Office de la Propriete Canadian CA 2870410 A1 2015/11/114

Intellectuelle Intellectual Property
du Canada Office (21) 2 870 41 0
- organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(22) Date de dépot/Filing Date: 2014/11/12 (51) Cl.Int./Int.Cl. CO7F 9/6571 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2015/11/14 COBK 5/527(2000.01), COIK 15/32 (2006.01)
(30) Priorité/Priority: 2014/05/14 (TW103116958) (71) Demandeur/Applicant.

CHITEC TECHNOLOGY CO., LTD., TW

(72) Inventeur/Inventor:
CHIU, CHINGFAN CHRIS, TW

(74) Agent: RICHES, MCKENZIE & HERBERT LLP

(54) Titre : COMPOSE A BASE DE BIPHOSPHATE SPIRANIQUE ET SES UTILISATIONS
(54) Title: SPIRO BISPHOSPHITE BASED COMPOUND AND USES OF THE SAME

/ \
R O—P P—0 R
\ /

VII

(57) Abrege/Abstract:
A spiro bisphosphite based compound and its uses are disclosed. The compound Is represented by the following Formula VII':
(see formula VII') wherein R is C,-C, alkyl.

SR SR VENEN

S TR

TR RN/
4

I*I - - o, B e
C an ad a http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca oric B w omE
OPIC - CIPO 191




CA 02870410 2014-11-12

’

ABSTRACT

A spiro bisphosphite based compound and its uses are disclosed. The compound is

represented by the following Formula VII':

wherein R is C4-Co alkyl.
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SPIRO BISPHOSPHITE BASED COMPOUND AND USES OF

THE SAME

CLAIM FOR PRIORITY
This application claims the benefit of Taiwan Patent Application No. 103116958, filed

May 14, 2014, the subject matters of which are incorporated herein by reference.

CROSS-REFERENCES TO RELATED APPLICATIONS

Not applicable.

BACKGROUND OF THE INVENTION

Field of the Invention

[0001]  The present invention relates to a spiro bisphosphite based compound and its uses,
particularly its uses as an antioxidant in polymer compositions.

Descriptions of the Related Art

[0002]  Polymer materials due to their light weight, high mechanical strength and low cost
advantages are commonly applied in various industries including automobiles, paint and
coatings, constructions, etc. With the popularity of polymer materials, the additives which
help boost and retain their properties during processing or increasing their lifespan have
become an important industry. Antioxidants have been one of the most popular additives
designed for polymer materials.

[0003]  Antioxidant is a chemical substance that combats oxidation. When polymer
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materials are exposed to heat and air during processing, such as extruding, injection molding,
compounding, etc., peroxyl radicals and hydroperoxides will be generated due to a
phenomenon called "auto-oxidation cycle (AOC)." The AOC will cause the deterioration of
polymer materials, such as discoloring, changes of melt flow index (MFI), loss of impact
strength, etc. Therefore, it is necessary to add antioxidant(s) into polymer materials to
inhibit the AOC phenomenon and thus prevent the deterioration of polymer materials from
happening. A good antioxidant can effectively assist polymer materials against the AOC
phenomenon with a very low dosage (e.g., 0.1 wt% based on the weight of polymer material).
[0004] There are two types of antioxidants: primary and secondary antioxidants. Primary
antioxidants scavenge free radicals while secondary antioxidants decompose hydrogen
peroxides. Primary antioxidants are mainly hindered phenol based compounds, while
secondary antioxidants include phosphorus based compounds, sulfur based compounds, and
amine based compounds. Among the commercially available secondary antioxidants,
phosphorus based antioxidants enjoy the largest market share as they, unlike sulfur based
antioxidants and amine based antioxidants, do not discolor nor release odor during the service
life. However, most phosphorus-based antioxidants still have their weaknesses, such as low
thermal stability and low hydrolytic stability.

10005] Thermal stability is crucial for thermoplastic polymer materials as well, because

during their service life, thermoplastic polymer materials must be processed at elevated

temperature. For example, during polypropylene pipe extrusion, a process temperature over
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280 °C is required, and while extruding engineering plastic such as polyethylene terephthalate
(PET), a process temperature over 300 °C has to be adopted. At such a high temperature, the
conventional phosphorus based antioxidants will rapidly vaporize, decompose or discolor.
[0006] As for hydrolytic stability, it is critical to the handling and storage of the antioxidant
when moisture is present. Conventional phosphorus based antioxidants tend to hydrolyze in
humid environment or when in contact with moisture. Once hydrolysis occurs,
phosphorus-based antioxidants release phosphorous acid which is corrosive and causes
discoloration. In addition, hydrolysis on the surface of antioxidants will cause caking and
deliquescence which make processing much more difficult.

[0007] Phosphorus antioxidants with high hydrolytic stability normally suffer from low
antioxidation efficiency. For example, a compound with a symmetrical triarylphosphite
structure as shown by the following formula I described by US 4,187,212 (related product:
Irgafos® 168) has an excellent hydrolytic stability. However, its antioxidation efficiency is
only mediocre compared to other phosphorus based antioxidants such as spiro bisphosphite
based antioxidants. Moreover, its thermal stability (the temperature at 1% weight loss)

measured by Thermal Gravimetric Analysis (TGA) 1s merely 220 °C.
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[0008] A spiro bisphosphite based antioxidant derived from pentaerythritol represented by
the following formula II (related product: Weston® 626) is described by US 4,305,866, which
shows the highest antioxidation efficiency as compared with other phosphorus based
antioxidants, but is poor in hydrolytic stability and thermal stability. A spiro bisphosphite
compound derived from cumyl substituted phenol represented by the following formula III 1s
described by US 4,983,657, which shows a better thermal stability (TGA result: around 300
°C) but still comes with poor hydrolytic stability. Besides, both compounds of formula II

and formula III degrade into a sticky mass after being exposed to air for several days.
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[0009] A compound represented by the following formula IV (related product: ADK

STAB® PEP-36) is described by US 4,371,647, which has improved hydrolytic stability, but

4
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shows no further improvement on thermal stability.

[0010] A compound represented by the following formula V (related product: Doverphos®
9228) is described by US 5,364,895 and US 5,438,086. Although the compound has
5 excellent thermal stability and hydrolysis stability, its TGA temperature is merely 265 °C.
Moreover, this compound has low solubility in organic solvents (for example, <0.01% in
heptane, 20 °C) and very high melting point (>225 °C) that result in processing difficulties

during masterbatch or compounding processing.

(I ot X oA )~

10 [0011] Another phosphorous compound represented by the following formula VI (related
product: Irgafos® 12) is described by US 4,318,845, which bears an exceptional hydrolytic

stability rendered by the basicity of tértiary amine contained in the structure. However, its
TGA temperature is merely 250 °C, and it rapidly discolors at temperature higher than 280

°C. Therefore, the thermal stability of the compound is insufficient for the polymers
15  requiring high-temperature process. In addition, the synthesis of this compound is lengthy,

complicated and costly.
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[0012] In view of the above, the industry is still looking for a new phosphorus based

antioxidant with excellent antioxidation efficiency, thermal stability and hydrolytic stability.

SUMMARY OF THE INVENTION
5 [0013] An objective of the present invention is to provide a spiro bisphosphite based
compound which has a high hydrolytic stability and an exceptional high thermal stability,

while maintaining a high antioxidation efficiency. The compound is represented by the

following formula VII':

10 wherein R is C4-Co alkyl.

[0014] Another objective of the present invention is to provide an antioxidant, comprising

the spiro bisphosphite based compound mentioned above.

[0015]  Still another objective of the present invention is to provide a polymer composition,
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comprising a polymer; and the spiro bisphosphite based compound or the antioxidant
mentioned above.
[0016] To further explain the above described objective, the technical features and
advantages clearly, the present invention is described by the embodiments as follow.
D BRIEF DESCRIPTION OF THE DRAWINGS
Not applicable.
DESCRIPTION OF THE PREFERRED EMBODIMENT
[0017] Hereinafter, some embodiments of the present invention will be described in detail.
However, without departing from the spirit of the present invention, the present invention may
10  be embodied in various embodiments and should not be limited to the embodiments described
in the specification. Furthermore, unless it is additionally explained, the expressions "a,"
"the," or the like recited in the specification of the present invention (especially in the claims)
should include both the singular and the plural forms.
[0018] Polymer degradation is the deterioration in the physicochemical properties of a
15  polymer caused by a chemical reaction. Symptoms of degradation include yellowing, loss of
tensile strength, loss of impact strength, changes in MFI, etc. Degradation tends to occur
especially during the drying, pelletizing, compounding and processing processes of polymer,
the storage of polymer, and the recycling of polymer. One technique to ameliorate polymer

degradation is through the use of an additive, especially an antioxidant.

20 [0019] Among commonly used phosphorus based antioxidants, spiro bisphosphite based
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compounds provide the best antioxidation efficiency. Disadvantages associated with spiro
bisphosphites are their low stability toward hydrolysis and low resistance to high process
temperature (300 °C and above). In comparison with conventional spiro bisphosphite based
compounds for antioxidant use, the compound of the present invention features in that the
functional groups at the para positions of benzene rings (i.e. group "R" in formula VII') are
aliphatic C4-Co alkyl groups. This is advantageous in both the synthesis and application of
the compound. Specifically, during the synthesis of the compound, the solubility of the
compound of the present invention in organic solvent is significantly better than that of the
conventional spiro bisphosphite based compounds whose functional groups at the para
positions of benzene rings are aromatic groups (the compound of formula V for example),
which is beneficial to the purification of the product and therefore leads to a product with high
purity and stable quality. Besides, the compound of the present invention has excellent
antioxidation efficiency, thermal stability and hydrolytic stability, whose TGA temperature is
higher than 320 °C. The compound of the present invention is therefore suitable for the
polymer materials that need to be processed at high temperature, such as thermoplastic

polymers, like polyhydrocarbons and polyester.

[0020] Specifically, the compound of the present invention may be represented by the

following formula VII' :
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VII'

wherein R is C4-Co alkyl, preferably C7-Co alkyl, more preferably Csalkyl. The terms "Cs-Co
alkyl", "C7-Co alkyl" and "Cg alkyl" respectively represent a cyclic, linear or branched alkyl
group with 4 to 9, 7 to 9, or 8 carbon atoms, for example, isobutyl, tert-butyl, neopentyl],
cyclopentyl, cyclohexyl, n-heptyl, isoheptyl, sec-heptyl, tert-heptyl, n-octyl, isooctyl,
sec-octyl, tert-octyl, n-nonyl, isononyl, sec-nonyl, and tert-nonyl. In one preterred
embodiment of the present invention, the compound of the present invention is represented by

the following formula VII where R is 1,1,3,3-tetramethylbutyl:

() O'P(ZXZF’“O \_/ <>L

[0021] The compound of the present invention may be synthesized by reacting

pentaerythritol and a phosphorus trihalide with a phenol compound that has an ortho cumyl
and para R group. For example, the compound of formula VII may be prepared by mixing
and reacting pentaerythritol and phosphorus trichloride, and then reacting the obtained

product with 2-cumyl-4-tert-octylphenol. The detailed synthesis procedure will be provided

in the following examples.
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[0022] The compound of formula VII' of the present invention may be used as an
antioxidant for polymer materials solely or in combination with other known anti-oxidizing
components. Therefore, the present invention further provides an antioxidant comprising the
compound of formula VII' of the present invention. The known anti-oxidizing component is
not particularly limited and can be any conventional primary or secondary anti-oxidizing
component. For example, the known anti-oxidizing component may be selected from the
group consisting of a hindered phenol anti-oxidizing component, a phosphorus based
anti-oxidizing component, a sulfur based anti-oxidizing component, an amine based
anti-oxidizing component, and combinations thereof. To avoid odor problem that might be
caused by sulfur based anti-oxidizing component(s) and amine based anti-oxidizing
component(s), preference is given to hindered phenol anti-oxidizing component(s) and
phosphorus based anti-oxidizing component(s).

[0023] Examples of hindered phenol anti-oxidizing component include but not limited to
tetrakis[methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionatemethane,
octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate,
1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane,
1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene,
4,4'-isopropylidene-diphenol, butylated hydroxyanisole (BHA),

N,N'-hexamethylene-bis-3-(3,5-di-tert-butyl-4-hydroxyphenyl)  propionamide, and any

10
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combination of the above.

[0024] Examples of phosphorus based anti-oxidizing component include but not limited to
tris(2,4-di-t-butylphenyl) phosphite, distearyl pentaerythritol diphosphite, trisnonylphenyl
phosphite, phenyl diisodecyl phosphite, diphenyl 1sodecyl phosphite, triphenyl phosphite,
trilauryl phosphite, alkyl (Ci2-Cis) bisphenol A phosphite, alkyl (Cio) bisphenol A phosphite,
bis-(2,4-di-t-butylphenyl)  pentaerythritol  diphosphite, 2-butyl-2-ethyl-1,3-propanediol
2,4,6-tri-t-butylphenol  phosphite,  bis-(2,6-di-t-butyl-4-methylphenyl)  pentaerythritol
diphosphite, bis-(2,4-di-t-butyl-6-methylphenyl) ethyl phosphite, 2,2',2"-nitrilotriethanol
tris-(3,3',5,5'-tetra-tert-butyl-1,1'-biphenyl-2,2'-diyl)-phosphite, and any combination of the
above.

[0025] In the embodiments of the antioxidants of the present invention comprising other
conventional anti-oxidizing components, the amount of each component 1s not particularly
limited but can be adjusted depending on needs or optimized through simple experiments by
persons with ordinary skill in the art to obtain a better antioxidation efficiency.

[0026] The compound of the present invention may be added into a polymer material to
provide antioxidation effect during the processing of the polymer material or the lifespan of
the product manufactured from the polymer material, to thereby prevent the deterioration of
the polymer material during processing and prolong the lifespan of the product. Therefore,
the present invention further provides a polymer composition, comprising a polymer and the

spiro bisphosphite based compound or the antioxidant according to the present invention. In

11
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the polymer composition of the present invention, the amount of the compound of Formula

VII' or the antioxidant 1s not particularly limited, as long as it is sufficient to provide the
desired antioxidation efficiency. To avoid affecting the properties of the polymer, the
compound of Formula VII' or the antioxidant i1s preferably added with a small dosage.
Generally, the amount of the compound of Formula VII' or the antioxidant is about 0.01 parts
by weight to about 5 parts by weight per 100 parts by weight of the polymer, preferably about
0.05 parts by weight to about 0.5 parts by weight per 100 parts by weight of the polymer, and
more preferably about 0.1 parts by weight to about 0.3 parts by weight per 100 parts by
weight of the polymer. In some embodiments of the present invention, the amount of the
compound of Formula VII' or the antioxidant is about 0.15 parts by weight to about 0.2 parts
by weight per 100 parts by weight of the polymer.

[0027] The compound of Formula VII' of the present invention is an anti-oxidizing
component suitable for any kind of polymer material, therefore the polymer of the polymer
composition of the present invention is not particularly limited and may be any known
polymer. For example, the polymer may be selected from the group consisting of polyesters,
polyalkylphthalates, polyurethanes, polysulfones, polyimides, polyphenylene ethers, styrene
based polymers, acrylate based polymers, polyamides, polyacetals, halogen containing
polymers, polyolefins, and combinations thereof. However, the polymer in the polymer

composition of the present invention is preferably a thermoplastic polymer. This is because

thermoplastic polymers usually involve high temperature processing such as pelletizing and

12
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compounding and the processing temperature is usually higher than 250°C, they are
especially in need of an antioxidant with excellent thermal stability. Examples of
thermoplastic polymers include but not limited to polyamide, polyhydrocarbons, polyester,
polycarbonate, polyethylene, polypropylene, polyethylene terephthalate, polybutylene
terephthalate, polystyrene, polyacrylate, poly(methyl methacrylate), polyvinylchloride,
polyphenylene oxide, polyoxymethylene, thermoplastic polyolefins, thermoplastic elastomer,
liquid crystal polymers, polyurethane, polyurea, styrene-acrylonitrile copolymer,
styrene-butadiene  copolymer, acrylonitrile-butadiene-styrene  copolymer, and any
combination of the above. In some embodiments of the present invention, the polymer is
selected from the group consisting of polyolefins, polyester, and combinations thereof.

[0028] The polymer composition of the present invention may optionally further comprise
one of more additives, such as a heat stabilizer, a filler, a compatibilizer, a flame retardant, an
UV absorber, a light stabilizer, a metal deactivator, a nucleating agent, a plasticizer, a
lubricant, an emulsifier, a pigment, a brightener, an antistatic agent, a foaming agent, etc., to
improve the properties of the polymer, like workability, stability and flame retardancy. For
example, filler selected from the following group may be added into the polymer composition
of the present invention: glass fiber, calcium stearate, calcium carbonate, silicates, talc, kaolin,
mica, barium sulfate, silicon carbide, carbon black, silicon dioxide, aluminum hydroxide, and
combinations thereof. In the case where filler 1s added, the amount of filler is not

particularly limited, as long as it does not affect the properties of the polymer material. In

13
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general, the amount of filler is about 0.01 parts by weight to about 50 parts by weight per 100
parts by weight of the polymer.

[0029] The present invention is further illustrated by the following embodiments, which are
only for illustration and the scope of the present invention should not be limited thereto.
[0030] Examples

[0031] [Preparation Example 1: preparation of the compound ot formula VII of the present
invention (hereinafter "Compound VII")]

[0032] To a 1 L four-necked round-bottom flask in an ice bath, 34.1 g pentaerythritol and
70 g toluene were added in sequence with stirring. Under a 20 °C cool bath, 71.3 ¢
phosphorus trichloride was added drop-wisely to the round-bottom flask by a funnel in 30
minutes. The obtained mixture was stirred for an additional 30 minutes to react. The cool
bath was then removed, and the mixture was brought to ambient temperature under vacuum
for 30 minutes. Then, a mixture of 51.1 g triethylamine and 140 g toluene was added to the
round-bottom flask and the obtained mixture was heated to 80 °C. A mixture of 161.9 ¢
2-cumyl-4-tert-octylphenol (from Schenectady International Company) and 140 g toluene was
added drop-wisely to the round-bottom flask by a funnel in 60 minutes. After the addition
was finished, the mixture was maintained at 80 °C to react for 60 minutes. After the reaction

was determined as complete through thin-layer chromatography (TLC), the mixture was

filtered, and the filtered cake was washed by 70 g toluene. The filtrate was combined and

was added with 3 g triethylamine and extracted twice with 100 g water. The organic layer

14
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was collected and concentrated under vacuum. The concentrate was recrystallized in a
mixture solution of toluene and methanol to obtain Compound VII as white crystal in 82%
yield.
'H NMR (400 MHz, CDCl3): 0.75 (s, 18H, -C(CH3),CH2C(CH3)3), 1.39 (s, 12H,
>  -C(CHs3),CH2C(CHs3)3), 1.66 (s, 12H, -C(CHa3)2ArH), 1.75 (s, 4H, -C(CH3).CH2C(CH3)3),
2.55-2.60 (t, 2H, -CCH,0OP-), 2.84-2.88 (d, 2H, -CCH;OP-), 3.47-3.50 (d, 2H, -CCH,OP-),
3.96-4.02 (t, 2H, -CCH20P-), 6.85-6.87 (d, 2H, -OArH-), 7.11-7.16 (td, 8H, -C(CHs):ArH,
-OArH-), 7.20-7.24 (t, 4H, -C(CH3):ArH), 7.54 (s, 2H, -OArH-).
BC NMR (CDCI3/TMS): 30.02, 30.62, 31.79, 31.87, 32.40, 36.08, 38.33, 42.31, 57.08,
10 61.63, 61.86, 76.69, 77.00, 77.32, 117.19, 117.36, 124.93, 125.03, 125.36, 125.71, 128.06,
137.84, 143.96, 148.27, 148.34, 151.92.
Elemental analysis: calculated: C%=72.83, H%=8.39, 0%=11.41, P%=7.37; found:
C%=72.90, H%=8.59, 0%=11.65, P%=7.10.
High-resolution mass spectrum (electron impact) (HRMS (EI)): calculated: 840.46;
15  found: 840.60.

[0033] [Example 1: thermal stability test and hydrolytic stability test]
[0034]  The following conventional antioxidant compounds (Comparative compounds I to
VI) and the compound of formula VII of the present invention (Compound VII) were exposed

to 80% humidity at ambient temperature for 7 days. The TGA temperature (i.e. the

20 temperature at 1% weight loss) and the acid numbers of the compounds before and after the

15
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exposure were measured and tabulated in the following Tables 1 and 2.

Comparative compound I: Deox 68 (Chitec Technology), a compound represented by
formula I

Comparative compound II: ~ Deox 604 (Chitec Technology), a compound represented by
formula II

Comparative compound III:  prepared according to US 4,983,657, a compound
represented by formula I11

Comparative compound IV: ADK STAB® PEP-36 (Adeka), a compound represented by
formula IV

Comparative compound V:  Doverphos® S-9228PC (Dover Chemical), a compound
represented by formula V

Comparative compound VI:  Irgafos® 12 (BASF), a compound represented by formula VI

Compound VII: the compound of formula VII of the present invention

[0035] Table 1: the TGA temperature of each compound before/after being exposed to 80%

humidity at ambient temperature for 7 days

—

Compound 1 11 111 IV V. | VI VII
Initial (°C) 220 1230 1302 1250 266 |250 |321
| After 7days (°C) [220 | 120 | 150 249 257 [250 |[317

[0036] As shown 1n Table 1, among Comparative compounds I to VI and Compound VII,
only Compound III and Compound VII of the present invention have an initial TGA
temperature value higher than 280 °C, a typical compounding temperature for engineering
plastics. In particular, the TGA temperature of Compound VII of the present invention is
even higher than 320 °C, which 1s significantly higher than the general processing
temperature that polymer materials may go through. Furthermore, after being exposed to
80% humidity at ambient temperature for 7 days, only the Compound VII of the present

invention can retain a TGA temperature higher than 300 °C. The TGA temperature of the

Comparative compound III 1s considerably deteriorated to 150 °C. The above results

16
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manifest that the Compound VII of the present invention has excellent thermal and hydrolytic
stability.
[0037] Table 2: acid number of each compound before/after being exposed to 80%

humidity at ambient temperature for 7 days

Tnitial 0.03 1008 (006 [004 [0.87 [0.01 |0.02

Compound |1 [11 I IV v vl vl |

After 7days [ 0.04 [22.8 [12.1 [0.07 [1.24 [0.02 ]0.03

it

e

[0038] The acid number is an index to determine the hydrolytic stability of a compound.
A stable acid number value indicates that the compound only slightly decomposed into other
lower molecular compounds (e.g. phosphoric acid) and therefore has a better hydrolytic
stability. As shown in Table 2, the change of the acid number of the Compound VII of the
present invention is very small, which shows that Compound VII of the present invention has
excellent hydrolytic stability.

[0039] [Example 2: color stability test]

[0040] Comparative compounds I to VI and Compound VII of the present invention were
individually heated at 280 °C for 2 hours and the color change thereof was observed and
tabulated in the following Table 3.

[0041] Table 3: the color change of each compound before/after being heated at 280 °C for

2 hours
_Compound 1l I IV Vv VI VI
Initial white white white white white white white

powder | powder | powder
Color after heat | light
treatment yellow

bt - A8 gp—

_powder | powder | powder | powder
light
yellow

|

yellow | yellow yellow | brown | colorless

[0042] As shown in Table 3, only the Compound VII of the present invention does not

17



10

15

CA 02870410 2014-11-12

discolor after being heated at 280 °C for 2 hours. This manifests that the heat stability of the

Compound VII of the present invention is significantly better than that of Comparative

compounds I to VI, and is sufficient for general high temperature processing of polymer

material.
[0043] [Example 3: antioxidation efficiency in polypropylene]
[0044] 100 parts by weight of polypropylene (MFI=0.3) (TAIRIPRO B1101, Formosa

Chemicals & Fibre) was ground to powder and then mixed with 0.05 parts by weight of

calcium stearate and 0.05 parts by weight of pentaerythritol

tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate) (a phenolic antioxidant named
Deox 10, Chitec Technology) evenly. The mixture was then added with 0.15 parts by weight
of Comparative compounds I, V or VI or Compound VII to form a polypropylene
composition. The polypropylene composition was compounded and pelletized using a
Coperion twin-screw extruder equipped with a water-bath cooling system at 5 to 10 °C, at a
screw speed of 220 rpm and a low shear force contiguration at 280 °C.

[0045]

The obtained pellets were extruded 5 times at 280 °C. The melt-flow index (MFI)

and yellowness index (YI) according to ASTM E313 were measured after the 1%, 37, and 5%

extrusion and the results were tabulated in the following Table 4.

[0046] Table 4: results of melt flow index and yellowness index
Polypropylene composition TYT at[YI at]YI at|MFI at| MFI at|MFI at
| 1t pass | 3" pass | St pass | 15t pass | 3™ pass | 5* pass
without phosphite based | -20.17 | -12.53 | 1.77 0.49 0.62 2.69
antioxidant
with Comparative compound I -20.61 | -12.45 | 0.66 0.35 0.52 1.10
with Comparative compound V. | -20.89 | -14.69 |-5.16 | 0.34 0.49 0.73

18




10

15

CA 02870410 2014-11-12

with Comparative compound VI l;20.83 ‘ -14.81 [-6.73 [0.34 0.47 0.71

with Compound VII 21.10 [-17.81 [-7.89 [033 040 [0.61

[0047] As shown in Table 4, changes of melt flow index and yellowness index of the pellet
obtained from the polypropylene composition added with Compound VII of the present
invention are the smallest. This result manifests that Compound VII of the present invention
has excellent antioxidation efficiency and could best protect the polypropylene pellet trom
deterioration after multi-extrusions.

[0048] [Example 4: antioxidation efficiency in polyethylene]

[0049] 100 parts by weight of polyethylene (MFI=3) (NA 112-27, USI Corporation) was
ground to powder and then mixed with 0.05 parts by weight of pentaerythritol
tetrakis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate) (a phenolic antioxidant named
Deox 10, Chitec Technology) evenly. The mixture was then added with 0.15 parts by weight
of Comparative compounds I, V or VI or Compound VII to form a polyethylene composition.
The polyethylene composition was compounded and pelletized using a Coperion twin-screw
extruder equipped with a water-bath cooling system at 5 to 10 °C, at a screw speed of 220 rpm
and a low shear force configuration at 220 °C.

[0050] The obtained pellets were extruded 5 times at 220 °C. The melt-tlow index (MFI)
and yellowness index (YI) according to ASTM E313 were measured after the 1%, 3%, and 5%
extrusion. The results were tabulated in the following Table 5.

[0051] Table 5: results of melt flow index and yellowness index

Polyethylene composition YI at|Yl at|YI at|MFI at| MFI at| MFI at
It pass | 3™ pass | 5" pass | 15'pass | 3" pass | 5* pass

without  phosphite  based | -17.92 |-15.41 [-13.42 |2.35 2.36 2.20
antioxidant
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with Comparative compound I | -18.61 | -16.19 |-14.04 | 2.35 2.31 2.40

"with Comparative compound V[ -17.67 |-15.06 |[-14.23 [238 [236 |2.38

P

| with Comparative compound VI | -17.46 [-15.08 |-14.81 [236 234 [245

with Compound VII 18.82 | -16.70 |-15.54 234|236 |2.34

[0052] As shown in Table 5, changes of melt flow index and yellowness index of the pellet
obtained from the polyethylene composition added with Compound VII of the present
invention changed are very small. This result manifests that Compound VII of the present
invention has excellent antioxidation efficiency and could effectively protect the polyethylene
pellet from deterioration after multi-extrusions.

[0053] [Example 5: antioxidation efficiency in polybutylene terephthalate (PBT)]

[0054] 100 parts by weight of polybutylene terephthalate (CCP PBT 4130-104D,
containing glass fiber and flame retardant, Chang Chun Plastics) was ground to powder and
then mixed with 0.2 parts by weight of Comparative compounds I, V or VI or Compound VII
to form a polybutylene terephthalate composition. The obtained compositions were
compounded and pelletized using a Coperion twin-screw extruder at a screw speed of 250
rpm, an output rate of 40 kg/hour, and under 300 °C.

[0055] The obtained pellets were molded into test pieces at 250 °C.  The pieces were aged
at 120 °C for 7 days, and the impact strength according to ASTM D256 and yellowness index

(YD) according to ASTM E313 were measured before and after the aging test. The results
were tabulated in the following Table 6.

[0056] Table 6: results of yellowness index and impact strength

Polybutylene terephthalate | YI  betore | Y] after | Impact Impact

composition aging aging strength strength
before after aging
aging (J/m?) | (J/m?)

20




10

CA 02870410 2014-11-12

without  phosphite  based | 6.06 8.76 8.09 6.93
antioxidant B o |
with Comparative compound I | 5.74 | 7.25 | 8.72 7.75
' with Comparative compound V| 5.48 | 6.39 7.14 7.24
with Comparative compound VI | 5.47 6.57 8.03 7.92
with Compound VII 5.50 6.15 8.86 8.42

[0057] As shown in Table 6, changes of yellowness index and the impact strength of the
test piece obtained by the polybutylene terephthalate composition added with Compound VII
of the present invention before and after the aging test are very small. In particular, the
change of yellowness index is the smallest one among the tested pieces. This result also
manifests the excellent antioxidation efficiency of the Compound VII of the present invention.
[0058] The above examples are only for illustrating the detailed technical contents and
inventive features of the invention, but not limiting the scope thereof. Any modifications
and replacements that can be easily carried out by people skilled in this field without
departing from the characteristics and spirits of the invention should be covered in the scope

of the invention. Thus, the scope of the invention is claimed as the following claims.

21



10

CA 02870410 2014-11-12

What i1s claimed is:

I. A spiro bisphosphite based compound represented by the following formula VII':

VII'

wherein R is Cs4-Co alkyl.
2. The compound according to claim 1, wherein R is C7-Co alky].

3. The compound according to claim 1 or 2, which is of the following formula VII:

4. An antioxidant, comprising the spiro bisphosphite based compound according to

any one of claims 1 to 3.

5. The antioxidant according to claim 4, which further comprises an anti-oxidizing

component selected from the group consisting of a hindered phenol anti-oxidizing component,
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a phosphorus based anti-oxidizing component, a sulfur based anti-oxidizing component, an

amine based anti-oxidizing component, and combinations thereof.

6. The antioxidant according to claim 4 or 5, which further comprises a hindered
phenol anti-oxidizing component selected from the group consisting of
tetrakis[methylene-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]methane,
octadecyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate,
1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate,
1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane,
1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene,
4.4'-isopropylidene-diphenol  (bisphenol  A), butylated hydroxyanisole (BHA),
N,N'-hexamethylene-bis-3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionamide, and

combinations thereof.

7. The antioxidant according to any one of claims 4 to 6, which further comprises a
phosphorus based anti-oxidizing component selected from the group consisting of
tris-(2,4-di-t-butylphenyl) phosphite, distearyl pentaerythritol diphosphite, trisnonylphenyl
phosphite, phenyl diisodecyl phosphite, diphenyl isodecyl phosphite, triphenyl phosphite,
trilauryl phosphite, alkyl (Ci2-Cis) bisphenol A phosphite, alkyl (Ci0) bisphenol A phosphite,
bis-(2,4-di-t-butylphenyl)  pentaerythritol  diphosphite, 2-butyl-2-ethyl-1,3-propanediol
2,4.6-tri-t-butylphenol ~ phosphite,  bis-(2,6-di-t-butyl-4-methylphenyl)  pentaerythritol
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diphosphite, bis-(2,4-di-t-butyl-6-methylphenyl) ethyl phosphite, 2,2'.2"-nitrilotriethanol

tris-(3,3',5,5'-tetra-tert-butyl-1,1'-biphenyl-2,2'-diyl)-phosphite, and combinations thereof.

8. A polymer composition, comprising:
a polymer; and
the spiro bisphosphite based compound according to any one of claims 1 to 3, or the

antioxidant according to any one of claims 4 to 7.

9. The polymer composition according to claim 8, wherein the amount of the spiro
bisphosphite based compound or the antioxidant is about 0.01 parts by weight to about 5 parts

by weight per 100 parts by weight of the polymer.

10. The polymer composition according to claim 8 or 9, wherein the amount of the
spiro bisphosphite based compound or the antioxidant is about 0.05 parts by weight to about

0.5 parts by weight per 100 parts by weight of the polymer.

11. The polymer composition according to any one of claims 8 to 10, wherein the
polymer is selected from the group consisting of polyesters, polyalkylphthalates,
polyurethanes, polysulfones, polyimides, polyphenylene ethers, styrene based polymers,
acrylate based polymers, polyamides, polyacetals, halogen containing polymers, polyolefins,

and combinations thereof.
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12. The polymer composition according to any one of claims 8 to 11, wherein the

polymer is a thermoplastic polymer.

13. The polymer composition according to any one of claims 8 to 12, wheremn the
polymer is a thermoplastic polymer selected from the group consisting of polyamide,
polyhydrocarbons, polyester, polycarbonate, polyethylene, polypropylene, polyethylene
terephthalate, polybutylene terephthalate, polystyrene, polyacrylate, poly(methyl
methacrylate), polyvinylchloride, polyphenylene oxide, polyoxymethylene, thermoplastic
polyolefins, thermoplastic elastomer, liquid crystal polymers, polyurethane, polyurea,
styrene-acrylonitrile copolymer, styrene-butadiene copolymer, acrylonitrile-butadiene-styrene

copolymer, and combinations thereof.

14. The polymer composition according to any one of claims 8 to 13, wherein the
polymer is a thermoplastic polymer selected from the group consisting of polyhydrocarbons,

polyester, and combinations thereof.

15. The polymer composition according to any one of claims 8 to 14, which turther
comprises an additive selected from the group consisting of a heat stabilizer, a filler, a
compatibilizer, a flame retardant, an UV absorber, a light stabilizer, a metal deactivator, a
nucleating agent, a plasticizer, a lubricant, an emulsifier, a pigment, a brightener, an antistatic

agent, a foaming agent, and combinations thereof.
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16. The polymer composition according to any one of claims 8 to 15, which comprises

a filler selected from the group consisting of glass fiber, calcium stearate, calcium carbonate,
silicates, talc, kaolin, mica, barium sulfate, silicon carbide, carbon black, silicon dioxide,
aluminum hydroxide, and combinations thereof, wherein the amount of the filler is about 0.01

parts by weight to about 50 parts by weight per 100 parts by weight ot the polymer.

26






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - abstract drawing

