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ABSTRACT OF THE DISCLOSURE 

Solid polymer stabilized against deterioration due to 
one or both of ultraviolet light or oxidative deterioration 
containing, as an inhibitor against said deterioration, a 
stabilizing concentration of a synergistic mixture of about 
10% to about 90% by weight of a boron ester of N,N— 
dihydrocarbyl-alkanolamine or boron ester of polyalkyl 
or polycyclo - alkylpolyhydroxyalkyl - alkylenepolyamine 
and about 10% to about 90% by weight of an N-hydroxy 
phenyl-benzotriazole. 

CROSS-REFERENCE TO‘ RELATED 
APPLICATIONS 

This is a division of application Ser. No. 710,782 ?led 
Mar. 6, 1968, now Pat. No. 3,518,193 dated June 30‘, 
1970, which is a continuation-in-part of application Ser. 
No. 367,854 ?led May 15, 1964, now Pat. No. 3,382,208 
dated May 7, 1968, and of application Ser. No. 559,410 
?led June 22, 1966, now Pat. No. 3,445,422 dated May 
20, 1969 the latter application being a division of applica 
tion Ser. No. 366,921 ?led May 12, 1964 and now Pat. 
No. 3,301,888 dated Jan. 31, 1967. 

BACKGROUND OF THE INVENTION 

The above mentioned applications for patents disclose 
the use of certain borates as additives to stabilize organic 
substrates which normally undergo deterioration due to 
one or more of ultraviolet light, oxidation and the like. A 
speci?c utility is directed to improving the weathering 
properties of a solid polymer and particularly plastic. 
The borates described above may be used in conjunction ' 
with other additives. 

DESCRIPTION OF THE INVENTION 

The present invention is directed to the stabilization of 
solid polymers against deterioration due to one or both 
of ultraviolet light or oxidation by incorporating therein 
a synergistic mixture of the borate and N-hydroxyphenyl 
benzotriazole as herein set forth. 

In one embodiment the present invention relates to a 
solid polymer stabilized against deterioration due to one 
or both of ultraviolet light or oxidation containing, as an 
inhibitor against said deterioration, a stabilizing concen 
tration of a synergistic mixture of about 10% to about 
90% by weight of a boron ester of N,N-dihydrocar-byl 
alkanolamine or boron ester of polyalkyl- or polycyclo 
alkyl - polyhydroxyalkyl - alkenylenepolyamine and about 
10% to about 90% by weight of an N-hydroxyphenyl 
benzotriazole. 

In a speci?c embodiment of the present invention re 
lates to plastic stabilized against deterioration by means 
of a synergistic mixture of about 10% to about 90% by 
weight of a borate of N,N-dihydrocarbybalkanolamine 
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and about 10% to about 90% by weight of an N-hydroxy 
phenyl-benzotriazole, with or without about 1% to about 
50% by weight of one or more additional antioxidants. 

In another speci?c embodiment the present invention 
relates to a plastic stabilized with a synergistic mixture of 
about 10% to about 90% by weight of a borate of N,N’ 
di-sec-alkyl - N,N' - dihydroxyalkyl-ethylenediamine and 
about 10% to about 90% by weight of an N~hydroxy 
phenyl-benzotriazole, with or Without about 1% to about 
50% by Weight of said mixture of a trialkylphenol. 

In another speci?c embodiment the synergistic mix 
ture also contains 1,1,3-tris-(2-methyl-4-hydroxy-5-tert 
butylphenyl)-butane and dilauryl-thiodipropionate. 
The borate comprising a component of the synergistic 

mixture may be illustrated as a borate of an alkanolamine 
of the following formula: 

where R is hydrocarbyl, R’ is alkylene, R” is alkylene, X 
is hydrocarbyl when m and n are Zero or hydroxyalkyl 
when m is one or more and/or n is one, Y is hydrocarbyl 
when m is one and n is zero or hydroxyalkyl when m is 
more than one and n is one, Z is hydrocarbyl,, m is an 
integer of zero to 4 and n is zero or one. 
Where In and n are zero and X is hydrocarbyl, this 

component of the mixture is a borate of an N,N-dihydro 
carbyl-alkanolamine. In one embodiment the hydrocarbyl 
is alkyl and preferably sec-alkyl containing from 3 to 
about 20 carbon atoms although, when desired, each alkyl 
group may contain up to 50 carbon atoms. Illustrative pre 
terred alkanolamines in this embodiment include 
N,N-di~isopropyl-ethanolamine, 
N,N-di-sec-butyl~ethanolamine, 
N,N-di~sec-pentyl-ethanolamine, 
N,N~di-sec-hexyl-ethanolamine, 
N,N-cli-sec-heptyl-ethanolamine, 
N,N-di-sec-octyl-ethanolamine, 
N,N-di~sec-nonyl-ethanolamine, 
N,N-di~sec-decyl-ethanolamine, 
N,N-di-sec-undecyl-ethanolamine, 
N,N-di-sec~dodecyl~ethanolamine, 
N,N-di-sec-tridecyl-ethanolamine, 
N,N~di-sec-tetradecyl-ethanolamine, 
N,N-di-scc-pentadecyl-ethanolamine, 
N,N-di-sec-hexadecyl-ethanolamine, 
N,N-di-sec-heptadecyl-ethanolamine, 
N,N-di-sec-octadecyl-ethanolamine, 
N,N-di-sec-nonadecyl-ethanolamine, 
N,N-di-sec-eicosyl-ethanolamine, 
etc., and corresponding compounds in which the ethanol 
amine moiety is replaced by propanolamine or butanol 
amine, and when desired, by pentanolamine, hexanol 
amine, heptanolamine, octanolamine, etc. In general, it is 
preferred that the alkyl groups are the same. However, 
when desired, the alkyl groups may be dilferent but both 
of them preferably are of secondary con?guration. 

In another embodiment, the borate of the N,N-dihy 
drocarbyl~all<anolamine is a borate of N,N-dicycloalkyl 
alkanolamine. A particularly preferred alkanolamine in 
this embodiment is N,N-dicyclohexyl~ethanolamine. Other 
compounds include 

N,N-dicyclopropyl-ethanolamine, 
N,N-dicyclobutyl-ethanolamine, 
N,N-dicyclopentyl-ethanolamine, 
N,N-dicycloheptyl-ethanolamine, 
N,N~dicyclooctyl-ethanolamine, 
N,N-dicyclononyl-ethanolamine, 
N,N~dicyclodecyl-ethanolamine, 
N,N-dicycloundecyl-ethanolamine, 
N,N-dicyclododecyl~ethanolarnine, 
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etc., and similarly substituted compounds in which the 
ethanolamine moiety is replaced by an alkanolamine 
group containing from 3 to about 8 carbon atoms. 

In another embodiment the N,N-dihydrocarbyl-alka 
nolamine may contain one sec-alkyl group and one cyclo 
alkyl group as, for example, in compounds as N-iso 
propyl - N - cycloheXyl-ethanolamine, N-sec-butyl-N-cy 
clohexyl-ethanolamine, N - see - pentyl - N - cyclohexyl 

ethanolamine, N - sec - hexyl-N-cyclohexyl-ethanolamine, 
N - sec - heptyl - N - cycloheXyl-ethanolamine, N-sec 

octyl-N-cyclohexyl-ethanolamine, etc., and corresponding 
compounds in which the ethanolamine moiety is replaced 
by an alkanolamine moiety of from 3 to about '8 carbon 
atoms. 
The N,N-dihydrocarbyl-alkanolamine for use in the 

present invention may be obtained from any suitable 
source or may be prepared in any suitable manner. Details 
of the preparation of these compounds are set forth in the 
parent application and are embodied herein as part of 
the present speci?cations. 
Where n and/or m in the above formula are one or 

more, this component of the mixture is a borate of a par 
ticular polyalkyl- or polycycloalkyl polyhydroxyalkyl-al~ 
kylenepolyamine which also may ‘be named as an alka 
nolamine. In this embodiment X is hydroxyalkyl, Y is hy 
drocarbyl when n is zero or hydroxyalkyl when n is one, 
and Z is hydrocarbyl. 

Referring to the above formula, where m is zero and n 
is one, the compound is an N,N’-dialkyl-N-hydroxyalkyl 
aminoalkyl-alkanolamine, which also may be named 
N,N’-dialkyl-N,N'-dihydroxyalkyl - ethylenediamine. The 
alkyl groups preferably are secondary alkyl groups and 
contain from 4 to about 50 carbon atoms each and more 
particularly from 4 to 20 carbon atoms each. Illustrative 
preferred compounds in this embodiment include 

N, N-di-sec-butyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-pentyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-hexyl~N-hydroxyethyl-arninoethyl 
ethanolamine, 

N,N'-di-sec-heptyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-octyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-nonyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec~decyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-undecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec~dodecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-tridecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-tetradecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-pentadecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-hexadecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N'-di-sec-heptadecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-octadecyl-N-hydroxyethyl-aminoethyl 
ethanolamine, 

N,N’-di-sec-nonadecyl-N-hydroxyethyl—aminoethyl 
ethanolamine, 

N,N'-di-sec-eicosyl~N-hydroxyethyl-aminoethyl 
ethanolamine, etc. 

The above compounds are illustrative of compounds in 
which R’ and R" each contain two carbon atoms. It is 
understood that corresponding compounds are included in 
which one or both of the groups containing two carbon 
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atoms are replaced by a group containing 3, 4, 5 or 6 
carbon atoms. 

Referring again to the above formula, where m and 
n are one, the compounds for use in preparing the borate 
named N,N - bis-[N-alkyl-N-(hydroxyalkyD-aminoalkyl 
alkanolamine which can also be named N1,N3-dialkyl 
N1,N2,N3-tri-(hydroxyalkyl)-diethylenetriamine. -It will be 
noted that each terminal nitrogen contains an alkyl group 
and each nitrogen atom contains a hydroxyalkyl group 
attached thereto. Illustrative preferred compounds in this 
embodiment include 

N,N-bis [N-sec-butyl-N- (Z-hydroxyethyl) -aminoethyl] - 
ethanolamine, 

N,N-bis [N-sec-pentyl-N- ( Z-hydroxyethyl) ~aminoethyl 
ethanolamine, 

N,N-bis [N-sec-hexyl-N- ( Z-hydroxyethyl ) -aminoethy1] - 
ethanolamine, 

N,N-bis- [N-sec-heptyl-N- ( Z-hydroxyethyl -aminoethy1 
ethanolamine, 

N,N-bis [N-sec-octyl-N- ( 2-hydroxyethyl) -aminoethy1] - 
ethanolamine, 

N,N-bis- [N-sec-nonyl-N- ( 2-hydroxyethyl) -aminoethyl] - 
ethanolamine, 

N,N-bis- [N-sec-nonyl-N- (Z-hydroxyethyl) -aminoethyl] - 
ethanolamine, 

N,N-bis- [ N-sec-tridecyl-N- (2-hydroxyethyl) -amino 
ethyl] -ethanolamine, 

N,N-bis- [N-sec-dodecyl-N- (Z-hydroxyethyl ) -amino 
ethyl] -ethanolamine 

N,N-bis- [N-sec-tridecyl-N- (2-hydroxyethyl ) -amino 
ethyl] -ethanolamine, 

N,N-bis- [N-sec-tetradecyl-N- ( 2-hydroxyethy1) amino 
ethanolamine, 

N,N-bis~ [N-sec-pentadecyl-N- ( 2-hydroxyethyl ) -amino 
ethyl] -ethanolamine, 

N,N-bis [-heXadecyl-N- (Z-hydroxyethyl) -aminoethyl] - 
ethanolamine, 

N,N-bis- [N-sec-heptadecyl-N- ( Z-hydroxyethyl ) -amino 
ethyl] -ethanolamine, 

N,N-bis- [N-sec-octadecyl-N- (Z-hydroxyethyl ) -amino 
ethyl] -ethanolamine, 

N,N-bis- [N-sec-nonadecyl-N- (Z-hydroxyethyl) ~amino 
ethyl] -ethanolamine, 

N,N-bis- [N-sec-eicosyl-N- ( Z-hydroxyethyl) -amino 
ethy1]-ethanolamine, etc. 

Here again, one or both of the groups containing two 
carbon atoms may be replaced by a group containing 3, 
4, 5, or 6 carbon atoms. 
Where m is two and n is one, the compound is an 

N1,N4-dialkyl-N1,NL’,N3,N4-tetrahydroxya1kyl - alkylene 
polyamine. Illustrative compounds in this embodiment in 
clude 

N1,N4-di-sec-butyl-Nl,N2,N3,N4-tetra~ (Z-hydroxyethyl ) - 
triethylenetetramine, 

N1,N4-di-sec-penty1-N1,N2,N3,N4-tetra- (Z-hydroxyethyl ) — 
triethylenetetramine, 

N1,N4-di-sec-hexy1-'N1,N2,N3,N4-tetra-(2-hydroxyethyl) 
triethylenetetramine,, 

N1,N4-di-sec-heptyl~N1'N2,N3,N4-tetra ( 2-hydroxyethy1) ~ 
triethylenetetramine, 

N1,N‘t-di-sec-octy1-N1,N2,N3,N4-tetra—(2-hydroxyethyl) 
triethylenetetramine, 

N1,N4-di-sec-nonyl-N1,N2,N3,N4-tetra- (2-hydroxyethyl ) - 
triethylenetetramine, 

N1,N4-di-sec-decy1-N1,N2,N3,N4-tetra- (Z-hydroxyethyl) - 
triethylenetetramine, 

N1,N4-di-sec-undecyl-N1,N2,N3,N4-tetra-(2-hydroxy 
ethyl) -triethylenetetramine, 

N1,N4-di-se c-dodecyl-N1,N2,N3,N4-tetra- ( Z-hydroxy 
ethyl)-triethylenetetramine, . 

N1,N4-di-sec-tridecyl-N1,N2,N3,N4-tetra- (Z-hydroxy 
ethyl) -triethylenetetramine, 

N1,N4-di-sec-tetradecyl-N1,N2,N3,N4-tetra- (Z-hydroxy 
ethyl ) -triethylenetetramine, 
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N1,N4-di-sec-pentadecyl-N1,N2,N3,N4-tetra-(Z-hydroxy 

ethyl) -triethylenetetramine, 
N1,N4-di-sec-heXadecyl-N1,NZ,N3,N4-tetra-(Z-hydroxy 

ethyl)-triethylenetetramine, 
N1,N‘i-di-sec-heptadecyl-N1,N2,N3,N4-tetra-(Z-hydroxy 

ethyl) -triethylenetetramine, 
N1,N4-di~sec-octadecyl-N1,N2,N3,N4-tetra~(Z-hydroxy 

ethyl)-triethylenetetramine, 
N1,N4-di-sec-nonadecyl-N1,N2,N3,N4-tetra—(Z-hydroxy 

ethyl)-triethylenetetramine, 
N1,N4-di-sec-eicosyl-N1,N2,N3,N4-tetra-(Z-hydroxy 

ethyl)-triethylenetetramine, etc. 
Here again, it is understood that one or both of the 

groups containing two carbon atoms may be replaced by 
a group containing 3, 4, 5 or 6 carbon atoms. 

Referring again to the above formula, Where m is 3 
and n is l, the compound will be N1, N5-dialkyl 
N1,N2,N3,N4,N5-‘penta—(hydroxyalkyl)-alkylenepolyarnine. 
Illustrative preferred compounds in this embodiment in 
clude 

N1,Ns-di-sec-butyl-N1,N2,N3,N‘1,N5-penta~ (2-hydroxy 
ethyl ) -tetraethylenepentamine, 

N1,N5-di-sec-pentyl-N1,N2,N3,N4,N5-penta- (Z-hydroxy 
ethyl ) -tetraethylenepentamine, 

N1,N5-di-sec-hexyl-N1,N2,N3,N‘1,N5-penta-(Z-hydroxy 
ethyl) -tetraethylenepentamine, 

N1,N5-di-sec-heptyl-N1,N2,N3,N4,N5-penta- (hydroxy 
ethyl) -tetraethylenepentamine, 

N1,N5-di-sec-octyl-N1,N2,N3,N4,N5-penta- ( Z-hydroxy 
ethyl ) -tetraethylenepentarnine, 

N1,N5-di~sec-nonyl-N1,N2,N3,N4,N5-penta- (2-hydroxy 
ethyl) tetraethylenepentamine, 

N1,N5-di-sec~decyl-N1,N2,N3,N4,N5~penta- (2-hydroXy 
ethyl) -tetraethy1enepentamine, 

N1,N5-di-sec-undecyl-Nl,N2,N3,N4,N5~penta- Z-hydroxy 
ethyl ) -tetraethylenepentamine, 

N1,N5-di-sec~dodecyl-N1,N2,N3,N4,N5-penta— (2-hydroxy 
ethyl ) -tetraethylenepentamine, 

N1,N5-di-sec-tridecyl-N1,N2,N3,N4,N5-penta- (2~hydroxy 
ethyl) -tetraethylenepentamine, 

N1,N5-di-sec-tetradecyl-N1,N2,N3,N4,N5-penta~ (Z-hydroxy 
ethyl) -tetraethylenepentamine, 

N1,N5-di~sec-pentadecyl-N1,N2,N3,N4,N5-penta- ( 2-hy 
droxyethyl ) -tetraethylenepentamine, 

N1,N5-di-sec-hexadecyl-N1,N2,N3,N4,N5-penta- (Z-hy 
droxyethyl ) ~tetraethylenep entamine, 

N1,N5-di~sec-heptadecyl-N1,N2,N3,N4,N5-penta- (2-hy 
droxyethyl ) -tetraethylenepentamine, 

N1,N5-di-sec—octadecyl-N1,N2,N3,N4,N5-penta- (Z-hy 
droxyethyl ) -tetraethylenepentamine, 

N1,N5-di~sec-nonadecyl-N1,N2,N3,N4,N5-penta- (2-hy~ 
droxyethyl) -tetraethylenepentamine, 

N1,N5-di-sec-eicosy1-N1,N2,N3,N4,N5-penta—(2-hydroxy 
ethyl)-tetraethylenepentamine, etc. 

Here again, it is understood that one or both of the 
groups containing two carbon atoms may be replaced by a 
group containing 3, 4, 5 or 6 carbon atoms. 

Referring again to the above formula, where m is 4 
and n is 1, the compound will be N1,N6-dialkyl 
N1,N2,N3,N4,N5,N6 - hexa - hydroxyalkyl)-pentaethylene 
hexamine. Illustrative preferred compounds in this em~ 
bodiment include 

N1,N6~di-sec-butyl~N1,N2,N3,N4,N5,NG-heXa- (Z-hydroxy 
ethyl)-pentaethylenehexamine, 

N1,Ns-di-sec-pentyl-N1,N2,N3,N4,N5,N6-heXa- (2-hydroxy 
ethyl ) -pentaethylenehexamine, 

N1,N6-di-sec-heXyl-N1,N2,N3,N4,N5,N6-heXa-(2-hydroxy 
ethyl ) -pentaethylenehexamine, 

N1,N?-di-sec-heptyl-N1,N2,N3,N4,N5,N6-hexa- (Z-hydroxy 
ethyl) -pentaethylenehexamine, 

N1,Ns-di-sec-octyl-N1,N2,N3,N4,N5,Ne-hexa- (Z-hydroxy 
ethyl) ~pentaethylenehexamine, 

N1,N6-di-sec-nony1-N1,N2,N3,N4,N5,N6-hexa~(Z-hydroxy 
ethyl) -pentaethylenehexamine, 
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N1,N6-di-sec-decyl-N1,N2,N3,N4,N5,N6-heXa- (Z-hydroxy 

ethyl) -pentaethylenehexamine, 
N1,N5-di-sec-undecyl-N1,N2,N3,N4,N5,N6-heXa- (Z-hy 

droxyethyl ) -pentaethylenehexamine, 
N1,N6-di-sec-dodecyl~N1,N2,N3,N4,N5,N6-hexa- (2-hy 

droxyethyl ) -pentaethylenehexamine, 
N1,N?-di-sec-tridecyl-Nl,N2,N3,N4,N5,N6-hexa- ( 2~hy 

droxyethyl ) ~pentaethylenehexamine, 
N1,N‘i-di-sec-tetradecyl-Nl,N2,N3,N4,N5,N6-heXa- (Z-hy 

droxyethyl ) -pentaethylenehexamine, 
N1,NG-di-sec-pentadecyl-N1,N2,N3,N4,N5,N6-hexa- ( 2-hy 

droxyethyl ) -pentaethylenehexaniine, 
N1,N6-di-sec-heXadecyl-N1,N2,N3,N4,N5,N6-hexa- (2-hy 

droxyethyl ) -pentaethylenehexamine, 
N1,NG-di-sec-heptadecyl-N1,N2,N3,N4,N5,N6-heXa- ( 2-hy 

droxyethyl) -pentaethylenehexamine, 
N1,N?-di-sec-octadecyl-N1,N2,N3,N4,N5,Ne-hexa- (Z-hy 

droxyethyl-pentaethylenehexamine, 
N1,Ns-di-sec-nonadecyl-N1,N2,iN3,N4,N5,N6-hexa- ( 2-hy 

droxyethyl ) -pentaethylenehexarnine, 
N1,N6-di~sec-eicosyl-N1,N2,N3,N4,N5,N6-hexa ( Z-hydroxy 

ethyl)-pentaethylenehexamine, etc. 

Here again, it is understood that one or both of the 
groups containing two carbon atoms may be replaced by 
a group containing 3, 4, 5 or 6 carbon atoms. 
As hereinbefore set forth, in a preferred embodiment 

the alkyl groups attached to the terminal nitrogen atoms 
are secondary alkyl groups. In another embodiment, these 
groups may be cycloalkyl groups .and particularly cyclo 
hexyl, alkylcyclohexyl, dialkylcyclohexyl, etc., although 
they may comprise cyclobutyl, cyclopentyl, cycloheptyl, 
cyclooctyl, etc., and alkylated derivatives thereof. The 
cycloalkyl groups may be considered as corresponding to 
secondary alkyl groups. The secondary alkyl con?gura 
tion is de?nitely preferred although, when desired, the 
alkyl groups attached to the terminal nitrogen atoms may 
be normal alkyl groups but not necessarily with equiva 
lent results. 
The polyalkyl-polyhydroxyalkyl-alkylenepolyamines for 

use in preparing the borate may be‘ obtained from any 
suitable source or prepared in any suitable manner. Here 
again the parent application describes the preparation of 
these compounds and such preparations are embodied 
herein as part of the present speci?cations. 

In another embodiment, an alcohol, including aliphatic 
or aromatic alcohol, or mercaptan, including aliphatic 
or aromatic mercaptan, is included in the reaction charge 
to satisfy one or two of the valences of the boron. When 
used, the alcohol or mercaptan generally is employed 
in an amount of from about 0.5 %to about 2 mole pro 
portions thereof per one mole proportion of the alkanol 
amine or polyalkylpolyhydroXyalkyl-alkylenepolyamine. 
Preferred aliphatic alcohols include methanol, ethanol, 
isopropanol, butanol, pentanol, hexanol, heptanol, octa 
nol, decanol, undecanol, dodecanol, tridecanol, tetra 
decanol, pentadecanol, hexadecanol, heptadecanol, octa 
decanol, nonadecanol, eicosanol, etc. Preferred aromatic 
alcohols include phenol, cresol, xylenol, catechol, alkyl 
catechol, etc., or these having alkoxy or halo substituents. 
Preferred mercaptans include butyl mercaptan, pentyl 
mercaptan, hexyl mercaptan, heptyl mercaptan, octyl mer 
captan, nonyl mercaptan, decyl mercaptan, undecyl mer 
captan, .dodecyl mercaptan, etc., and thiophenol, thio~ 
cresol, thioxylenol, etc. 
The borate for use in the present invention is pre 

pared in any suitable manner and generally by reacting 
the alkanolamine or polyalkylpolyhydroxyalkylalkylene 
polyamine with a suitable borating agent in the pres 
ence of a solvent at a temperature of from about 60° 
to about 100° C. or up to about 200° C. Here again, the 
details of the reaction and the discussion of the borylat 
ing agents are disclosed in the parent applications and 
embodied herein as part of the present speci?cations. 
The exact structure of the borated product will vary 

with the particular alkanolamine and borylating agent 
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employed, as well as with the proportions of the reactants 
and, when used, the extraneous alcohol or mercaptan. For 
example, when reacting three mole proportions of N,N 
dicyclohexyl-ethanolamine with one mole proportion of 
boric acid, it is believed that the triester is formed in 
which all valences of the boron are satis?ed by the N,N 
dicyclohexylaminoethoxy radical formed by the liberation 
of water. When equal mole proportions of N,N-dicyclo 
hexyl-ethanolamine and boric acid are reacted at a higher 
temperature, the meta-borate or its trimer (boroxine) is 
formed. When the reaction is effected using an extraneous 
alcohol or mercaptan in addition to the alkanolamine, the 
resulting borate will be ‘a mixed borate in which one or 
two of the valences of the boron are satis?ed by the alka 
nolamine and the remaining valence or valences of the 
boron are satis?ed by the alcohol, mercaptan, phenol or 
catechol derivative. When employing a trialkylborate as 
the borylating agent, either complete or partial transesteri 
?cation occurs depending upon the proportions of react 
ants and conditions of operation. 

Similarly, when the polyalkyl-polyhydroxyalkylalkyl 
enepolyamine is a polyalkyl-polyhydroxyalkyl-ethylenedi 
amine, probable compounds may include one or more of 
the following as monomer or as recurring units: 

1 U R R (I) 

(2) a cyclic con?guration in which each of the oxygens of 
the hydroxyl group are attached to a boron atom and the 
third valence is otherwise satis?ed, (3) a polycyclic struc 
ture similar to that described in (2) joined by the 
—B—O—B— linkage, (4) compound in which each of 
the hydrogens of the hydroxyl groups are replaced with a 

I 
O 

(5) compounds having boroxine con?guration and ('6) 
metaborates. 
From the above discussion, it will be seen that the exact 

structure of the borate may vary and also that the prod 
uct may consist of a mixture of compounds. Accordingly, 
this component of the synergistic mixture of the present 
invention is being claimed generically by its method of 
manufacture. It is understood that the different borated 
compound meeting the requirements as hereinbefore set 
forth may be used for the purposes of the present inven 
tion, but that these different compounds are not necessari 
ly equivalent in their effectiveness in the same or different 
substrate. 

Reference to borate ‘in the present speci?cation and 
claims is intended as generic to include boron esters or 
more speci?cally boron acid esters. This appears to be the 
present practice in the industry and literature. For exam 
ple, alkyl boric acid or alkyl borate is used to describe 

_ a compound of the formula 

where R and R' are alkyl. More accurately, these should 
be named as alkyl boronic'acid or as a boronate. Similar 
ly, compounds of the formula HO—-B—R2 or 

should be named as borinic acid or borinate. It is under 
stood that “borate” as used in the present speci?cations 
includes the boronates and borinates, as well as the bo 
rates, the latter having the formula (R’O)3~—-B where one 
or more of R’ are derived from the alkanol amine herein 
set forth. 
The second compound of the synergistic mixture of the 

present invention is an N-hydroxyphenyl-benzotriazole. 

10 

20 

30 

40 

55 

60 

65 

8 
The N-hydroxyphenyl-benzotriazole may be illustrated by 
the following general formula: 

where R and R’ are independently selected from hydrogen, 
alkyl of from 1 to 20 carbon atoms and alkoxy of from 
1 to 20 carbon atoms. 
Where R is alkyl and R’ is hydrogen, illustrative com 

pounds include 2-(2’-hydroxy-5'-methylphenyl)-benzotri 
azole and corresponding compounds in which the methyl 
group is replaced by ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl, decyl- undecyl, dodecyl, tridecyl, 
tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, 
nonadecyl, and eicosyl. Additional examples of speci?c 
compounds include 2-(2’-hydroxy-5’-octylphenyl)-benzo 
triazole and 2 - (2’-hydroxy-5’-dodecylphenyl)-benzotri 
azole. Other illustrative compounds include 2 - (2'-hy— 
droxy-4’-methylphenyl)-benzotriazole and corresponding 
compounds in which the methyl group is replaced by an 
alkyl group of from 2 to 20 carbon atoms. Other com 
pounds include those in which the alkyl group is in the 
3’ or 6’ position. 
Where both R and R’ are alkyl, illustrative compounds 

include 2 - (2’ - hydroxy - 3' - 5’ - dimethylphenyl) 

benzotriazole and corresponding compounds in which one 
or both of the alkyl groups are replaced by alkyl groups 
containing from 2 to 20 carbon atoms. Here again it 
is understood that the alkyl groups may be in the posi 
tions 3’, 4’; 3’, 6'; 4’, 5' or 4',6'. 
Where R is alkoxy and R’ is hydrogen, illustrative 

compounds include 2 - (2’ - hydroxy - 4' - methoxy 

phenyl) - benzotriazole and corresponding compounds 
in which the methoxy group is replaced by an alkoxy 
group containing from 2 to 20 carbon atoms. Additional 
examples of speci?c compounds includes 2-(2’-hydroxy 
5’ - octoxyphenyl) - benzotriazole and 2 - (2' - hydroxy 

5’ - dodecoxyphenyl) - benzotriazole. Here again, the 
alkoxy group may be in the 3', 5’ or 6' position. 
Where R is alkyl and R’ is alkoxy, illustrative com 

pounds include 

2- ( 2'-hydroxy-3’-methoxy-4’-methylphenyl ) - 
benzotriazole, 

2- ( 2’-hydroxy-3 ’-methoxy-4’-ethylphenyl) - 
benzotriazole, 

2- ( 2’-hydroxy-3’-methoxy~4'-propylphenyl) - 
benzotriazole, 

2- (2’-hydroxy-3 ’-methoxy-4'-tert-butylphenyl ) - 
benzo triazole, 

2- (2’-hydroxy-3 '-methoxy-4’-tert-pentylphenyl) - 
benzotriazole, 

2- (2’-hydroxy-3 ’-methoxy-4’-ter t-hexylphenyl) - 
benzotriazole, 

2- ( 2’-hydroxy-3 ’-metboxy-4'-tert-heptylphenyl ) - 
‘benzotriazole, 

2- (2'-hydroxy-3'-methoxy-4’-tert-octylphenyl) - 

benzotriazole, 
2- (2’-hydroxy-3’-methoxy-4'-tert-nonylphenyl) - 

benzotriazole, 
2- ( 2_'-hydroxy-3 '-methoxy-4’-tert-decylphenyl ) - 

benzotriazole, 
2- (2’-hydroxy-3 ’-me thoxy-4'-tert-undecylphenyl) 

benzotriazole, 
2- ( 2’-hydroxy-3'-methoxy-4'-tert-dodecylphenyl ) - 

benzotriazole, 
corresponding compounds in which the methoxy is re 
placed by alkoxy containing 2 to 20 carbon atoms, cor 
responding compounds in which the tert-alkyl groups 
are normal alkyl or secondary alkyl, corresponding com 
pounds in which the alkyl and alkoxy groups, respec 
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tively, are in the positions 3’, 5'; 3', 6'; 4’, 5'; 4', 6'; 
4’, 3'; 5’, 3'; 5', 4’; 6’, 3'; 6', 4'; or 6', 5’. 

‘From the above description, it will be seen that various 
N-hydroxyphenyl-benzotriazoles may be used in the syn 
ergistic mixture of the present invention. The N-hydroxy 
phenyl-benzotriazoles generally are available in the open 
market or may be prepared by conventional means. It 
is understood that the different N-hydroxyphenyl-benzo 
triazoles are not necessarily equivalent in their effective 
ness in the mixture of the present invention. 
As hereinbefore set forth, the synergistic mixture of 

the present invention also may contain one or more addi 
tional antioxidants and more particularly at least one 
phenolic antioxidant. In one embodiment, the additional 
antioxidant is a trialkylphenol. A particularly preferred 
trialkylphenol is 2,6-di-tert-butyl-4-methylphenol. Other 
trialkylphenols include 
2,6-di-isopropyl-4-methylphenol, 
2,6-diamyl-4-methylphenol, 
2,6-dihexyl-4-methylphenol, 
2,6-diheptyl-4-methylphenol, 
2,6-dioctyl-4-methylphenol, 
2,6-dinonyl-4-methylphenol, 
2,6'didecyl-4-methylphenol, 
2,6-diundecyl-4-alkylphenol, 
2,6-didodecyl-4-alkylphenol, 
2,6~ditridecyl-4-alkylphenol, 
2,6-ditetradecyl-4-alkylphenol, 
2,6-dipentadecyl-4-alkylphenol, 
2,6-dihexadecyl-4-alkylphenol, 
2,6-diheptadecyl-4-alkylphenol, 
2,6-dioctadecyl-4-alkylphenol, etc., 
2,4-dimethyl-6-isopropy1phenol, 
2,4-dimethyl-6-tert-butylphenol, 
2,4—dimethyl-6-pentylphenol, 
2,4-dimethyl-?-hexylphenol, 
2,4-dimethyl-6-heptylphenol, 
2,4-dimethyl-6-octylphenol, 
2,4-dimethyl-6~nonylphenol, 
2,4-dimethyl-G-decylphenol, etc., . 
2,6-diethyl-4-alkylphenol, 
2,6-dipropyl-4-alkylphenol, 
2,6-dibutyl-4-alkylphenol, 
2,6-diamyl-4-alkylphenol, 
2,6-dihexyl-4-alkylphenol, etc., 
in which the alkyl contains from 1 to 20 or more carbon 
atoms. In one embodiment, the trialkylphenol will con 
tain one or two alkyl groups containg four or less carbon 
atoms and one or two alkyl groups containing four or 
more carbon atoms, the latter preferably being of ter 
tiary con?guration. These trialkylphenols may be ob 
tained in the open market or prepared in any suitable 
manner. Here again, it is understood that the different 
trialkylphenols are not necessarily equivalent in their use 
in the antioxidant mixture of the present invention. 

In another embodiment, the additional antioxidant is 
1,1,3 - tris - (2 ~ methyl - 4 - hydroxy - 5 - tert - butyl 

phenyl)-butane. This material is available commercially 
under the tradename of “Topanol CA.” Other related 
antioxidant compounds may be used and includes, for 
example, those in which the methyl group is replaced by 
hydrogen or alkyl of 2 to 6 carbon atoms and/0r those 
in which the tert-butyl group is replaced by tert-pentyl, 
tert-hexyl, tert-heptyl, tert-octyl, tert-nonyl, tert-decyl 
and/or related compounds in which the butane moiety 
is replaced by pentane, hexane, heptane, octane, nonane, 
decane, etc. In another embodiment, this component of 
the mixture is 2,4 - bis - (3,5 - di - tert - butyl - 4 - hy 

droxyphenyl)~butane. Here again, it is understood that 
the tert-butyl and/or butane moiety may be replaced by 
other alkyl groups. These compounds may be obtained 
in the open market or prepared in any suitable manner. 

In another embodiment, the additional antioxidant is 
dilauryl-thiodipropionate. This compound is available 
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commercially or may be prepared in any suitable man 
ner. It is understood that other satisfactory antioxidants 
may be used and these include, for example, dicapryl 
thiodipropionate, dimyristyl-thiodipropionate, dipalrnityl 
thiodipropionate, distearyl-thiodiproponate, etc. Still other 
antioxidants include dilauryl~beta-mercapto-dithiopro 
pionate, distearyl-beta-mercapto-dithiopropionate, and 
other beta-mercapto-dithiopropionates. 

In a particularly preferred embodiment the additional 
antioxidant comprises both the 1,l,3-tris-(2-methyl~4 
hydroxy-S-tert-butylphenyl)-butane and dilauryl-thiodi 
propionate. Here again it is understood that a mixture 
of the corresponding compounds hereinbefore set forth 
may be used. 

In still another embodiment one or more additional 
additives may be included in the synergistic mixture or 
used in conjunction With the synergistic mixture. The use 
of such additional additives generally will depend upon 
the particular substrate being stabilized. For example, in 
lubricating oil the additional additives may comprise one 
or more of viscosity index improver, pour point depres 
sant, detergent, corrosion inhibitor, additional antioxi 
dant, etc. Such additional additives may be one or more 
of 2 - tert - butyl - 4 - methoxyphenol, 2 - tert - butyl - 4 

ethoxyphenol, 3,3',5,5', - tetra - tert - butyl - diphenyl 

methane, etc. In plastics, other additives include phenyl 
alpha-naphthylamine, phenyl-beta-naphthylamine, pheno 
thiazine, diphenyl~p-phenylenedia:rnine, 2,2’-methylene 
bis-(4-methyl-6-tert-butylphenol), 2,2’ - methylene-bis 
(4-ethyl-6~tert-butylphenol), 4,4’ - thio-bis-(6-tert-butyl 
o-cresol), 2,6-bis-(2’-hydroxy - 3'- tert - butyl - 5'-methyl 
benzyl)-4—methylphenol, p-octylphenyl salicylate, nickel 
bis-dithiocarbamate. Still other additives include various 
Irganoxes, such as 569, 1093, 1076, 858, etc., various 
Ionoxes such as 1,3,5-trimethyl - 2,4,6 - tris-(3,5~di-tert 
butyl-4-hydroxybenzyl)-ben2ene, etc., various Plastanoxes 
such as 2,6-bis-(2’~hydroxy - 3' - tert-butyl - 5' - methyl 

benzyl) -4-methylphenol, various phosgenealkylphenol 
reaction products, various alkoxyalkyldihydroxybenzo 
phenones, polyalkyldihydroxybenzophenones, tetrahy 
droxybenzophenones, 2,4,5 - trihydroxybutyrophenone, 
2,4 - dibenzoylresorcinol and especially such hydroxy 
benzophenones as 2,2’ - dihydroxy - 4 ~ octoxybenzo 
phenone, 2,2’ - dihydroxy - 4 - decoxybenzophenone, 2,2’ 
dihydroxy - 4 - dodecoxybenzophenone, 2,2’ - dihydroxy 
4 - octadecoxybenzophenone, 2 - hydroxy — 4’ — octoxy 

benzophenone, 2 - hydroxy - 4' - decoxybenzophenone, 
2 ~ hydroxy - 4’ - dodecoxybenzophenone, 5 - chloro - 2 

hydroxybenzophenone, 2 - hydroxy - 4 - methoxy - 2’ 

carboxybenzophenone, 2 - hydroxy - 4 - methoxy - 5 

sulfobenzophenone, etc., and in general any alkyl, alkoxy 
or cycloalkoxy substituted 2 - hydroxybenzophenone. 
The synergistic mixture will comprise from about 10% 

to about 90% by Weight of the borate of the alkanolamine 
or of the polyalkylpolyhydroxyalkyl - alkylenepolyamine 
and from about 10% to about 90% ‘by Weight of the N 
hydroxyphenyl~benzotriazole. In a particularly preferred 
embodiment the borate will comprise from about 50% 
to about 90% by weight and the N-hydroxyphenyl-benzo 
triazole will comprise from about 10% to about 50% 
by Weight of the mixture. When employed, the additional 
antioxidant or antioxidants will ‘be used in a total con~ 
centration of from about 1% to about 50% by weight 
of the synergistic mixture of borate and N-hydroxyphenyl 
benzotriazole. 
The synergistic mixture will be used in a stabilizing 

concentration and in general will be within the range of 
from about 0.001% to about 10% and more particularly 
from about 0.01% to about 2% by Weight of the sub 
strate. 

In accordance with the present invention, the syner 
gistic mixture is used as an additive to retard both ultra 
violet light and oxidative deterioration. In one embodi 
ment, this mixture is used in solid polymers including 
plastics and resins. Illustrative plastics include polyole?ns 
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and particularly polyethylene, polypropylene, polybutyl 
ene, mixed ethylene propylene, mixed ethylene butylene 
polymers, mixed propylene butylene polymers, mixed 
styrene ethylene polymers, mixed styrene propylene poly 
vmers, etc. The solid ole?n polymers are used in many 
applications including insulation, light weight outdoor 
furniture, awnings, cover for greenhouses, etc. 

In another embodiment, the polymers include those 
prepared from diole?nic monomers as, for example, 
polybutadiene, or those in which the diole?n or diole?ns 
are reacted with monoole?n or monoole?ns, including 
ABS (acrylonitrile-butadiene-styrene polymers). 

Another plastic being used commercially on a large 
scale is polystyrene. The polystyrenes are particularly 
useful in the manufacture of molded or machined articles 
which ?nd application in such goods as windows, optical 
goods, automobile panels, molded household articles, etc. 
Another class of plastics available commercially is 

broadly classed as vinyl resins and is derived from mono 
mers such as vinyl acetate, vinylbutyrate, etc. Other 
vinyl type resins include polyvinyl alcohol and copoly 
mers, copolymers of vinyl chloride with acrylonitrile, 
methacrylonitrile, alkyl acrylates, alkyl methacrylates, 
alkyl 'rnaleates, alkyl fumarates, polyvinyl butyral, etc., 
or mixtures thereof. 

Other plastics being used commercially on a large 
scale are in the textile class and include nylon (poly 
amide), Perlon L or 6-nylon (polyamide), Dacron( ter 
ephthalic acid and ethylene glycol), Orlon (polyacryloni 
trile), Dynel (copolymer of acrylonitrile and vinyl chlo_ 
ride), Acrilan (polyacrylonitrile modi?ed with vinyl ace 
tate), rayon, etc. 

Still other plastics are preferred from other monomers 
and are available commercially. Illustrative examples of 
such other solid polymers include polycarbonates, phenol 
formaldehyde resins, urea-formaldehyde resins, mel 
amine-formaldehyde resins, acryloid plastics which are 
derived from methyl, ethyl and higher alkyl acrylates and 
methacrylates as monomers used in the polymerization. 
Other polymers include polyacetals, especially poly 
tformaldehydes such as “Delrin” and “Celcon.” Still other 
substrates include vinyl, acrylic, nitrocellulose based 
coatings; especially cellulose acetate, cellulose acetate 
butyrate, ethyl cellulose, etc. Still other substrates are 
polyesters, including linear or cross-linked, reinforced 
polyesters, laminate polyesters, etc., polyurethane resins, 
epoxy resins, various latices, lacquers, alkyds, varnishes, 
polishes, stains, pigments, dyes, textile ?nishing formula 
tions, etc. 

It is understood that the plastic or resin may be fabri 
cated into any desired ?nished product including moldings, 
castings, ?bers, ?lms, sheets, rods, tubing, foams or other 
shapes. 
Another organic substrate which undergoes deteriora 

tion due to oxidation and/or weathering is rubber. Rub 
ber is composed of polymers of conjugated 1,3-dienes, 
either as polymers thereof or as copolymers thereof with 
other polymerizable compounds, and may be synthetical 
ly prepared or of natural origin. Synthetic rubbers in 
clude SBR rubber (copolymer of butadiene and styrene), 
EPR rubber (terpolymer of ethylene, propylene and a 
diene), buna A (copolymer of butadiene and acryloni 
trile), butyl rubber (copolymer of butadiene and isobutyl 
ene, Thiokol rubber (polysul?de), silicone rubber, etc. 
Natural rubbers include hevea rubber, cautchouc, balata, 
gutta percha, etc. 

Still other organic substrates which undergo deteriora 
tion due to oxidation and/or weathering include paints, 
varnishes, drying oils, pigments, rust preventative coat 
ings, other protective coatings, etc. 
The components of the antioxidant mixture of the pres 

ent invention may be added separately to the organic 
substrate to be stabilized, preferably with intimate mixing 
in order to obtain uniform distribution throughout the 
substrate. Preferably, the synergistic mixture is ?rst 
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formed by commingling the components, with or without 
other additives, and then adding the mixture of the sub 
strate to be stabilized. When desired, the mixture or the 
individual components may be utilized as such or prepared 
as a solution in a suitable solvent. 
The following examples are introduced to illustrate fur 

ther the novelty and utility of the present invention but 
not with the intention of unduly limiting the same. 

EXAMPLE I 

The borate of N,N-dicyclohexyl-ethanolamine was pre— 
pared by the reaction of 3 mole proportions of N,N-di 
cyclohexyl-ethanolamine with 1 mole proportion of boric 
acid. Speci?cally 68.4 g. (0.3 mole) of N,N-dicyclohexyl 
ethanolamine and 6.18 g. (0.1 mole) of boric acid were 
re?uxed in the presence of 10 0g. of benzene at a tempera 
ture of about 85° C. The heating and re?uxing was con 
tinued until a total of 5 cc. of water was collected. Fol~ 
lowing completion of the reaction, the benzene was re 
moved by vacuum distillation at a temperature of about 

7 170° C. at 0.4 mm. Hg. The product was recovered as a 
liquid, having a basic nitrogen content of 4.29 meq./g., 
an acid value of 0.008 meq./g. and a boron content of 
1.42% by weight. This corresponds to the theoretical bo 
ron content of 1.58% by weight for the compound tris 
(N,N-dicyclohexyl-aminoethoxy) borate having the for 

A synergistic mixture is prepared by commingling 100 
pounds of the borate prepared in the above manner with 
100 pounds of 2-(2'-hydroxy-5’-methylphenyl)-benzotri 
azole, the latter being commercially available as “Tinuvin 
Pl!’ 

EXAMPLE II‘ 
Another synergistic mixture is prepared by commin 

gling 20 pounds of 2,6-di-tert-butyl-4-methylphenol with 
the mlxture prepared in accordance with Example I. 

EXAMPLE III 

Another synergistic mixture is prepared by commin 
gling 100 pounds of the borate of N,N-dicyclohexyl-eth 
anolamine prepared as described in Example I, 100 pounds 
of “Tinuvin P,” 80 pounds of 1,1,3-tris-(2-methyl-4-hy 
droxy-S-tert-butylphenyl)-butane, available commercial 
ly as “Topanol CA,” and 160 pounds of dilauryl-thiodi 
propionate. 

EXAMPLE IV 

Another synergistic mixture is prepared in the same 
manner as described in Example I except that the N 
hydroxyphenyl-benzotriazole used in this example is avail~ 
able commercially as “Tin-uvin 327” and is 2-(2’-hydroxy, 
chloro, methylphenyl)-tert-butyl-benzotriazole. 

EXAMPLE V 

Another synergistic mixture is prepared in the same 
manner as described in Example II except that the N-hy 
droxyphenyl-benzotriazole is available commercially as 
“Tinuvin 327.” 

EXAMPLE VI 

Another synergistic mixture is prepared in the same 
manner as described in Example III except that the N 
hydroxyphenyl-benzotriazole is available commercially 
as “Tinuvin 327.” 

EXAMPLE VII 

The borate of N,N-dicyclohexyl-ethanolamine also was 
prepared by the reaction of N,N-dicyclohexyl-ethanol 
amine and nonyl boronic acid. Speci?cally, 22.5 g. 0.1 
mole) of N,N-dicyclohexyl-ethanolamine and 8.59 g. 
(0.05 mole) of nonyl boronic acid were heated and re 
fluxed in the presence of 50 g. of benzene. A total of 1.4 
cc. of water was collected. The product was vacuum dis 
tilled at a temperature of 115° C. and 18 mm. Hg. The 
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product is believed to be the N,N-dicyclohexylaminoethyl 
diester of nonyl boronic acid and may be named as a bor 
onate. 1.71% by weight of boron was found on analysis. 
A synergistic mixture is prepared by commingling 50 

pounds of the boronate prepared in the above manner 
with 40 pounds of 2-(2’-hydroxy-4’-methoxyphenyl)-ben 
zotriazole. 

EXAMPLE VIII 

The borinate of N,N-dicyclohexyl-ethanolamine is pre 
pared by reacting 1 mole proportion of N,N-dicyclohexyl 
ethanolamine with 1 mole proportion of dinonyl borinic 
acid by heating and refluxing the reactants in benzene 
solvent at a temperature of about 85° C. until the theo 
retical amount of water is collected, after which the ben 
zene solvent is removed by vacuum distillation. 
A synergistic mixture is prepared by commingling 50 

pounds of the borinate prepared in the above manner 
with 50 pounds of “Tinuvin P,” 5 pounds of “Topanol 
CA” and 7.5 pounds of dimyristyl-thiodipropionate. 

EXAMPLE IX 

The borate of N,N,-di~sec-octyl-ethanolamine was pre 
pared by heating and re?uxing 33.7 g. (0.118 mole) of 
N,N-di-(l-methylheptyl)~ethanolamine and 2.43 g. (0.039 
mole) of boric acid in 100 g. of benzene at a temperature 
of about 85° C. Following completion of the reaction and 
removal of the benzene by vacuum distillation at 145° C. 
and 18 mm. Hg, the product was recovered as a liquid 
having a boron content of 1.30% by weight. This corre 
sponds to a theoretical boron content of 1.25% by weight 
for the triester of the reaction of 3 mole proportions of 
the N,N-di-sec-octyl-ethanolamine with 1 mole propor 
tion of boric acid, and may be illustrated by the formula: 

A synergistic mixture is prepared by commingling 100 
pounds of the borate prepared in the above manner with 
100 pounds of “Tinuvin 327.” 

EXAMPLE X 

Another synergistic mixture is prepared by commin 
gling 80 pounds of “Topanol CA” and 160 pounds of di 
laurylthiodipropionate with the mixture prepared as de 
scribed in Example IX. 

EXAMPLE XI 

The borate of this example is prepared by the reaction 
of equal mole proportions of N1,N3-di-seo-octyl-N1,N2, 
N3-tri-(2-hydroxyethyl) -diethylenetriamine and boric acid. 
The N1,N3-di-sec-o.ctyl - N1,N2,N3 - tri-(Z-hydroxyethyl-di 
ethylenetriamine is prepared by reacting 1 mole propor 
tion of N1,N3-bis-(1-ethyl-3-methylpentyl)-diethylenetri 
amine with 3 mole proportions of ethylene oxide in a 
turbomixer at a temperature of about 100° C. for about 
4 hours. N1,N3-di-sec-octyl-N1,N2,N3-tri-(2 - hydroxyeth 
yl)-diethylenetriamine is recovered as a light colored 1i 
quid having a boiling point of 233—235 ° C. at 0.5 mm. Hg, 
a basic nitrogen content of 6.58 meq/ g. and a hydroxyl 
content by acetylation method of 5.75 meq/ g. 
The reaction of the N1,N3-di-sec-octyl-N1,N2,N3-tri-(2 

hydroxyethyl)-diethylenetriamine and boric acid is ef 
fected by heating and re?uxing the rnixure in the presence 
of benzene solvent until the theoretical amount of water 
is collected. Following completion of the reaction, the re 
action product is distilled under vacuum to remove ben 
zene solvent and to recover the borylated product as a 
liquid. 
A synergistic antioxidant mixture is prepared by com 

mingling 50 pounds of the borate prepared in the above 
manner with 50 pounds of “Tinuvin P.” 

EXAMPLE XII 

Another synergistic mixture is prepared by commingling 
10 pounds of 2,6-di-tert-butyl-4-methylphenol with the 
mixture prepared in accordance with Example XI. 
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14 
EXAMPLE x111 

The borate of this example is prepared by the reaction 
of equal mole proportions of N,N'»dicyclohexyl-N,N’-di 
(Z-hydroxyethyl)-ethylenediamine and boric acid. The re 
action is effected under re?uxing conditions at a tempera 
ture of about 130° C. in the presence of xylene solvent. 
A synergistic mixture is prepared by commingling 100 

pounds of the borate prepared as described above with 
100 pounds of “Tinuvin 327.” 

EXAMPLE XIV 

This example demonstrates the synergistic effect ob 
tained by the mixture of the present invention. Different 
additives were incorporated in a commercial solid poly 
propylene which was obtained free of inhibitor. The sam 
ples were prepared as dumbbell specimens and subjected 
to exposure outdoors. About 14 different dumbbell speci 
mens of each sample were prepared and these were dis 
played on a rack at a 45° angle facing South at Des 
Plaines, Ill. Periodically a dumbbell specimen of each 
sample is removed from the rack and evaluated for per 
cent elongation. 

All but one set of samples in the following evaluations 
Where placed outdoors in the middle of June. The other 
set of samples were placed outdoors at the end of March 
of the same year. This is important because during the 
summer months, the rays of the sun are most severe and 
accordingly most damaging. Lesser deterioration occurs 
during the late fall, winter and early spring months. 
The control sample, without additive, had an initial 

elongation of 536%. After 26 days outdoors, the elonga 
tion dropped to 7%. This demonstrates that the control 
sample had deteriorated rapidly. 

Another set of sample was prepared to contain 1% by 
weight of the borate of N,N-dicyclohexyl-ethanolamine, 
prepared as described in vExample I, and 0.15 % by weight 
of 2,6-di-tert-butyl - 4 - methylphenol. These specimens 
were placed outdoors on June 4th, and after 42 days, the 
elongation was 393%. This shows considerable improve 
ment as compared to the control sample. 
Another set of samples was prepared to contain 1% 

by weight of “Tinuvin 326” which is 2-(2'-hydroxy, chlo 
ro, tert-butylphenyl)-tert~butyl-benzotriazole, and 0.15% 
by weight of 2,6-di-tert-butyl-4-rnethylphenol. After 42 
days of exposure outdoors, the elongation was 111% and 
after 348 days the elongation was down to 14%. While 
these results are better than the control sample, the im 
provement is not su?icient to warrant its use commercial 
y. 

Still another set of samples was prepared to contain 
1% by weight of the borate of N,N-di-cyclohexyl-ethanol 
amine, prepared as described in Example I, 0.5% by 
weight of “Tinuvin 326” and 0.15 % by weight of 2,6-di 
tert-butyl-4-methylphenol. As stated above, the previously 
described samples were placed outdoors in the middle of 
June. However, this set of samples was placed outdoors 
near the end of March of the same year. After 126 days, 
the elongation was 311%. After 433 days, the elongation 
was 187%. The last of the 14 dumbbell specimens was 
allowed to remain outdoors for 1345 days (about 32/3 
years) and the sample still is not brittle. This is the last 
specimen of this sample and, therefore, it was decided not 
to subject it to breaking in order to determine the speci?c 
percent elongation but to check its brittleness by hand 
stretching. However, this demonstrates a most startling 
stabilization of the polypropylene. 

EXAMPLE XV 

As hereinbefore set forth, the synergistic mixture of 
the present invention may be used in admixture with still 
additional antioxidant. In these evaluations dumbbell spec— 
imens of the different samples were subjected to exposure 
in the Fadeometer and the yield values were determined 
periodically. 
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A control sample (without additive) of the polypro 
pylene decreased in yield value from an initial of about 
4700 p.s.i. to 550 p.s.i. after only 120 hours of exposure in 
the Fadeometer. 

Another sample of the polypropylene containing 0.25% 
by weight of “Tinuvin 327” had a yield value of only 
876 p.s.i. after 480 hours in the Fadeometer. 

In contrast, another sample of the polypropylene con 
taining 0.125% by weight of a borate of N,N-dicyclohex 
ylethanolamine, prepared as described in Example I, 
0.125% by weight of “Tinuvin 327,” 0.1% by weight of 
“Topanol CA” and 0.2% by weight of dilauryl-thiodipro 
pionate. The sample of polypropylene containing this mix 
ture had a yield value of 1320 p.s.i. after 1440 hours of 
exposure in the Fadeometer. 

Apparently there is a further synergistic effect in the 
above mixture because another sample of the polypro 
pylene containing 0.1% by weight of “Topanol CA” and 
0.2% by weight of dilauryl-thiodipropionate had a yield 
value of 980 p.s.i. after only 360 hours of exposure in the 
Fadeometer. 

EXAMPLE XVI 

This example demonstrates the antioxidant properties 
of the synergistic mixture of the present invention. The 
antioxidant properties were determined by incorporating 
the additive into samples of the polypropylene by milling. 
The samples of the polypropylene were evaluated in a 
method similar to that described by Hawkins, Hansen, 
Mtreyek and Winslow in Rubber Chemistry and Tech 
nology, October-November, 1959, pages 1164-1170, ex 
cept that an electrically heated aluminum block rather 
than an oven was used to maintain the desired tempera 
ture. The oxygen absorption of the sample was deter~ 
mined manometrically rather than volumetrically. In 
this method samples of the polypropylene, weighing 
about 0.5 ,gram each, are placed in separate 8 mm. 
glass tubes and the tubes then are inserted into horizontal 
rows of openings located concentrically around the 
heater. The temperature is maintained at about 140° C. 
The glass tubing also is packed with glass wool and 
molecular sieves to absorb the gases. Each of the glass 
tubes is connected to an individual manometer containing 
mercury, and the di?erential pressure is periodically de 
termined. The Induction Period is taken as the number 
of hours required to reach a pressure differential of 20 
cm. Hg. 
When evaluated in the above manner, the control 

sample (not containing the additive) of the polypropyl 
ene had an Induction Period of less than 2 hours. 

Another sample of the polypropylene containing 
0.25% by weight of the borate of N,N-dicyclohexyl 
ethanolamine, prepared as described in Example I had 
an Induction Period of about 34 hours. 
Another sample of the polypropylene containing 

0.25% by weight of “Tinuvin 327” had an Induction 
Period of about 1 hour. 

In contrast to the above, another sample of the poly 
propylene containing 0.125 % by weight of the borate of 
N,N-dicyclohexyl-ethanolamine, prepared as described 
in Example I, 0.125% by weight of “Tinuvin 327,” 0.1% 
by weight of “Topanol CA” and 0.2% by weight of 
dilauryl-thiodipropionate had an Induction Period of 
greater than 2586 hours. This extremely high Induction 
Period demonstrates the high synergistic properties of 
the mixture of the present invention. 

EXAMPLE XVII 

The synergistic mixture prepared as described in Ex 
ample III is incorporated in a concentration of 0.75% 
by weight of total additive in solid polyethylene of the 
high density type. An inhibitor product of this poly 
ethylene is marketed commercially under the trade name 
of “Forti?ex.” The synergistic mixture is incorporated in 
the polyethylene during milling thereof and serves to de 
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crease deterioration of the polyethylene due to weather 
in". 
5 EXAMPLE XVIII 

The synergistic mixture prepared as described in Ex; 
ample II is used in a concentration of 1% by weight in 
polystyrene. The synergistic mixture is incorporated in 
the polystyrene during milling thereof and this serves 
to inhibit deterioration of the polystyrene due to ultra 
violet light absorption and oxidative reactions. 

EXAMPLE XIX 

The synergistic mixture prepared a? described in Ex 
ample VI is used in a concentration of 1% by weight in 
ABS resin. Oven aging at 140° C. does not cause dis 
coloration due to oxidation. 

I claim as my invention: 
1. Solid polymer normally subject to deterioration 

due to one or both of ultraviolet light or oxidative de~ 
terioration selected from the group consisting of poly 
ole?n, polystyrene and acrylonitrile-butadiene-styrene 
polymer and containing, as an inhibitor against said de 
terioration, a stabilizing concentration of a synergistic 
mixture of about 10% to about 90% by weight'of a boron 
ester of N,N-dihydrocarbyl-alkanolamine or boron ester 
of polyalkyl- or polycycloalkyl-polyhydroxyalkyl-alkyl 
enepolyamine and about 10% to about 90% by weight of 
an N-hydroxyphenyl-benzotriazole. 

2. The polymer of claim 1 wherein the borate is a 
borate of a compound of the following formula: 

where R is hydrocarbyl, R’ is alkylene, R" is alkylene, 
X is hydrocarbyl when m and n are zero or hydroxyalkyl 
when m is one or more and/or n is one, Y is hydro 
carbyl when m is one and n is zero or hydroxyalkyl when 
m is more than one and n is one, Z is hydrocarbyl, m is 
an integer of zero to 4 and n is zero or one. 

3. The polymer of claim 1 wherein said alkanolamine 
is N,N-dicycloalkyl-alkanolamine. , 

4. The polymer of claim 3 wherein said alkanolamine 
is N,N-dicyclohexyl-alkanolamine. 

5. The polymer of claim 1 wherein said alkanolamine 
is N,N-di-sec-alkyl-alkanolamine containing from 3 to 50 
carbon atoms in each alkyl and 2 to 8 carbon ‘atoms in 
the alkanol moiety. 

6. The polymer of claim 5 wherein said alkanolamine 
is N,N-di-sec-octyl-ethanolamine. 

7. The polymer of claim 1 wherein said polyalkyl 
polyhydroxyalkyl-alkylenepolyamine is N,N' - dialkyl-N, 
N'-dihydroxyalkyl-alkylenediamine. 

8. The polymer of claim 7 wherein said polyalkyl 
polyhydroxyalkyl-alkylenepolyamine is N,N'-di-sec-octyl 
N,N’-di- ( 2-hydroxyethyl ) -ethylenediamine. 

9. The polymer of claim 1 wherein said N-hydroxy 
phenyl-benzotriazole is 2-(2'-hydroxy-5'-methylphenyl) 
benzotriazole. 

10. The polymer of claim 1 wherein said N-hydroxy 
phenyl-benzotriazole is 2 - (2’-hydroxy-4'-mcthoxyphen 
yl)-benzotriazole. 

11. The polymer of claim 1 wherein said N-hydroxy 
phenyl-benzotriazole is 2-(2’-_hydroxy, chloro, methyl 
phenyl)tert-butyl-benzotriazole. 

12. The polymer of claim 1 wherein said N-hydroxy 
phenyl-benzotriazole is 2-(2'-hydroxy, chloro, tert-butyl 
phenyl) tert-butyl-benzotriazole. 

13. The polymer of claim 1 also containing an addi 
tional phenolic antioxidant selected from the group con 
sisting of trialkylphenol and poly-(hydroxyphenyD 
alkane. 

14. The polymer of claim 1 being polyole?n. 
15. The polymer of claim 14 being polypropylene. 
16. The polymer of claim 14 being polyethylene. 
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17. The polymer of claim 1 being polystyrene. 
18. The polymer of claim 1 being ABS. 

3,368,997 
3,3 82,208 
3,422,016 
3,428,469 
3,442,807 
3,445,422 
3,464,943 
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