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Abstract

The present invention relates to amine based additive composition for
controlling and inhibition of polymerization of aromatic vinyl monomers including
styrene comprising (a) one or more of nitroxide (i.e. nitroxyl) compounds; and (b) one
or more of aromatic nitro compounds, characterized in that the said composition further
comprises one or more of (¢) amines, wherein said amine is selected from a group
comprising (i) hydroxyl alkyl tertiary amines, (ii) tertiary alkyl amines, (iii) hydroxyl
alkyl primary amine; and (iv) mixture thereof.

In one embodiment, the present invention also relates to method of using
presently provided composition.

In another embodiment, the present invention also relates to method of
controlling and inhibiting polymerization of aromatic vinyl monomers including
styrene by employing presently provided composition.

In still another embodiment, the present invention also relates to method of

preparation of presently provided composition.
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Title of the invention:

Amine based additive composition for control and inhibition of polymerization

of styrene, and method of use thereof.

Field of the invention:

The present invention relates to amine based additive composition for control
and inhibition of polymerization of aromatic vinyl monomers, wherein aromatic vinyl
monomers include styrene.

In one embodiment, the present invention relates to method of using amine
based additive composition to control and inhibit polymerization of aromatic vinyl
monomers including styrene.

In another embodiment, the present invention relates to method of preparation
of amine based additive composition for control and inhibition of polymerization of
aromatic vinyl monomers including styrene.

In still another embodiment, the present invention relates to method of
controlling and inhibiting polymerization of aromatic vinyl monomers including

styrene by employing amine based additive composition.

Background of the invention:

The polymerization of aromatic vinyl monomers including styrene during
processing 1s a matter of concern, because it causes formation of unwanted polymers
and results in loss of yield of end product and makes the process un-economical.

In the art use of inhibitors and retarders, and combination thereof to overcome

problem of polymerization of aromatic vinyl monomers including styrene has been

reported.

The problem of using the inhibitors alone is that these are to be added
continuously or at regular interval, because once they are consumed, the polymerization
will re-start.

The problem of using the retarders alone is that these are not very effective to
reduce polymerization of aromatic vinyl monomers including styrene to a level of
substantial inhibition or to the acceptable level of inhibition.

The prior art [US 5,254,760 (US’760)] discloses the polymerization inhibition

of vinyl monomers using a combination of nitroxides (i.e. nitroxyl compounds)
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including 1 oxyl -2,2,6,6, tetramethylpiperidin-4-ol (4HT) and aromatic nitro
compounds including dinitro-butylphenol [re abstract, Col. 3, lines 26-32; Col. 4, lines
1-2, 12] as the polymerization inhibitor. However, the aromatic nitro compounds
including DNBP are to be used in higher amounts and/or are also known for their toxic
nature for human exposure [re Col. 1, lines 64-68].

Theretfore, the industry 1s aiming for additive composition wherein the dosage
of components of composition of US’760, particularly of DNBP and 4HT can be
minimized or reduced. Any effort in the direction of lowering the consumption of these

components will lessen the problem of industry.

Need of the Invention:

Therefore, there is still a need of an effective additive cbmposition and method
of its use, and method of its preparation and method of controlling and inhibiting
polymerization of aromatic vinyl monomers including styrene by employing said
composition, wherein the additive composition is not only suitable for substantial
control and inhibition of polymerization of aromatic vinyl monomers incluidng styrene,
but also comprises reduced or minimized amounts of nitroxides (i.e. nitroxyls) and

aromatic nitro compounds.

Problem to be solved by the Invention:

Therefore, the present invention aims at providing a solution to above-described
existing industrial problem by providing effective additive composition and method of
its use, and method of its preparation and method of controlling and inhibiting
polymerization of aromatic vinyl monomers including styrene by employing said
composition, wherein the additive composition is not only suitable for substantial
control and inhibition of polymerization of aromatic vinyl monomers including styrene,
but also comprises reduced or minimized amounts of nitroxides (i.e. nitroxyls) and

aromatic nitro compounds.

Objects of the Invention:
Accordingly, the main object of present invention is to provide an effective
additive composition and method of 1ts use, and method of its preparation, and method

of controlling and inhibiting polymerization of aromatic vinyl monomers including
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styrene by employing said composition, wherein the additive composition is not only
suitable for substantial control and inhibition of polymerization of aromatic vinyl
monomers Including styrene, but also comprises reduced or minimized amounts of
nitroxides (i.e. nitroxyls) and aromatic nitro compounds.

This is also an object of present invention to provide an effective additive
composition and method of its use, and method of its preparation and method of
controlling and inhibiting polymerization of aromatic vinyl monomers including
styrene by employing said composition, wherein the additive composition is not only
suitable for substantial control and inhibition of polymerization of aromatic vinyl
monomers including styrene, but is also required in relatively lower dosage as
compared to dosage of prior art additives for achieving the same or better acceptable
level of control and inhibition of polymerization of styrene.

This is also an object of present invention to provide an effective amine based
additive composition and method of its use, and method of its preparation and method
of controlling and inhibiting polymerization of aromatic vinyl monomers including
styrene by employing said amine based additive composition, wherein the amine based
additive composition is not only suitable for substantial control and inhibition of
polymerization of aromatic vinyl monomers including styrene, but is also required in
relatively lower dosage as compared to dosage of prior art additives for achieving the
same or better acceptable level of control and inhibition of polymerization of styrene,
and wherein the amine is selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(11) tertiary alkyl amines,

(111) hydroxyl alkyl primary amine; and

(1v) mixture thereof.

The present invention particularly aims at providing an effective amine based
additive composition and method of its use, and method of its preparation and method
of controlling and inhibiting polymerization of aromatic vinyl monomers including
styrene by employing said amine based additive composition, wherein the amine based
additive composition is not only suitable for substantial control and inhibition of
polymerization of aromatic vinyl monomers including styrene, but also comprises
reduced or minimized amounts of nitroxides (i.e. nitroxyls) and aromatic nitro

compounds, and is required in relatively lower dosage as compared to dosage of prior
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art additives for achieving the same or better acceptable level of control and inhibition
of polymerization of aromatic vinyl monomers including styrene, and wherein the
amine 1s selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(ii) tertiary alkyl amines,

(i11) hydroxyl alkyl primary amine; and

(1v) mixture thereof,
and therefore, the composition of present invention 1s not only economical, but 1s also
environment friendly.

The present invention also aims at improving the performance of additive
compositions comprising nitroxides (i.e. nitroxyls) and aromatic nitro compounds at
higher temperature and in presence of air by further comprising one or more amines.

Other objects and advantages of present invention will become more apparent
from the following description when read in conjunction with examples, which are not

intended to limit scope of present invention.

Description and Preferred Embodiments of the Invention:

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has found that when an aliphatic
amine, 1s added to composition comprising nitroxides (i.€. nitroxyls) and aromatic nitro
compounds, then not only polymerization controlling and inhibiting efficiency of
nitroxides and aromatic nitro compounds is substantially improved, but polymerization
of aromatic vinyl monomers including styrene, surprisingly and unexpectedly, is also
controlled and inhibited to the acceptable level at substantially reduced dosages of
nitroxides and aromatic nitro compounds, substantially reduced dosages of the
composition, and which makes the composition economical as well as environment
friendly.

With aim to overcome above-described problems of prior art and to achieve
above-described objects of the invention, the inventor has found that when an amine
selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(11) tertiary alkyl amines,

(ii1) hydroxyl alkyl primary amine; and



10

15

20

25

30

CA 028b7384 2014-05-295

(iv) mixture thereof

1s added to composition comprising:

- one or more of nitroxides (i.e. nitroxyls); and

- one or more of aromatic nitro compounds,

then not only polymerization controlling and inhibiting efficiency of nitroxides and
aromatic nitro compounds is substantially improved, but polymerization of aromatic
vinyl monomers including styrene, surprisingly and unexpectedly, is also controlied
and inhibited to the acceptable level at substantially reduced dosages of nitroxides and
aromatic nitro compounds, and at substantially reduced dosages of said composition
comprising said amines which makes the composition economical as well as
environment friendly.

Accordingly, the present invention relates to amine based additive composition
to control and inhibition of polymerization of aromatic vinyl monomers including
styrene comprising one or more of nitroxides (i.e. nitroxyls) and one or more of
aromatic nitro compounds characterized in that it further comprises one or more
aliphatic amines.

Accordingly, in particular, the present invention relates to amine based additive
composition for controlling and inhibition of polymerization of aromatic vinyl
monomers including styrene comprising:

(a) one or more of nitroxide (i.e. nitroxyl) compounds; and

(b) one or more of aromatic nitro compounds,
characterized 1n that the said composition further comprises one or more of

(¢) amines,
wherein said amine is selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(i1)  tertiary alkyl amines,

(ii1)  hydroxyl alkyl primary amine; and

(iv)  mixture thereof.

[n accordance with present invention, the amine is an aliphatic tertiary amine,
which contains one or more hydroxyl groups in the alkyl chain of the tertiary amine,
preferably it contains three hydroxyl groups in the alkyl chain of the tertiary amine,
more preferably the hydroxyl groups are hydroxyalkyl groups.
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Accordingly, in accordance with most preferred embodiment of the present
invention, the aliphatic tertiary amine containing three hydroxyl groups is tri-
i1sopropanol amine or tris(2-hydroxypropyl)amine (TIPA).

In accordance with present invention, the hydroxyl alkyl tertiary amine 1s
selected trom a group consisting of tris(2-hydroxypropyl)amine (TTIPA); N,N,N",N’-
Tetrakis (2-hydroxypropyl) ethylene-diamine) (Quadrol®); and N,N,N",N"-Tetrakis (2-
hydroxyethyl) ethylene-diamine) (THEED).

[t may be noted that the Quadrol® may also be referred to as propoxylated
ethylene diamine (PED) or Tetra (2-hydroxypropyl) ethylene-diamine and the one used
in present invention includes as it as available from BASF under the tradename
Quadrol 204®.

In accordance with one of the embodiments of the present invention, the tertiary
alkyl amine is Tris[N-butylamine] (TBA).

In accordance with another embodiment of the present invention, the hydroxyl
alkyl primary amine is monoethanolamine (MEA).

[t has been found that when composition of present invention comprises one or
more of above-described amines, the efficiency of nitroxides and aromatic nitro
compounds to control and inhibit polymerization of aromatic vinyl monomers
including styrene is, surprisingly and unexpectedly, substantially improved to the
acceptable level that’s too at substantially reduced dosages of nitroxides and aromatic
nitro compounds, thereby making the composition of present invention relatively more
economical and environment friendly.

In accordance with one of the embodiments of the present invention, the
composition of present invention is added to the stream containing aromatic vinyl
monomers including styrene in an amount varying from about 0.01 ppm to about 2000
ppm, preferably from about 1 ppm to about 2000 ppm by weight of the stream of

monomer including styrene.

In accordance with one of the embodiments of the present invention, the
nitroxide (1.e. nitroxyl) and aromatic nitro compounds are taken in a ratio varying from
about 99:1 to about 1:99 by weight.

~ In accordance with one of the embodiments of the present invention, the

composition comprises:
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a) about 50 to about 99.5 % by weight of /) mixture of said nitroxide (i.e.
nitroxyl) compounds and said aromatic nitro compounds; and

b) about 0.5 to about 50 % by weight of 1]) said amines.

In accordance with one of the embodiments of the present invention, the
nitroxide (or nitroxyl) compound is selected from the group comprising di-tert-
butylnitroxyl, 1-oxyl-2,2,6,6-tetramethylpiperidine, 1-oxyl-2,2,6,6-
tetramethylpiperidin-4-ol, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-one, and derivatives
thereof;, and di-nitroxides and derivatives comprising bis(l-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)succinate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-
yladipate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)sebacate, and mixture thereof.

In accordance with one of the preferred embodiments of the present invention,
the nitroxide (or nitroxyl) compound i1s selected trom the group comprising bis(1-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl)sebacate and 1 oxyl -2,2,6,6, tetramethylpiperidin-4-
ol or 4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl (or 4 Hydroxy Tempo or 4-HT) ,
and mixture thereof.

In accordance with one of the preferred embodiments of the present invention,
the nitroxide (or nitroxvl) compound is 1 oxyl -2,2.6,6, tetramethylpiperidin-4-ol (or 4
Hydroxy Tempo or 4-HT).

In accordance with one of the preferred embodiments of the present invention,
the aromatic nitro compound contains a phenolic group or derivative thereof as well as
the nitro group.

In accordance with one of the preterred embodiments of the present invention,
the aromatic nitro compound is selected from a group comprising 4,6-dinitro-2-sec-
butylphenol (DNBP) and 4,6-dinitro-ortho cresol or 4,6-dinitro-2-hydroxytoluene
(DNOC), and mixture thereof.

In accordance with one of the preferred embodiments of the present invention,

the aromatic nitro compound 1s 4,6-dinitro-2-sec-butylphenol (DNBP).

Accordingly, tn another embodiment, the present invention also relates to
method of using amine based additive composition of the present invention described
herein, a reference to which is drawn in entirety, to control and inhibit polymerization
of aromatic vinyl monomers including styrene, wherein the stream comprising aromatic

vinyl monomer including styrene is treated with said composition comprising one or
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more of nitroxides (i.e. nitroxyls) and one or more of aromatic nitro compounds
characterized in that it further comprises one or more of aliphatic amines.

In particular, in another embodiment, the present invention also relates to a
method of using amine based additive composition of the present invention described
herein, a reference to which is drawn in entirety, for controlling and inhibition of
polymerization of aromatic vinyl monomers including styrene, wherein said
composition comprises:

(a) one or more of nitroxide (i.e. nitroxyl) compounds; and

(b) one or more of aromatic nitro compounds,
characterized in that the said composition further comprises one or more of

(c) amines,
wherein said amine is selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(1) tertiary alkyl amines,

(ii1)  hydroxyl alkyl primary amine; and

(iv)  mixture thereof,
and said composition is added to monomer stream.

In accordance with one of the embodiments of the present invention, the method
of using said amine based additive composition of the present invention comprises
adding from about 0.01 ppm to about 2000 ppm, preferably from about 1 ppm to about
2000 ppm of said composition to the aromatic vinyl monomers stream including
styrene based on weight of monomer.

It may be noted that all the features of the composition of the present invention
described herein, a reference to which is drawn in entirety, are deemed to have been
included in present method of using said amine based additive composition of the
present invention.

Accordingly, in still another embodiment, the present invention also relates to
method for controlling and inhibition polymerization of aromatic vinyl monomers
including styrene by employing or adding amine based additive composition of the
present invention described herein, a reference to which is drawn in entirety, to the
aromatic vinyl monomers stream including styrene, wherein the stream comprising

aromatic vinyl monomers including styrene is treated with a composition comprising
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one or more of nitroxides (i.e. nitroxyls) and one or more of aromatic nitro compounds
characterized in that it further comprises one or more of aliphatic amines.

In particular, in another embodiment, the present invention also relates to a
method for controlling and inhibition of polymerization of aromatic vinyl monomers
including styrene by employing or adding amine based additive composition of the
present invention described herein, a reference to which is drawn in entirety, to the
aromatic vinyl monomers stream including styrene, wherein the stream comprising
aromatic vinyl monomers including styrene is treated with said amine based additive
composition comprising:

(a) one or more of nitroxide (i.e. nitroxyl) compounds; and

(b) one or more of aromatic nitro compounds,
characterized in that the said composition further comprises one or more of

(c) amines,
wherein said amine is selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(1) tertiary alkyl amines,

(i)  hydroxyl alkyl primary amine; and

(iv)  mixture thereof.

In accordance with one of the embodiments of the present invention, the method
for controlling and inhibition of polymerization by employing said amine based
additive composition of the present invention comprises adding from about 0.01 ppm to
about 2000 ppm, preferably from about 1 ppm to about 2000 ppm of said composition
to the aromatic vinyl monomers stream including styrene based on weight of monomer.

It may be noted that all the features of the composition of the present invention
described herein, a reference to which is drawn in entirety, are deemed to have been
included i present method for controlling and inhibition of polymerization by
employing said amine based additive composition of the present invention.

In accordance with one of the embodiments of the present invention, the
composition of present invention may be mixed with stream containing aromatic vinyl
monomers elther before the stream enters into processing system or after the stream has
entered into processing system, but preferably the composition is added to the stream

containing aromatic vinyl monomers before its processing starts so that polymerization

of aromatic vinyl monomers is avoided.
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In accordance with one of the embodiments of the present invention, the present
composition may be used over a wide range of temperature including 50 degree C to
180 degree C, preferably over the range of 60 degree C to 180 degree C.

The composition of present invention may be prepared in any known manner to
prepare the compositions.

Accordingly, in still another embodiment, the present invention also relates to
method of preparing amine based additive composition of the present invention
described herein, a reference to which i1s drawn in entirety, for controlling and
inhibiting polymerization of aromatic vinyl monomers including styrene, wherein one
or more of nitroxide and one or more of aromatic nitro compounds are mixed first, and
then, one or more of said amines are added to the mixture of said nitroxide and
aromatic nitro compounds.

In particular, in still another embodiment, the present invention also relates to a
method for preparing amine based additive composition of the present invention
described herein, a reterence to which i1s drawn in entirety, for controlling and
inhibiting polymerization of aromatic vinyl monomers including styrene, wherein the
method comprises:

(A) mixing one or more of said nitroxide (i.e. nitroxyl) compounds and one
or more of said aromatic nitro compounds,

characterized in that the said mixture of said nitroxide (i.e. nitroxyl) compounds
and said aromatic nitro compounds is further mixed with one or more of

(B) said amines,

wherein said amine is selected from a group comprising:

(1) hydroxyl alkyl tertiary amines,

(1) tertiary alkyl amines,

(111)  hydroxyl alkyl primary amine; and

(iv)  mixture thereof.

In another embodiment, the composition of present invention is prepared by
mixing one or more of nitroxide compounds, one or more of aromatic nitro compounds,
and one or more of said amines individually or in any possible combination.

It may be noted that all the features of the composition of the present invention

described herein, a reference to which is drawn in entirety, are deemed to have been

10
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included in present method for preparing said amine based additive composition of the
present invention.

In one of the embodiments, the inventor has found that when any one of the
triethanolamine (TEA), N,N,disec-butyl-para-phenylene diamine (UOPS5), ethylene
diamine (EDA), tetracthylenepentamine (TEPA), dibutyl amine (DBA), octyle amine,
dipropyl amine (DPA), or diethanol amine (DEA) amines s added to prior art additive
composition comprising DNBP and 4HT, then, surprisingly and unexpectedly, these
amines result in substantial reduction in efficiency of prior art additive composition
consisting to control and inhibit polymerization of styrene for all concentrations of the
prior art additive. Therefore, as per present invention the TEA, EDA, TEPA, UOPS5,
DBA, Octyle Amine, DEA, are not the selected amines/additives, or the present
composition does not comprise any of these amines.

The present invention is now described with the help of following examples,
which are not intended to limit scope of the present invention, but have been

incorporated to illustrate mode and best mode of performing the present invention.

Experiments:

Main Experiment:

In the following experiments, weighed amount of distilled styrene and additives
are taken In a reactor (tube reactor or round bottom reactor) equipped with thermometer
and nitrogen or air inlet and outlet. Enough N> or air flow is maintained to ensure
proper agitation. The contents of the reactor are heated to selected temperature (120°C
or 135°C) under continuous nitrogen or air flow for selected duration (for about 2 hrs.).
After that selected duration, the reactor is cooled to below 10°C by immersing in
crushed ice. The contents of the reactor are then poured into a beaker containing
methanol (methanol precipitation). The precipitate obtained is filtered, dried to remove
methanol and weighed. Approximately, for about 1.5-2g chilled polymerization
mixture, about 80g methanol was used to precipitate the polymer formed in the styrene
solution. The weight of the precipitate is reported as % polymer formed in following
tables.

It may be noted that styrene was purified before use to remove the stabilizers.

11
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In following examples, the prior art additive composition is a composition
comprising aromatic nitro compound and nitroxide compound, wherein aromatic nitro
compound is 4,6-dinitro-2-sec-butylphenol (DNBP); and nitroxide compound is 1 oxyl
-2,2,6,6, tetramethylpiperidin-4-ol (or 4 Hydroxy Tempo or 4-HT), which are taken in
an amount of about 100, 200, 300, 400, 500, 1000 ppm in various weight ratios of
90:10 [referred as DNBP:4HT (90:10)], 80:20 [referred as DNBP:4HT (80:20)], 70:30
[referred as DNBP:4HT (70:30)], 50:50 [referred as DNBP:4HT (50:50)}, 30:70
[referred as DNBP:4HT (30:70)], and 20:80 [referred as DNBP:4HT (20:80)].

In following examples, the present additive composition is a composition
comprising 4,6-dinitro-2-sec-butylphenol (DNBP) being aromatic nitro compound; 1
oxyl -2,2,6,6, tetramethylpiperidin-4-ol (or 4 Hydroxy Tempo or 4-HT) being nitroxide
(DNBP and 4HT); and additionally comprising TIPA, Quadrol, THEED, TBA, or MEA
being amine of the present invention.

The inventor has further compared the results of present compositions with
additive compositions comprising (DNBP and 4HT), and triethanolamine (TEA),
N,N.,disec-butyl-para-phenylene diamine (UOPS), ethylene diamine (EDA),
tetracthylenepentamine (TEPA), dibutyl amine (DBA), octyle amine, dipropyl amine
(DPA), or diethanol amine (DEA) for comparative purposes.

In following examples, from about 1 to about 25 ppm of amine of the present
invention and of amine for the comparative purpose is added to about 100, 200, 300,
400, 500, 1000 ppm of above-said mixture of nitroxide and aromatic nitro compounds,

wherein said mixture of nitroxide and aromatic nitro compounds i1s taken in weight

ratios 0 90:10, 80:20, 70:30, 50:50, 30:70 and 20:80.

Experiment 1 —

The results of above Main Experiment when performed in a tube reactor with
10g of distilled styrene for heating to 120°C for 2h are provided in Table I for 100 ppm
dosage and in Table II for 200, 300 and 400 ppm dosages of mixture of nitroxide and

aromatic nitro compounds taken in weight ratios of 90:10, 80:20, 70:30, 50:50, 30:70
and 20:80, wherein 1 to 25 ppm of amine of the present invention and of amine for the

comparative purpose has been added.

12
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Table I — Present Additive Composition comprising (DNBP and 4HT), and TIPA,
Quadrol, THEED, TBA, or MEA Vs. prior art additive composition consisting of
DNBP and 4HT; and Vs. Comparative Additive Composition comprising (DNBP and

4HT), and DPA, TEA, EDA, TEPA, UOP5, DBA, Octyl Amine or DEA (for
comparative purposes).

Dosage, Active DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT
(ppm) (90:10) (80:20) | (70:30) | (50:50) | (30:70) | (20:80)
100 (Prior Art, 2.50 2.15 1.81 1.6 2.5 4.19
DNBP and 4HT)
100+1 (TIPA) 1.20 0.97 1.16 0.56 061 [ 072
100+2 (TIPA) | 1.03 0.87 .07 | 043 0.44 0.63
" 100+5 (TIPA) 0.86 0.76 070 | 025 0.29 0.45
100+10 (TIPA) 0.72 0.62 0.60 0.20 0.27 0.40
100+20 (TIPA) 0.80 0.72 0.75 0.22 0.39 0.58
100+25 (TIPA) 0.98 0.87 0.89 032 | 042 0.70
100+5 (Quadrol) 1.52 1.28 103 | 093 164 [ 225
100+10 (Quadrol) 142 | 118 0.90 0.81 1.49 2.01
100+20 (Quadrol) |  1.55 1.25 1.05 0.92 1.75 2.15
100+25 (Quadrol) 1.82 1.40 1.21 1.05 1.85 2.35
100+5(THEED) |  1.57 1.35 1.0 0.98 1.69 2.20
100+10 (THEED) 140 | 116 | 093 0.82 1.55 2.05
100+20 (THEED) 1.58 1.22 .10 | 0.95 1.71 2.10
100+25 (THEED) 186 | 135 15 ] 110 180 | 230
100+5 (TBA) 20 | 170 141 | LI j 192 | 3.84
100+10 (TBA) 1.81 1.45 .36 | 1.0 172 | 352
100+20 (TBA) 2.11 194 | 171 1.53 2.03 3.73
100+25 (TBA) | 2.4 1.93 l 184 | 1.63 222|393
100+5 (MEA) 248 | 215 1.95 1.65 2.48 4.02
100+10 (MEA) | 251 | 2.8 189 | 174 2.55 4.15
100+20 (MEA) | 246 2.09 2.0 177 | 261 | 42
100+25 (MEA) | 2.8 2.21 1.98 1.80 2.59 4.20
100+5 (DPA) 240 | 2.3 1.65 | 140 2.33 3.95
100+10 (DPA) | 244 | 201 | 164 1.48 2.37 4.06
100+20 (DPA) | 255 2.22 1.92 | 171 [ 255 | 428
100+25 (DPA) 2.51 2.25 1.96 1.79 2.62 4.29
100+5 (TEA) | 2.64 2.33 2.0 | 1.93 2.95 4.43
100+10 (TEA) 2.74 2.5 2.23 2.0 3.26 4.37
100+20 (TEA) 2.82 2.55 2.33 2.16 3.36 4.53
100+25 (TEA) 2.96 2.67 2.55 2.27 3.54 | 4.63
100+5 (EDA) 2.60 2.22 2.03 1.84 | 270 4.23
100+10 (EDA) 2.66 221 | 2.05 190 | 275 431
100+20 (EDA) 262 | 2.28 2.15 1.96 2.56 4.32
100+25 (EDA) 2.71 235 | 225 2.05 2.89 4.44
100+5 (TEPA) | 2.66 2.21 2.0 1.89 2.75 4.39
100+10 (TEPA) | 2.69 2.25 2.08 1.92 2.70 4.35
100+20 (TEPA) 270 | 234 | 215 | 195 285 441
100425 (TEPA) |  2.75 2.31 2.20 189 [ 295 | 443
100+5 (UOPS) [ 270 [ 226 2.06 1.88 276 | 4.39
100+10 (UOP3) 2.68 2.23 2.08 1.92 2.80 4.36
100+20 (UOPS) 2.60 2.58 2.11 2.05 2.82 4.45
100+25 (UOPS5) 263 | 278 | 220 | 211 2.80 4.52
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Dosage, Active DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT
| (ppm) . | (90:10) | (80:20) | (70:30) (50:50) | (30:70) | (20:80)
100 (Prior Art, 2.50 2.15 1.81 1.6 2.5 4.19
DNBP+4HT) B
100+5 (DBA) 2.58 2.18 2.10 1.95 2.88 4.20
100+10 (DBA) 2.65 2.25 2.11 1.90 295 | 420
100+20 (DBA) 275 | 230 2.16 2.05 2.92 4.25
100+25 (DBA) 2.85 2.33 225 | 215 3.0 4.32
100+5 (Octy! 2.48 2.19 2.02 1.86 2.83 4.05
| amine) ] |
100+10 (Octy] 2.44 2.21 2.05 1.90 2.79 4.02
amine)
100+20 (Octy] 2.70 2.25 2.09 1.99 2.81 4.15
amine) | :
| 100+25 (Octyl 2.78 2.16 2.10 2.11 28 | 427
| amine)
100+5 (DEA) | 255 | 2.2 2.07 1.90 2.65 4.23
100+10 (DEA) 2.60 2.22 2.10 1.95 275 | 4.33
| 100+20 (DEA) 2.66 2.26 2.10 1.99 2.82 4.36
100+25 (DEA) 2.68 2.33 2.15 2.10 2.90 4.40

In Table I, 100 ppm is active dosage of DNBP and 4HT in various given ratios of
90:10, 80:20, 70:30, 50:50, 30:70 and 20:80, and i, 2, 5, 10, 20 and 25 ppm of the
5  selected amine is added to that 100 ppm of mixture of DNBP and 4HT.

Table Il — Present Additive Composition comprising (DNBP and 4HT), and TIPA,

Quadrol, THEED, TBA, or MEA Vs. prior art additive consisting of DNBP and 4HT;
10 and Vs. Comparative Additive Composition comprising (DNBP and 4HT), and DPA,

TEA, EDA, TEPA, UOPS, DBA, Octyl Amine or DEA (for comparative purposes).

DNBP and 4HT in 90:10 ratio and third Amine is

Dosage | DNBP | TIPA | Quad | THE |{TB | TE |DP |ED |TEP |UOP DB | ME | DE [ Oct
Active | + rol ED A A A A A 5 A A A yl
(ppm) | 4HT** | ami

| . ! | { ne
| 200+10 | 1.10 015 | 031 | 035 |10l 116|114 112 1.10 | 1.13 {1.15]092 | 1.15| 1.12
ppm* |
300+15 |  0.22 0 0 0 102510271030} 025] 028 | 025 [0.310.11 ] 0.28 | 0.26
_ppm* . | | ~ |
400+20 | 0.1 0 0 0 1014101810181 015] 015 | 017 | 0.18| 0 |0.15]|0.18
_ppm”*

In Table II, 200, 300 and 400 ppm is active dosage of DNBP and 4HT in ratio of 90:10,
15 and 10, 15 and 20 ppm of the selected amine is added to that 200, 300 and 400 ppm of
mixture of DNBP and 4HT.
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The above experimental data confirms the synergistic effect, and the surprising

and unexpected technical effects and advantages of the additive composition of the
present invention which comprises DNBP, 4HT and TIPA; DNBP, 4HT and Quadrol;

DNBP, 4HT and THEED; DNBP, 4HT and TBA; and DNBP, 4HT and MEA.

As can be seen from above data, with addition of about 1 to about 25 ppm of
TIPA, Quadrol, THEED or TBA in about 100 ppm mixture of DNBP and 4HT
respectively taken in 90:10, 80:20, 70:30, 50:50, 30:70 and 20:80 weight ratios, the
efficiency of prior art additive composition consisting of DNBP and 4HT to control and
inhibit polymerization of styrene is, surprisingly and unexpectedly, generally improved.

As can be seen, the improvement of efficiency of the prior art additive when
TIPA or Quadrol or THEED or TBA is added is generally substantial for all
concentrations. However, the improvement of efficiency for Quadrol or THEED or
TBA is not as substantial as for TIPA, and for TBA is not as substantial as for Quadrol
or THEED. Therefore, as per present invention, TIPA is the most pretferred
amine/additive, and Quadrol and THEED are the preferred amines/additives, and TBA
is one of the selected amines/additives.

It may be noted that, surprisingly and unexpectedly, with increase In
concentration of TIPA or Quadrol or THEED or TBA, i.e. when about 20 ppm or more
of TIPA or Quadrol or THEED or TBA is added to mixture of DNBP and 4HT, the
polymerization inhibition efficiency of present additive composition reduces, the
reasons for which are not know at present.

As can be seen from above data, surprisingly and unexpectedly, the additive

composition comprising 100 pm of mixture of DNBP and 4HT; and 5, 10, 20 and 25

ppm of MEA is generally not effective. However, the additive composition comprising
200, 300 and 400 pm of mixture of DNBP and 4HT; and respectively 10, 15 and 20
ppm of MEA is generally very effective. Therefore, as per present invention, MEA 1s
one of the preferred choices when higher amounts mixture of DNBP and 4HT are
employed.

As can be seen from above data, the additive composition comprising DNBP,
4HT and DPA results in only marginal improvement of the efficiency of prior art
additive composition consisting of DNBP and 4HT to control and 1nhibit
polymerization of styrene. Therefore, as per present invention, DPA is not the selected

amine/additive.

13



10

15

20

25

CA 028b7384 2014-05-295

As can be seen from above data, the comparative amines including TEA, EDA,
TEPA, UOPS5, DBA, Octyle Amine, DEA, surprisingly and unexpectedly, result in
substantial reduction 1n etficiency of prior art additive composition consisting of DNBP
and 4HT to control and inhibit polymerization of styrene for all concentrations of the
prior art additive. Therefore, as per present invention the TEA, EDA, TEPA, UOPS3,
DBA, Octyle Amine, DEA, are not the selected amines/additives, or the present
composition does not comprise any of these amines.

Accordingly, in view of above experimental data and analysis thereof, it can be
concluded that only the additive compositions of the present invention comprising
DNBP, 4HT and TIPA; DNBP, 4HT and Quadrol; DNBP, 4HT and THEED; DNBP,
4HT and TBA; and DNBP, 4HT and MEA, surprisingly and unexpectedly, result in
improvement of control and polymerization inhibition efficiency of prior art additive
composition consisting of DNBP and 4HT, and these findings confirm synergistic

effect of present compositions.

Experiment 2 —

In view of above unexpected advantages of additive composition of present
invention, further experiments of above Main Experiment were performed in a tube
reactor with 10g of distilled styrene for heating to 135°C for 2h under continuous flow

of nitrogen, and results thereof are provided in Table II1.

Table 111
Active Dosage (ppm) | DNBP:4HT | DNBP:4HT | DNBP-4HT
(90:10) (80:20) (70:30)
500 6.51 5.52 5.29
1000 311 2.64 2.02
500+ 5 TIPA | 3.50 13.04 1248
500+ 10 TIPA 321 2.81 1224
500 + 15 TIPA 3.09 [2.67 211 |
500 + 20 TIPA 1301 {260 1.98

It can be seen from Table III that present composition comprising (DNBP and
4HT) and TIPA is effective and efficient even at higher dosage and higher temperature.
The present composition comprising 500 ppm of mixture of DNBP and 4HT in 90:10,
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80:20 and 70:30 ratios with just 15 ppm of TIPA (2.91% of the total composition) has
same efficiency to control and inhibit polymerization of styrene as 1000 ppm of prior
art composition without TIPA, which confirms that present composition is capable of
achieving same efficiency to control and inhibit polymerization of styrene with half of
the dosage of the prior art composition, and thereby, resulting in economical and
environmental benefits.

It can also be seen from Table III that polymerization of styrene is substantially
reduced just on addition of 5 ppm (0.99% of total composition), 10 ppm (1.96% of total
composition), 15 ppm (2.91% of total composition) or 20 ppm (3.85% of total
composition) of TIPA in 500 ppm of prior art additive composition consisting of DNBP
and 4HT.

It can also been seen from above Table III that just with addition of 0.99% to
3.85% of TIPA of total composition, the present invention comprising DNBP, 4HT and
TIPA demonstrates successive increase in efficiency of prior art additive composition
to control and inhibit polymerization of styrene, i.e. % polymerization successively
reduces from 3.50% to 3.01% for 90:10 ratio of DNBP and 4HT, from 3.04% to 2.60%
for 80:20 ratio of DNBP and 4HT, and from 2.48% to 1.98% for 70:30 ratio of DNBP
and 4HT.

[t can also be seen from Table III that there is about 1.82 to 2.67 times reduction
in polymer formation when present composition comprises DNBP and 4HT, and just
about 1 or 2 ppm of TIPA as compared to prior art additive composition which also
confirms synergistic effect of present composition.

These findings also confirm synergistic effect of present composition.

Experiment 3 —

The results of above Main Experiment when performed in a tube reactor with

10g of distilled styrene for heating to 135°C for 2h under air are provided in Table IV.
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Table IV

Active Dosage (ppm) | DNBP:4HT | DNBP:4HT | DNBP:4HT |
(90:10) (80:20) (70:30)
500 9.74 3.91 3.13
500 + 5 Activator 32 1 1.82 1.01
| 500+ 10 Activator | 2.91 1.53 0.85
500 + 15 Activator | 2.71 121 70.62
500 + 20 Activator 2.63 1.10 0.53 |

[t can be seen from Table IV that present composition is effective and efficient
even at higher dosage, higher temperature and under air, and trend of data in Table III
1S maintained.

[t can also be seen from Table IV that polymerization of styrene is substantially
reduced just on addition of 5 ppm (0.99% of total composition), 10 ppm (1.96% of total
composition), 15 ppm (2.91% of total composition) or 20 ppm (3.85% of total
composition) of TIPA in 500 ppm of prior art additive composition.

It can also been seen from above Table IV that just with addition of 0.99% to
3.85% of TIPA of total composition, the present invention comprising DNBP, 4HT and
TIPA demonstrates successive increase in efficiency of prior art additive composition
to control and inhibit polymerization of styrene, i.e. % polymerization successively
reduces from 3.2% to 2.63% for 90:10 ratio of DNBP and 4HT, from 1.82% to 1.10%
for 80:20 ratio of DNBP and 4HT, and trom 1.10% to 0.53% for 70:30 ratio of DNBP
and 4HT.

[t can also be seen from Table IV that there is about 2.15 to 5.9 times reduction
in polymer formation when present composition comprises DNBP and 4HT, and just
about 1 or 2 ppm of TIPA as compared to prior art additive composition, which also
confirms synergistic effect of present composition.

These findings also confirm synergistic effect of present composition, and that
present composition is capable of achieving far better efficiency to control and inhibit
polymerization of styrene with same dosage of the prior art composition, and thereby,

resulting in economical and environmental benefits.

Experiment 4 —
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The results of above Main Experiment when performed in a round bottom
reactor with 100g of distilled styrene, and reactor being provided with mechanical
stirrer to have continuous flow of nitrogen under stirring, for heating to 120°C for 2h
are provided in Table V. In this experiment, after 2h, when reactor is cooled, a small
portion of the mixture is taken in a test tube and cooled to below 10°C. On

confirmation of above unexpected results this experiment was carried out only for

90:10 and 80:20 ratios of DNBP and 4HT.

Table V
Active Dosage (ppm) | DNBP:4HT | DNBP:4HT
(90:10) (80:20)
100 (Prior Art) 13.08 121
100 +1TIPA | 3.62 3.52
100 + 2 TIPA 341 282
100+8 TIPA 78
100+10 TIPA 26

It is understood from above Table V that when just 1 ppm, 2 ppm, 8 ppm or 10
ppm of TIPA is added to 100 ppm of prior art composition consisting of DNBP and
4HT in 90:10 or 80:20 ratio of DNBP and 4HT, the efficiency of prior art additive
composition to control and inhibit polymerization of styrene is, surprisingly and
unexpectedly, improved substantially.

It can be seen from Table V that polymerization of styrene is substantially
reduced just on addition of 1, 2, 8 or 10 ppm of TIPA in 100 ppm of prior art additive
composition which confirms synergistic effect of present composition.

It can also be seen from Table V that there is about 3.18 to 5.03 times reduction
in polymer formation when present composition comprises DNBP and 4HT, and just
about 1 or 2 ppm of TIPA as compared to prior art additive composition which also
confirms synergistic effect of present composition.

It can also be seen from the above Table V that increasing the dosage of TIPA

to the prior art additive successively reduces the polymerization of styrene.

Experiment S —
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The results of above Main Experiment when performed in a round bottom
reactor with 100g of distilled styrene, and reactor being provided with mechanical
stirrer, for heating to 120°C for 2h are provided in Table VI. In this experiment, after
2h, when reactor is cooled, a small portion of the mixture is taken in a test tube and
cooled to below 10°C. Further, the N2 is purged through the system for 10 mins, and

thereafter, the polymerization is carried out without any gas flow and under stirring.

Table VI
Active Dosage (ppm) | DNBP:4HT | DNBP:4HT | DNBP:4HT | DNBP:4HT
(90:10) (80:20) (70:30) | (50:50)
200 (Prior Art) 3.9 2.65 230 0.83
100 + 1 TIPA 4.5 2.95 1.51 1.02
100 + 2 TIPA [ 4.22 2.88 1.24 081
100 + 4 TIPA | 4.0 2.62 j

It can be seen from Table VI that present composition comprising 100 ppm of
mixture of DNBP and 4HT in 90:10 and 80:20 ratios with just 4 ppm of TIPA (3.8% of
the total composition) has same efficiency to control and inhibit polymerization of
styrene as 200 ppm of prior art composition without TIPA, which confirms that present
composition 1s capable of achieving same efficiency to control and inhibit
polymerization of styrene with half of the dosage of the prior art composition thereby
resulting in economical and environmental benefits.

Similarly, present composition comprising 100 ppm of mixture of DNBP and
4HT in 80:20 ratio with just 2 ppm of TIPA (1.96% of the total composition) has same
efficiency to control and inhibit polymerization of styrene as 200 ppm of prior art
composition without TIPA.

Unexpectedly, present composition comprising 100 ppm of mixture of DNBP
and 4HT in 70:30 ratio with just 1 ppm of TIPA (0.99% of the total composition) or 2
ppm of TIPA (1.96% of the total composition) has far better efficiency to control and
inhibit polymerization of styrene than 200 ppm (double the dosage of present
composition) of prior art composition without TIPA.

It is also understood from above Table VI that when just 1 ppm, 2 ppm, or 4
ppm of TIPA 1s added to 100 ppm of prior art composition consisting of DNBP and
4HT in 90:10 or 80:20 ratio of DNBP and 4HT, the etficiency of prior art additive
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composition to control and inhibit polymerization of styrene is, surprisingly and

unexpectedly, successively improved, i.e. % polymerization reduces from 4.5% to 4.0%
or from 2.95% to 2.62%.

These findings also confirm synergistic effect of present composition.

Above experimental results confirm that presently provided composition is far

superior than prior art composition, and hence, has technical advantages and surprising

effects over the prior art additive composition.

It may be noted that the term “about” as employed herein is not intended to
enlarge scope of claimed invention, but has been incorporated only to include

experimental errors permissible in the field of the art.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as follows:

1. An amine based additive composition for controlling and inhibiting
polymerization of aromatic vinyl monomers comprising styrene, wherein the
composition comprises:

(a) one or more nitroxtde compounds; and

(b) one or more aromatic nitro compounds,
characterized in that said composition further comprises:
(c) one Or more amines,

wherein said one or more amines COmprise:

(1) hydroxyl alkyl tertiary amines,

(i1)  tertiary alkyl amines,

(111)  hydroxyl alkyl primary amines; or

(tv)  any mixture thereof.

2. The amine based additive composition as claimed in claim 1, wherein said
hydroxyl alkyl tertiary amines comprise tris(2-hydroxypropyl)amine(TIPA);
N,N,N",N"-Tetrakis (2-hydroxypropyl) ethylene-diamine (Quadrol); or
N,N,N" N"-Tetrakis (2-hydroxyethyl) ethylene-diamine (THEED).

3. The amine based additive composition as claimed in claim 1 or 2, wherein said

tertiary alkyl amines comprise Tris[N-butylamine] (TBA).

4, The amine based additive composition as claimed in any one of claims 1 to 3,

wherein said hydroxyl alkyl primary amine is monoethanolamine (MEA).

5. The amine based additive composition as claimed in any one of claims 1 to 4,
wherein said one or more nitroxide compounds and said one or more aromatic
nitro compounds are taken in a ratio varying from about 99:1 to about 1:99 by

weight.
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The amine based additive composition as claimed in any one of claims 1 to 35,

wherein said composition comprises:

a) about 50 to about 99.5 % by weight of /) a mixture of said one or more
nitroxide compounds and said one or more aromatic nitro compounds; and

b) about 0.5 to about 50 % by weight of //) said one or more amines.

The amine based additive composition as claimed in any one of claims 1 to 6,
wherein about 0.01 to about 2000 ppm of said composition is added to an

aromatic vinyl monomers stream based on weight of monomer.

The amine based additive composition as claimed in any one of claims 1 to 7,
wherein said one or more nitroxide compounds comprise di-tert-butylnitroxyl, 1-
oxyl-2,2,6,6-tetramethylpiperidine, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-ol, 1-
oxyl-2,2,6,6-tetramethylpiperidin-4-one, or any derivative thereof; or any di-
nitroxide or derivative comprising bis(1-oxyl-2,2.6,6-tetramethylpiperidin-4-
yl)sebacate, bis(1-oxyl-2,2,6,6-tetramethylpiperidin-4-yl)succinate, bis(1-oxyl-
2,2,6,6-tetramethylpiperidin-4-yl)adipate, or any mixture thereof.

The amine based additive composition as claimed in any one of claims 1 to 8,
wherein said one or more nitroxide compounds comprise bis(1-oxyl-2,2,6,6-
tetramethylpiperidin-4-yl)sebacate, 1-oxyl-2,2,6,6-tetramethylpiperidin-4-ol, 4-
hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl, or any mixture thereof.

The amine based additive composition as claimed in any one of claims 1 t0 9,
wherein said one or more nitroxide compounds comprise 1-oxyl-2.2,6,6-

tetramethylpiperidin-4-ol.

The amine based additive composition as claimed 1n any one of claims 1 to 10,
wherein said one or more aromatic nitro compounds contain a phenolic group or

denivative thereot as well as the nitro group.
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The amine based additive composttion as claimed in any one of claims 1 to 11,
whereln said one or more aromatic nitro compounds comprise 4,6-dinitro-2-sec-
butylphenol (DNBP), 4,6-dinitro-ortho cresol, 4,6-dinitro-2-hydroxytoluene
(DNOC), or any mixture thereof.

The amine based additive composition as claimed in any one of claims 1 to 12,

wherein said one or more aromatic nitro compounds comprise 4,6-dinitro-2-sec-

butylphenol (DNBP).

The amine based additive composition as claimed in any one of claims 1 to 13,
wherein said composition does not comprise triethanolamine (TEA), N,N,disec-
butyl-para-phenylene diamine (UOPS), ethylene diamine (EDA),
tetraethylenepentamine (TEPA), dibutyl amine (DBA), octyle amine, dipropyl
amine (DPA), or diethanol amine (DEA).

A method for controlling and inhibiting polymerization of aromatic vinyl
monomers comprising styrene by adding the amine based additive composition as
claimed in any one of claims 1 to 14 to a monomer stream, wherein said
composition comprises:

(a) one or more nitroxide compounds; and

(b) one or more aromatic nitro compounds,

characterized in that said composition further comprises:

(c) ONne or more amines,

wherein said one or more amines comprise:

(1) hydroxyl alkyl tertiary amines,

(11)  tertiary alkyl amines,

(1)  hydroxyl alkyl primary amines; or

(iv)  any mixture thereof.
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The method as claimed in claim 15, wherein about 0.01 to about 2000 ppm of said
composition 1s added to an aromatic vinyl monomers stream based on weight of

monomer.

A method for preparing the amine based additive composition as claimed 1n any

one of claims 1 to 14 for controlling and inhibiting polymerization of aromatic

vinyl monomers comprising styrene, wherein the method comprises:

(A) mixing said one or more nitroxide compounds and said one or more
aromatic nitro compounds,

characterized in that said mixture of said one or more nitroxide compounds and

said one or more aromatic nitro compounds 1s further mixed with:

(B)  said one or more amines,

wherein sald one or more amines comprise:

(1) hydroxyl alkyl tertiary amines,

(n)  tertiary alkyl amines,

(111)  hydroxyl alkyl primary amines; or

(iv)  any mixture thereof.
The method as claimed in claim 17, wherein said one or more nitroxide

compounds, said one or more aromatic nitro compounds, and said one or more

amines are mixed individually.
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