬁorf 2ARingFPr i si ng
C

a scorch inhibitor cop('ﬂom ti on according to any of ainms 1-15. 24
any o aims 1-15.
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