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This invention relates to the stabilization of alkyl
phenol compounds, it being particularly directed to a
process for improving the resistance of said compounds
against deterioration in color and odor with age.

The alkyl phenols, wherein at least one of the hydrogen
atoms attached to the phenyl nucleus is replaced by an
alkyl group, are normally light-colored compounds hav-
ing a mild odor when freshly prepared. However, many
of these compounds take on a definite discoloration when
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acids; phosphorus acid; hypophosphorus acid; and the
polyphosphoric acids such as the polymeta-phosphoric
acids (HPOs)y, and the polyphosphoric acids of the pyro-
phosphoric acid type having the formula Hy, oPyOs.1-
In these formulae x is at least 2, generally 2 to 6,
although' other polyphosphoric acids can also be used.

" Another suitable type of polybasic acid of phosphorus is
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allowed to stand, at the same time acquiring a strong

and rather unpleasant odor. This deterioration in qual-
ity is particularly manifest in the case of the polyalkyl
phenols, many  of -which, especially the 2,4,6-trialkyl
phenols, are employed as oxidation inhibitors in materials
where it is important that there shall be no change in
the color or odor of the resulting composition.

It is a general object of the present invention to pro-
vide' a method for improving the resistance of alkyl
phenols to deterioration in color and odor with age. A
further object is to provide a method of this character
which may be effectively employed in the treatment of
polyalkyl phenols. The compound 2,6-ditertiarybutyi-4-
methyl phenol, although possessing outstanding inhibitor
qualities, is especially susceptible to yellowing and odor-
development during storage, and it is a particular object
to provide a method for improving the color- and odor-
stability of this compound. The nature of still other ob-
jects of the invention will be apparent from a considera-
tion of the descriptive portion to follow. .

It has been discovered that the stability of alkyl phenol
compounds against deterioration in color and odor can
be greatly improved by treating said alkyl phenols with a
polyfunctional acid of phosphorus compound, especially
the polybasic acids of phosphorus and their salts or
esters. As a result of this treatment, it is possible to pro-
duce from alkyl phenols, which would otherwise dis-
color and acquire an unpleasant odor after a short inter-
val, stabilized alkyl phenols which are capable of being
stored for many months without exhibiting any appre-
ciable change in color or odor.

The polyfunctional acid of phosphorus compound em-
ployed in stabilizing the alkyl phenol can be selected
from a wide variety of compounds. Representative sta-
bilizer compounds of this type, any one or more of which
can be used in the process of the present invention, are,
in addition to the previously mentioned preferred poly-
basic acids of phosphorus and the salts and esters thereof,
the monobasic phosphorus acid compounds which contain
at least one additional functional group in the molecule,
for example, an amino or hydroxyl group or the like.
~ Typical polybasic acids of phosphorus which have been
found to be effective in stabilizing alkyl phenols accord-
ing to the invention are, for example, the phosphoric
acids, particularly ortho-, pyro- and hypo-phosphoric
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the primary phosphonic acids represented by the general
formula . .

R—%’(OH):

in which R is an organic radical linked to the phosphorus .
atom by a direct carbon-to-phosphorus bond, examples of
such acids being, for instance, methane phosphonic acid,
trichloromethane phosphonic acid, 3,5,5-trimethylhexyl
phosphonic acid, benzene phosphonic acid, etc. Other
suitable polybasic organic acids of phosphorus can also
be used, it being preferable as a general rule to employ
those which contain from 1 to about 12 carbon atoms
per molecule.

Especially suitable salts of acid of phosphorus com-
pounds are the alkali metal and ammonium salts, for ex-
ample, mono-, di- and tri-ammonium, sodium, potassium
and lithium phosphates, phosphites and polyphosphates.
The alkali metal and ammonium ortho-phosphates have
the advantage of being cheap, readily available and less
corrosive than the free acid which, however, is somewhat
more effective. Salts of polyphosphoric acids which are
suitable stabilizer compounds are readily prepared, for
example, by fusing mixtures of orthophosphoric acid-salts
with bases or by fusing mixtures of salts of monophos-
phoric- acids ‘and polyphosphoric acids. In this way a
large number of different polyphosphoric acid compounds
can be produced, each differing only slightly from its ad-
jacent members of the series and all being effective in
the process of the invention. Mixed salts as well as
simple salts can be used, and with the polybasic poly-
phosphoric acids of high molecular weights the mixed
salts having both monovalent and polyvalent anions are
particularly suitable. Thus, mixed salts having alkaline
earth' metal or aluminum or zinc ions together with
alkali metal ions, for example, the calcium-sodium or
magnesium-potassium or aluminum-ammonium salts of
high polyphosphoric acids, can be used advantageously.
With such salts ‘it is preferred that the ratio of mono-
valent anions to polyvalent anions present be high, as the
water solubility is thereby improved. Representative ex-
amples of other suitable polyphosphoric acid salts are,
for instance, sodium - trimetaphosphate (NaPOQy)s, so-
dium tetrametaphosphate (NaPOg),, sodium hexameta-
phosphate (NaPQ;)g, tetrasodium pyrophosphate

NagP,0y

disodium dihydrogen pyrophosphate Na,H,P3Qy, triso-
diom hydrogen pyrophosphate NazHP;04, sodium tetra-
phosphate NagP;043, the complex fusion product from
two moles of monosodium dihydrogen phosphate and
one mole of disodium monohydrogen phosphate

NasPGOm

Thiopolyphosphates may be used in place of or in con-
junction with the foregoing salts. Examples of salts of
this type which are useful are, for instance, sodium
monothiotetraphosphate NagP;0,,S and sodium trithio-
tetraphosphate NagP;010S;. These compounds have the
same general efficiency as the other water-soluble poly-
phosphoric acid compounds in improving the color and
odor stability of alkyl phenols according to the invention.

Instead of the foregoing inorganic salts, amine salts
of acid of phosphorus compounds can be effectively used,

as the stabilizing agent. Aliphatic, aromatic and alicyclic
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amines which can be primary, secondary or- tertiary are
siiitable. “Salts of acids of phosphorus and amines hav-
ing 1 to 12 carbon atoms per molecule are generally pre-
ferred. Methyl, ethyl, 1sopropy1 tertiary butyl, cyclo-
hexyl phenyl and like amine ‘salts of ortho phosphonc
‘ tetraphosphonc afid- hexameta phosphonc ac1ds, for ex-
ample, aré effectlve stabilizer compounds, as are the
ethylena ‘diaming, morpholing, mono-, di- and tn—_ethanol-
amine salts of these acids. Salis of substituted
such as the alkylolammes, amino acids such 2
alamne étc., morpholine ethanol, and the like are usetul
as the salts-of either polybasic’ acids of phosphorus or
monobasic acids of phosphorus such as meta phosphoric
acid.

A wide variety of esters of acids of phosphorus are
effective  as stzbilizer compounds. in. the process: of the
mvenuon Suitable esters are, for -instance, orthophos-

hols, glycerol, glycol el
polyallyl alcohols, and the hke The polyphosphonc
acid, e.g. the pyrophosphorlc and tetraphosphonc acids,
esters are equally suitable. Ammo-s
an especially advantageous subgroup ‘of ‘esters useful in
the new process. Esters of polyhydric alcohols or amino-
substituted " alcohols are the preferred m -phosphorlc
ac1d esters.  Thus, glycerol monometaphosphate beta-
aminosthyl metaphosphate, ethylene glycol dimetaphos-
phate and the Iike are su1tab1e

Another type of esters which. are suitable is the phos-
phates of aliphatic esters of amino acids. U.S. Patent
2,103,558 describes a number of useful esters of this type
prepared from orthophosphonc acid and esters of amino:
acids such. as glycerol and sarcosin and havmg the -gen-.
eral formula (NXZR'COOR)H3PO4, wherein X is hydro-
gen or a substituent element or group, e.g. alkyl, amino-
glkyl, imido-alky!l, chlor,o,,a]kyl hydroxy-alkyl or the like,
and R and R’ represent alkyl, aryl, aralkyl, alicyclic or
heterocychc alkyl radicals. Addition products of meth-
yl ethyl, isopropyl, tertiary butyl and like .esters of tyro-
sine, tryptophane, and creatine with orthophosphoric. acid:

are, typlcal useful compounds- of this class which. can be.

used in stabilizing according to the present. invention.
However, the correspondmg products  from ~metaphos-
phonc acid and the various polyphosphoric acids’ and:
their acid salts such, for instance, as mono-sodinm dihy-
drogen- ‘pyrophosphate and- the. like, are equally. useful in
the new process.

Whatever the type of polyfunctional acid.of:phosphorus
compound -chosen. as the: stabilizer compound; it should
be one which is: soluble. in. the tr eating: medium under: the
conditions -of ts application. to: the. alkyl phenol being
stabilized to an extent sufficient to form a solution’con.

talmng at least 0.01% by weight of: such polyfunctlonal‘ ‘

compound. based upon the alkyl phenol: present:

The process of the present invention can be practlced
with good effect in the case of any alkyl phenol. It is
especially advantagecus with - alkyl pheno]s having an
alkyl group. of-2 to 20 -carbon atoms in ‘the ‘molecule.
Representative startlng compounds of- this type are the
various. cresols, o-, m-"and. -p-ethyl- phenol, p propyl phe—
nol, " p-isopropyl. phenol, p- tertiarybutyl- phenol,” 2,4-di-
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tained in the treatment and resultant stabilization of the
polyalkyl phenols, many of which are given above.
These polyalkyl phenols are prepared by conventional
processes, the usual method being to heat phenol or an
alkylated phenol derivative such as o-, m- or p-cresol with
an alkepe in the presence of an acidic condensing agent
such as sulfuric acid, phespheric acid, hydrogen chloride
or ferric chloride, the alkene attaching to one or more
of _the carbon atoms of the phenyl nucleus, depending on
the reactaau propomons employed The next step in
w1th aqueous caustxc solution, following which the neu-
tralized produet is washed and, if desired, further puri-
fied, as'by crystalhzmg the product one or more times
from an alcoholic or other 11qu1d solution. The products
50 obtained are normally light in coloer and possess little
b'ecnonable odor axthough many darken rapidly and
nable odor as they are stored.
The alkyl phenol compounds are stabilized by treat-
ment with an acid of phosphorus or salt thereof -in the
presence of a solvent for the stabilizer or for both the
stabilizer and the alkyl phenol. ‘When present in the
molten condition, the alkyl phenol can itself act as the
solvent, although other solvent media such as water,
ethyl, methyl, isopropyl and various other alcohels, as
well as ethers such as diethyl ether, methyl ether of ‘di-
ethylene glycol and the like, can be used. Thus, the
stabilizer compound, in either the presence or absence of
a.solvent, can be added to a system wherein the alkyl
phenol is present in the liquid condition. Again, a solu-
tion ‘of the acid or salt can be added to the solid alkyl
phenol’ compound. The details of severdl available
treating methods will be set forth in the examples.

The. amount of the stabilizing-agent to' be employed is
susceptible. to some variation. © Fhus, amounts as small
as 0.01% of the acid or salt, in terms of the weight ‘of
alkyl phenol compound present, have given good results,
although: ;preferably there is employed at‘least 0.05% of
the stabilizing additive. Again, good results have been
obtained using amounts thereof as-large as 5%, although
for reasons of economy. it seldom pays to use more than
about 1%: since any additional benefits so gamed do not
justify-the added expend1ture :

Parncularly when using as the stabilizer compound- an
acid of phosphorus ¢compound which is strongly acidic,
it is- desirable to control- the conditions of treatment so
as. to avoid conversion of: the alkyl phenol being stabi=
lized:. “Thus, in such- cases it is generally desirable to
carry-out the treatment at a' téemperature below about
125° C. in order to aveid any appreciable dealkylation
of: the. alkyl phenol. ' Excessively long periods of “treat-
ment at--the higher permissible temperatures are also

- preferably. avoided, treatment times of not °ubstant1aliy

more than 3 hours being preferred When employmg
salts of acids of: phosphorus, especxally the preferred
mono- and: di-alkali metal and ammonium salts of phos-
phoric acid; or esters of phosphorus acids, higher tem-

.- peratures-and longer treating times can be used"without

60

methyl phenol, 2-methyl-4-tertiarybutyl phenol, 2-terti-

arybutyl-4-methyl phenol, 2-methyl-4- -dodecyl phenol,
2,4-ditertiarybutyl. phenol 2,6- dxethyl phenol 2-methyl-,
6-tertiarybutyl phenol, 2,4,6~ tnmethyl phenol 2,6-di-
ethyl-4-methyl phenol, 2,4,6- tnethy[ phenol 2,6- dlpro-
pyl-d-methyl phenol, 2,4 6-tr1propyl phenol 2,6- dlethyl-
4-tertiarybutyl phenol, 2-tert1arybutyl—46
nol; 2,4.6-tritertiarybutyl phenol, 2,4,6- sopropyl, phe-
nol; 2,4,6- tntertlaryamyl phenol 2 ertlarybut 4,6-d1-
tertiaryamyl” phenol, 2-tert1aryamy1-46 dimethy] phe ol,

2-isopropyl-4,6-dimethyl "phenol, 4-methyl-2, 6-d1tert1ary— :

amyl ‘phenol: and 2,6- dxtertlarybutyl 4-tert1aryamy1 phe—
nol: " However, particularly good results have been ‘ob-
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. compound at ‘the convemence‘ of the

danger. of: conversion of the statting alkyl phenol: ‘As a
general rule, temperatures 'of about 0° C. to about 100
C. and treatment times of about' 2 minutes to 3- hours,
preferably about 10 to 60 minutes, are advantageous
when using either the free. acids or the salts as stabilizer
compounds.

It is-a feature of-the present invention that the ‘stabi-
lizing-action exerted by the added acid or. salt compound
employed persists- even- though the stabilized alkyl phe-
nol -compound is thereafter given one or more of various
washing or’ even recrystalhzatlon treatments  with_sol-
vents which might otherwise ‘be expected to remove any
of the ac1d or salt stablhzer present. This is an adyan-
tage since the stabilizer be added to. the alkyl phenol

not be added duqng the final treatmgA steps In same
cases the latter are practlced only after the lapse of a
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coiisiderable period following the original production of
the alkyl phenol compound, during which period the
phenol might otherwise have deteriorated in celor and
odor were. it not for the stabilization treatment earlier
practiced.

The process of the present invention is illustrated by
the following examples:

EXAMPLE 1

A. A quantity of 2,6-ditertiarybutyl-4-methyl phenol
was prepared by alkylating p-cresol with isobutylene in
the presence of a minor amount of concentrated sulfuric
acid as catalyst. The acid alkylate produced in this man-
ner was then neutralized with aqueous caustic solution
and water-washed. The resulting product was then com-
bined with an equal weight of a solvent made up of
85% 1isopropyl alcohol and 15% water at 60° C. The
resulting solution was then cooled to room temperature,
thereby crystallizing out the alkyl phenol. These crystals
were recovered, washed with fresh quantities of the iso-
propanol solvent, and air dried. As indicated in the table
which follows Example III, the crystailine product so ob-
tained, which was originally white in appearance, and had
a mild odor, became progressively darker as it was al-
Jowed to age. At the same time, its original mild odor
changed in character and grew progressively more
unpleasant.

B. Companion operations were conducted under the
same conditions as those described in the foregoing para-
graph, except that here the neutralized alkylate was
washed for a period of 30 minutes not with water, but
with a hot (80° C.) 1% aqueous solution of diammonium
phosphate, the amount of wash solution employed being
such that the quantity of diammonium phosphate stabi-
lizer present amount to 0.3% by weight of the 2,6-diter-
tiarybutyl-4-methyl phenol. As will be seen from the fol-
lowing table, the crystalline product which had earlier
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50 obtained was twice washed with the alcohol-water sol-
vent; after which the crystals were air-dried for two days.
As indicated by the data present in the table, the crystal-
line product obtained in this manner rapidly deteriorated
with age. )

In' companion operations conducted under otherwise
the same conditions as described in the preceding para-
graph, diammonijum phosphate and sodium tetraphos-
phate (NagP40O,3) were introduced along with the alcohol-
water solvent media from which the product was crystal-
lized. As shown in the table, each of these additives ef-
fectively stabilized the product against deterioration in
color for the 18 weeks during which they were tested. In
contrast with the product which had been similarly treated
without these additives, there was no deterioration in
either color or odor of the thus stabilized alkyl phenol.

EXAMPLE I

A mixture of caustic-neutralized 2,6-ditertiarybutyl-4-
methyl phenol (1000 parts), isopropyl alcohol-water azeo-
trope (200 parts) and orthophosphoric acid (2.5 parts)
was stirred vigorously at 80° C. for 30 minutes. The or-
ganic layer was separated by decantation and the trialkyl
phenol was crystallized therefrom by cooling to ambient
temperature with moderate stirring. The crystals were
recovered by vacuum filtration and washed once with 100-
part and twice with 50-part. portions of isopropyl alco-
hol-water azeotrope. After drying at room temperature
for four days, the crystals were stored in the dark. After
35 weeks of storage, the crystals were essentially un-
changed in either color or odor. Their Gardner color,
determined on the melted crystals, was less than one.
Equally good results are obtained when tetraphosphoric
acid is used in place of the orthophosphoric acid, but crys-
tals from the same plant alkylation batch which were simi-
larly treated without addition of a stabilizer deteriorated
noticeably in color and odor in three weeks.

Table
STABILITY OF 2,6 DITERTIARYBUTYL-4-METHYL PHENOL
Gardner Color No.? of Melt After Storage for—
Wt. Per-
Example Stabilizer cent
No. Stabil- 0 2 4 8 14 i8
jzer1 | weeks | weeks | weeks | weeks | weeks | weeks
I-A .| None, 1 5 12 13
T-Bovmeee Dismmonjum 0.3 1 1 1 21 R VA
phosphate.
II None 1 2 4 [ 8 8
) & VB Diammonium 0.3 1 1 1 1 1 2
phosphate,
| § S Hexasodium 0.3 1 1 2 2 2 2
tetraphos-
phate,
) 4 4 R None. 1 2 4 8 9 9
j 3 | S, Phosphorie 0,25 <1 <1 <1 <1 <1 <1
acid (HaPOy).

1 Based on the 2,6-ditertiarybutyl-4-methyl phenol present.
2 On the Gardner Color Scale, No. 1 corresponds to & nearly water-white lquid. No. 6

is & very pale yellow, and No. 10 is a deep yellow.

work by Gar

been washed with the diammonium phosphate _solution
was little changed in color during the storage period. Its
odor was also unchanged during this period.

EXAMPLE II

In this operation the 2,6-ditertiarybutyl-4-methyl phe-
nol product, obtained on neutralizing and water-washing
the 2,6-ditertiarybutyl-4-methyl phenol prepared by treat-
ing p-cresol with isobutylene in the presence of sulfuric
acid, was mixed with 20% by weight of a solvent made up
‘of 85% isopropyl alcohol and 15% water, the resulting
- liquid being maintained at 80° C, for one-half hour. At
‘the end of this period the organic layer was separated
and then cooled, with stirring, to room temperature to

This scale i3 defined in the reference

dner and Sward, “Physieal and Chemical Examination, Paints, Varnishes,
Lacquers, Colors,” 1950 ed., page 9. Published by Henry A. Gardner Laboratory, Inc.,
4723 Elin S¢., Bethesda, Md.
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EXAMPLE IV
In this operation fresh crystals of 2,6-ditertiary butyl-

" 4-methyl phenol prepared in the manner described in Ex-

ample I, paragraph A, are slurried at room temperature
with one-third their weight of a 1% solution of trisodium
phosphate in a solvent made up of 85% isopropyl alcohol
and 15% water for about 30 minutes. The treated crys-
tals, after recovery and drying as described in Example
I, are stable in color and odor during long storage in
which the untreated crystals become badly discolored. an

develop a strong unpleasant odor. -

EXAMPLE V
In this operation untreated crystals, prepared as de-

-crystallize out the alkyl phenol. The crystalline product 76 scribed in Example I, paragraph A, are placed on a Buch-
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‘ner funnel and washed at room-temperature ‘with one- A

sixth their ‘weight ‘'of a 1% sclution of dipotassium-phos-
phate iin the solvent 'used ‘in Example TV. The washed
crystals remain -essentially white for at least 17 weeks and
retain their initial mild odor substantially unchanged.

EXAMPLE VI

In plant scale tests of the :process, diammonium phos-
phate was used ‘to treat ‘the product of -alkylating para-
cresol ‘with isobutylene in the presence:of sulfuric acid.
In one case; ten-pounds of diammonium phosphate were
added to 1235 -gallons -of ‘water ‘used to tank-wash about
3000 pounds-of neutralized alkylate and the phases were
mixed by pump circulation for -one ‘hour at 85° C., after
which:the Tower aqueous phase and the alkylate were re-
covered, crystallized and dried. In the other case, diam-
monium phosphate in an amount -of 01.15% by weight,
based on the alkylate, was added to the crystallizer in
the form of a 35% aqueous solution, and ‘the mixture
stirred at 65° ‘C. for -one “hour, after which ‘the ‘crystals
were tecovered and -dried in-the same way. Both prod-
ucts were completely stabilized ‘and ‘had a Gardner color
for the melt of 1 after 12 weeks’ storage, during which
time ‘there was no deterioration in -oder.

Similar ‘good results are :obtained when sodium phos-
phite is substituted for the ammonium phosphate in these
operations.

It will thus be seen that the process can be suceessfully
carried out with a-wide variety of acids of phosphorus and
salts thereof, ‘and it will be understood that the ‘invention
is not limited-to-the ‘examples which have been given by
way ofillustration'since any alkyl phenol having an alkyl
group of -at least two carbon atoms can be effectively sta-
bilized with -any -of ‘these stabilizer compounds.

“This application is a -continuation-in-part of our co-
pending “application, Serial No. 239,184, filed July 28,
1951, now U.S. Patent 2,672,485, issued March 16, 1954,

We claim as our invention:

1. The method for improving the color- and odor-
stability ‘of ‘an-alkyl phenol which tends to become dis-
colored and to develop an odor with age which comprises
treating ‘said ‘alkyl phenol ‘with 0.01% to 5%, -based on
the weight of alkyl phenol, of polyfunctional :acid :of
phosphorus .compound .at a temperature below 125° C.
for .a .period between .about 2 minutes .and 3 -hours -at
which no substantial conversion of said alkyl phenol
takes -place -and recovering ‘the starting alkyl pheno! :as
stabilized product.

2. The method of claim 1 wherein the treatment is
warried .out in:the presence:of a liquid solvent for -said
polyfunctional acid of phosphorus compound,

3. The method for improving the color- and .odor-
stability of an alkyl phenol comprising washing said
alkyl phenol with :an aqueous alcohol sclution of -at
least one polyfunctional acid of phosphorus compound
at :a temperature ‘below :125° ‘C., the amount of -said
phosphorus compound being 0.01% to 5% by weight of
said alkyl phenol, -and recovering the starting alkyl phenol
as stabilized product.

4. The method for improving the color- and odor-
stability .of .an.alkyl phenol comprising crystallizing said
alkyl phenel from a solution containing 0.01% to about
1%, based on the weight of alkyl phenol present, of
polyfunctional .acid of .phosphorus compound at a tem-
perature below 125° C., the amount of said phosphorus
compound .being 0.01% to 5% by weight of said alkyl
phenol, -and recovering the starting alkyl phenol -as sta-
bilized product,

5. 'The method for improving -the color- -and odor-
stability of 2,6-ditertiarybutyl-4-methyl phenol comprising
treating said alkyl phenol with .at least one polyfunc-
tional acid of phosphorus compound at a temperature
below 125°:C.;'the amountof said‘phosphorus compound
"being 0.01% to*5% “by-weight -of :said -alkyl-phenol,-and
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récovering the 2;6-ditertiarybutyl-4-methyl ‘phenol :as sta-
bilized -product.

6. The method ‘of -¢laim 5 wherein the polyfunctional
acid -of phosphorus .compound is phosphoric -acid.

7. In the alkylation of a phenol by reaction-with an
dlkylating -agent in the presence of a catalyst, the method
for improving the color- and odor-stability of -the alkyl-
ated phenol which comprises .separating the alkylated
phenol from the alkylation mixture and contacting it
with 0.01% to 5% by weight of a polybasi¢ acid of
phosphorus compound ‘at a temperature of about 0° C.
to 125° C. for a time ‘between about 2 minutes and 3
hours -at which no substantial conversion of said alkyl
phenol takes place and .recovering the starting alkyl
pheno! as stabilized product.

8. The method of claim 7 wherein.the alkylated phenol
is ‘stabilized ‘by treating it with 0.01% to.abont 1% by
vlvgéghé of orthophosphoric. acid at about 20° C. to about

9. The method of claim 8 wherein the dlkylated phenol
is a product of alkylation of a methyl phenol with an
olefin of 3 to 20 carbon atoms in the presence of sulfuric
acid as catalyst,

10. In the alkylation of paracresol by reaction with an
isobutylating agent in the presence of an alkylation. cata-
lyst wherein 2,6-ditertiarybutyl-4-methyl phenol is pro-
duced, the method for improving the color- and odor-
stability of the 2,6-ditertiarybutyl-4-methyl phenol which
comprises .separating the .2,6-ditertiarybutyl-4-methyl
phenol from .the alkylation mixture and .contacting it for
not substantially more than 3 hours with:0.01% -to.5%
by weight of a polybasic -acid of phosphorus compound
at 'a temperature .of :about.0° C. to 125° C, )

11. The .method . for 1mprov1ng -the color- -and -odor-
stability .of an. aikyl phenol comprising treating said -alkyl
phenol with 0.01% to 5%, based.on the weight of alkyl
phenol, of a polybasic phosphonc acid salt.

12. The method for improving the color- and odor-

stability of an alkyl phenol comprising treating said alky!

phenol -with 0.01% to 5%, based on the weight of alkyl
phenol, of an alkali metal phosphate.

13. The method of claim 12 wherein the alkali metal
phosphate is hexasodium tetraphosphate.

14. The method for improving the color- and odor-
stability of an alkyl phenol comprising treating said alkyl
phenol with 0.01% to 5%, based on the weight of alkyl
phenol, of an ammonium salt of a polybasic phosphoric
acid -ammonium salt.

15. The method of claim 14 wherein the ammonium

-salt is diammonium phosphate.

16. The method for improving the color- and odor-
stability of an alkyl phenol comprising treating said alkyl
pheno!l with 0.01% to 5% based on the weight of alkyl

‘phenol, of a polybasic phosphoric acid salt of an amine

having 1 to 12 carbon atoms per molecule.
17. The method for improving the color- and odor-

stability of an alkyl phenol comprising treating said alkyl

phenol with an ester of an acid of phosphorus having 1
to 20 carbon atoms per molecule, present in an amount
equal to 0.01% to 5% by weight of said alkyl phenol.

18. The method of .claim 17 wherein the ester is a
hydroxy phosphate.,

19. The method of claim .17 -wherein the alkyl phenol
is 2,6-ditertiarybutyl-4-methyl phenol.

20. Crystalline alkyl phenol containing an .effective
amount not .greater than. 0.1% by weight of a_polyfunc-
tional acid of . phosphorus compound. as stabilizer .against
development of color .and odor during storage.

21. Crystalline -alkyl phenol .containing ..an effective
amount not.greater than 0.1% by-weight.of .a phosphoric
acid: as stabilizer -against development .of : color and ;odor
during. storage.

22. -An -alkyl substituted -phenol -containing :between
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about 0.1% and 0.01% by weight of a phosphotic acid
as an inhibitor of color darkening on storage.

23. An alkyl phenol coniaining an effective amount
not greater than 1% by weight of a non-acid polyfunc-
tional acid of phosphorus compound as stabilizer against
development of color and odor during storage.

24. An alkyl phenol containing an effective amount
not greater than 5% by weight of an inorganic salt of a
polybasic acid of phosphorus as stabilizer against de-
velopment of color and odor during storage.

25. Crystalline alkyl phenol having at least four carbon
atoms in the alkyl group containing between about
0.01% and 0.1% by weight of a polyfunctional acid
of phosphorus compound.

26. 2,6-ditertiary-butyl-4-methylpheno!l in admixture
with between about 0.1 and 0.01% by weight of a phos-
phoric acid,

27. Para-tertiary-butyl phenol in admixture with be-
tween about 0.1 and 0.01% by weight of ortho-phosphoric
acid.

28. Method of inhibiting discoloration of an alkyl
phenol on storage in a molten condition, which comprises
incorporating in the alkyl phenol between about 0.1%
and 0.01% by weight thereof of a phosphoric acid.

29. An alkyl substituted phenol containing between
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about 0.1 and about 0.05% by weight of a phosphoric

acid as an inhibitor of color darkening on storage.

30. An alkyl phenol having an alkyl group of at least
4 carbon atoms in admixture with between about 0.1
and about 0.1% by weight of a phosphoric acid.

31. A tertiary-butyl phenol in admixture with between
about 0.01 and about 1% by weight of ortho-phosphoric
acid.

32. Method of inhibiting discoloration of an alkyl
phenol on storage, which comprises incorporating in the
phenol between about 0.01 and about 0.1% by weight
thereof of a phosphoric acid,
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