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(54) POLYKETONE RESIN COMPOSITION HAVING OUTSTANDING WATER RESISTANCE

(57) The present invention relates to a polyketone resin composition and to a production method therefor; and relates
to a polyketone copolymer having outstanding water resistance, moisture-absorption rate and shock resistance, char-
acterised in that the polyketone copolymer comprises repeat units represented by general formulae (1) and (2) and has
an intrinsic viscosity of between 1.0 and 2.0 dl/g. Because of the outstanding moisture-absorption rate and shock re-
sistance, the present invention can be used in, inter alia, marine bolts, clips and holders, connectors, switches, bobbins,
sludge-treatment chains, cable ties, automotive fuel injection ports, green juicer screws, office partition frames and box
frames.

-[-CH2CH2-CO]x- (1)
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Description

Technical Field

[0001] The present invention relates to a polyketone resin composition having outstanding moisture-absorption rate
and shock resistance, and particularly produced by mixing para-aramid fiber, benzophenone, glass fiber, and etc. to
polyketone copolymer, and relates to a polyketone resin composition used as marine bolts, clips and holders, connector,
switches, bobbins, sludge-treatment chains, cable ties, automobile fuel inlets, green juicer screws, office partition frames,
box frames, and etc.

Background Art

[0002] Engineering plastics are widely used as interior and exterior material of vehicle such as wheel cover, radiator
grille, and fuel inlet, and material for electrical components such as copy machine and computer external case. Moreover,
recently as interest in health increased, the engineering plastics are widely used as component for drinking water such
as water purifier component, green juicer screw, and etc. Also, engineering plastics such as polyamide, polyester, and
polycarbonate, and etc. are used as main materials of chain for waste water treatment, marine cable tie, and etc. which
are related to environment especially water purifying industry.
[0003] However, the engineering plastics are not only excessively using raw material and polymerization process cost
but also having disadvantage such as not satisfying in properties such as moisture-absorption rate, water resistance,
shock resistance, and etc.
[0004] Polyketone is inexpensive material in raw material and polymerization process cost compared to general en-
gineering plastic materials such as polyamide, polyester, and polycarbonate.
[0005] Polyketone has excellent properties in moisture-absorption rate, water resistance, and shock resistance, and
etc. compared to the polyamide, the polyester, and the polycarbonate. Therefore, carbon monoxide known as polyketone
or polyketone polymer and a group of linear alternative polymer comprising at least one kind of ethylene unsaturated
hydrocarbon are gaining more interest. U.S. Patent No. 4,880,903 discloses carbon monoxide, ethylene, and other
olefin-based unsaturated hydrocarbon, for example, linear alternative polyketone terpolymer comprising propylene.
Polyketone polymer manufacturing method conventionally uses catalyst composition produced from GroupVIII metal
compound selected among palladium, cobalt, or nickel, anion of non-hydro halogen and strongon-hydrohalogentic acid,
and bidentate ligand of phosphorus, arsenic or antimon. U.S. Patent No. 4,843,144 discloses manufacturing method of
polymer of carbon monoxide and at least one ethylene unsaturated hydrocarbon using catalyst composition comprising
palladium compound, anion of non-hydro halogen with less than 6 pKa, and bidentate ligand of phosphorus.

Disclosure

Technical Problem

[0006] The present invention relates to a polyketone resin composition having outstanding water resistance, moisture-
absorption rate and shock resistance and to a production method therefor.
[0007] Polyketone resin composition of the present invention can be used as marine bolts, clips and holders, connectors,
switches, bobbins, sludge treatment chains, cable ties, components for drinking water, automobile fuel inlets, outside
mirror frames, automobile external wheel covers, automobile wheel accessories, automobile radiator end tanks, pressure
cooker clean covers, green juicer screws, gasket for accumulator, gasket for alkali battery, robot cleaner gears, office
partition frames, box frames, and etc.

Technical Solution

[0008] In order to achieve the objects of the present invention, the present invention provides a polyketone copolymer
having outstanding water resistance, moisture-absorption rate and shock resistance, as copolymer of repeating units
represented by the following general formulas (1) and (2) and intrinsic viscosity of the polyketone copolymer is 1.0 to
2.0 dl/g.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

(x and y are each mol% of formula (1) and (2) of the polyketone copolymer, and y/x is 0.03 to 0.3.)



EP 3 187 544 A2

4

5

10

15

20

25

30

35

40

45

50

55

[0009] The polyketone copolymer polymerization uses ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-
methoxyphenyl)phosphine) as catalysts ligand.
[0010] Meanwhile, the present invention if needed also mixes aramid resin, benzophenone, glass fiber, flame retardant,
additives to the polyketone copolymer.
[0011] Also, the present invention provides a manufacturing method produced by injection molding polyketone copol-
ymer of repeating unit shown as the general formulas (1) and (2), which y/x is 0.03 to 0.3.
[0012] Polyketone resin composition produced according to the present invention can be used as material of marine
bolts, clips and holders, connectors, switches, bobbins, sludge treatment chains, cable ties, automobile fuel inlets, green
juicer screws, office partition frames, and box frames.
[0013] Provided polyketone bolt produced by injection molding blend of glass fiber and linear alternative polyketone
comprising carbon monoxide and at least one kind of ethylene-based unsaturated hydrocarbon, and having moisture
absorption rate 2.0% or less and used for industrial use or marine use. The polyketone bolt has content of the polyketone
60 to 90 wt% and content of the glass fiber 10 to 40 wt%, and in condition of 50°C and relative humidity 90%, property
maintenance rate after water-absorption is 70% or more.
[0014] Provided polyketone molding product produced by injection molding linear alternative polyketone comprising
carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, and in forced wetting evaluation by
ME/ES Spec (MS211-44), decline rate of tensile strength and flexural strength is 20% or less. Intrinsic viscosity of the
polyketone is 1.0 to 2.0 dl/g, and ligand of catalyst composition used in polymerization of the polyketone is ((2,2-dimethyl-
1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), in forced wetting evaluation by ME/ES Spec
(MS211-44) the polyketone molding product, decline rate of flexural modulus is 30% or less, and the polyketone molding
product is tube fixing clip or tube fixing holder for attaching to car body.
[0015] Provided polyketone connector produced by injection molding a linear alternative polyketone comprising carbon
monoxide and at least one kind ethylene-based unsaturated hydrocarbon, and in forced wetting evaluation by US CAR
CLASS III, decline rate of flexural modulus is 30% or less and wear amount is 1.00 mm3/kg/km or less, and ligand of
catalyst composition used in polymerization of the linear alternative polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-di-
yl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), and intrinsic viscosity of the linear alternative polyketone is 1.0
to 2.0 dl/g.
[0016] Provided polyketone molding product for automobile fuel comprising polyketone composition features intrinsic
viscosity of polyketone is 1.0 to 2.0 dl/g, and ligand of catalyst composition used in polymerization of the polyketone is
((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).
[0017] Provided polyketone component for industrial use produced by injection molding blend comprising glass fiber,
flame retardant and linear alternative polyketone comprising carbon monoxide and at least one kind of olefin-based
unsaturated hydrocarbon, and having moisture-absorption rate less than 1.0%, and in criteria of the blend is total 100
weight%, the flame retardant is 2 to 20 weight%, and any one selected from group comprising halogen-based flame
retardant, phosphorous-based flame retardant, hydrated metal compound, silicon compound, silicate, alkali metallic salt,
and melamine-based flame retardant, and intrinsic viscosity of the polyketone is 1.0 to 2.0 dl/g, and in condition of
temperature 50°C and relative humidity 90%, after treatment for 24 hours, tensile strength maintenance rate is 80% or
more, and the polyketone component for industrial use is switch.
[0018] Provided polyketone bobbin of dimensional change rate less than 2.0%, and ligand of catalyst composition
used in polymerization of the polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphe-
nyl)phosphine), and in criteria of blend is total 100 weight%, the flame retardant is 2 to 20 weight%, moisture-absorption
rate is less than 2.0%, and in condition of temperature 50°C and relative humidity 90%, after treatment for 24 hours
tensile strength maintenance rate is 80% or more.
[0019] Provided polyketone chain produced by injection molding blend comprising glass fiber and linear alternative
polyketone polymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, and
maintenance rate of tensile strength after moisture absorption to tensile strength before moisture absorption is 70% or
more,and ligand of catalyst composition used in polymerization of the polyketone polymer is ((2,2-dimethyl-1,3-diox-
ane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), blend comprises polyketone polymer of 50 to 90
weight% and glass fiber of 10 to 50 weight%, intrinsic viscosity of polyketone polymer is 1.0 to 2.0 dl/g, and the polyketone
chain is used for waste water sludge treatment.
[0020] Provided cable tie produced by injection molding blend comprising 1 to 10 weight% of rubber and 90 to 99
weight% of linear alternative polymer comprising carbon monoxide and at least one kind of olefin-based unsaturated
hydrocarbon, and palladium catalyst remaining amount is 5 to 50 ppm, and molecular weight distribution is 1.5 to 2.5,
and the rubber is ethylene propylene diene monomer rubber, and ligand of catalyst composition in polymerization of the
linear alternative polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine),
intrinsic viscosity of the linear alternative polyketone polymer is 1.0 to 2.0 dl/g, in condition of 50°C and relative humidity
90% RH, moisture absorption rate is less than 1.0%, and impact strength measured in condition of 50°C and relative
humidity 90% RH to impact strength measured in condition of 25°C and relative humidity 65% RH is 85% or more.
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[0021] The present invention provides component for drinking water produced by injection molding blend comprising
linear alternative polyketone polymer comprising carbon monoxide and olefin-based unsaturated hydrocarbon, and
palladium catalyst remaining amount is 50 ppm or less, and molecular weight distribution is 1.5 to 2.5, and the blend
further comprises glass fiber 1 to 40 weight% and ligand of catalyst composition in polymerization of the linear alternative
polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), intrinsic viscos-
ity is 1.0 to 2.0 dl/g, impact strength of the component for drinking water is 10 kJ/m2 or more, in condition of 50°C and
relative humidity 90% RH, moisture absorption rate is less than 1.5%, and impact strength measured in condition of
50°C and relative humidity 90% RH to impact strength measured in condition of 25°C and relative humidity 65% RH is
85% or more.
[0022] Polyketone blend automobile fuel inlet has flexural strength of 80 MPa or more in condition of 50°C and relative
humidity 90%, and automobile fuel inlet in condition of 50°C and relative humidity 90% has 2.5% or less weight rate of
change, in criteria of blend total is 100 weight%, the mineral filter is 5 to 50 weight%, and the automobile fuel inlet in
condition of 50°C and relative humidity 90% in evaluation of rate of change to vertical direction or horizontal direction is
0.12% or less, and the mineral filter is any one selected among group comprising talc, kaolin, mica, wollastonite, TiO2-coat-
ed mica platelet, silica, alumina, borosilicate, and oxide.
[0023] The present invention provides polyketone outside mirror frame produced by injection molding blend mixed 10
to 50 weight% of glass fiber and 50 to 90 weight% of linear alternative polyketone comprising carbon monoxide and at
least one kind of olefin-based hydrocarbon, and in condition of 50°C and relative humidity 90%, moisture-absorption
rate is 2.0% or less, impact strength of outside mirror frame is 15 kJ/m2 or more, flexural strength is 80 MPa or more,
intrinsic viscosity is 1.0 to 2.0 dl/g, and molecular weight distribution is 1.5 to 2.5.
[0024] The present invention provides automobile external wheel cover produced by injection molding polyketone
blend comprising ABS and linear alternative polyketone copolymer comprising carbon monoxide and at least one kind
of olefin-based unsaturated hydrocarbon, and content of ABS is 5 to 35 weight% compared to the total weight, impact
strength of wheel accessory is 30 kJ/m2 or more, and absorption rate of the wheel accessory is 1.5% or less in condition
of 50°C and relative humidity 90%, impact strength maintenance rate of wheel accessory is 80% or more in 2 hr and
100°C after immersion of 35% of calcium chloride solution.
[0025] The present invention provides automobile radiator end tank produced by injection molding polyketone copol-
ymer, glass fiber, nylon 6I, and silane additives, intrinsic viscosity of polyketone copolymer is 1.0 to 2.0 dl/g, molecular
weight distribution is 1.5 to 2.5, the polyketone copolymer, glass fiber, nylon 6I, and silane additives in criteria of weight
ratio each mixed 50 to 74.9 weight%, 20 to 40 weight%, 5 to 20 weight%, and 0.1 to 10 weight%, and polyketone resin
composition in condition of temperature 50°C and relative humidity 90% in evaluation by ME/ES SPEC (MS211-47)
properties maintenance rate is 80% or more, and in condition of temperature 50°C and relative humidity 90% in evaluation
by ME/ES SPEC (MS211-47) product weight change of rate is 5.0% or less.
[0026] The present invention provides polyketone pressure cooker clean cover produced by injection molding blend
comprising glass fiber of 15 to 30 weight% and 70 to 85 weight% of linear alternative polyketone polymer comprising
carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, and palladium catalyst remaining
amount is 50 ppm and molecular weight distribution is 1.5 to 2.5, and ligand of catalyst composition in polymerization
is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), impact strength of pressure
cooker clean cover is 20 kJ/m2 or more, water absorption rate is 2% or less, in condition of temperature 50°C and relative
humidity 90%, in evaluation by ME/ES SPEC (MS211-47), change rate evaluation to vertical direction or horizontal
direction is 0.12% or less.
[0027] The present invention provides polyketone green juicer produced by injection molding linear alternative polyke-
tone comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, 80% or more tensile
strength maintenance rate after immersion for 10 days in acetic acid 3% solution, ethylene and propylene molar ratio is
9 to 24:1, intrinsic viscosity is 1.0 to 2.0 dl/g, molecular weight distribution is 1.5 to 2.5, ligand of catalyst composition in
polymerization is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).
[0028] The present invention provides gasket for accumulator produced by injection molding linear alternative polyke-
tone polymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, palladium
catalyst remaining amount is 50 ppm or less, molecular weight distribution is 1.5 to 2.5, ethylene and propylene molar
ratio is 9 to 24:1, intrinsic viscosity of polyketone polymer is 2.0 dl/g, water absorption rate of gasket for accumulator is
less than 1.0% in condition of temperature 50°C and relative humidity 90% RH, dimensional change rate after treatment
for 24 hours is less than 0.3% in 85°C and relative humidity 85% RH.
[0029] The present invention provides gasket for alkaline accumulator produced by injection molding blend and linear
alternative polyketone comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon,
palladium catalyst remaining amount is 50 ppm or less, molecular weight distribution is 1.5 to 2.5, and comprising polymer
55 to 70 weight%, Nylon 6 20 to 30 weight%, and rubber 10 to 15 weight%, and ethylene and propylene molar ratio is
9 to 24:1, the rubber is ethyloctane rubber, and water absorption rate of gasket for alkaline accumulator after immersion
for 7 days in 30°C is less than 4%.
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[0030] The present invention provides gear for robot cleaner produced by injection molding using tooth type mold in
condition of 70 to 80 bar pressure, 230 to 260°C temperature, and mold temperature of 150°C, and based on in criteria
of KS C IEC 60704-2-1, through semi-anechoic room measurement method measuring noise for 30 seconds, less than
90 dB, copolymer intrinsic viscosity is 1.0 to 2.0 dl/g and molecular weight distribution is 1.5 to 2.5.
[0031] The present invention provides office polyketone partition frame, ethylene and propylene molar ratio is 99:1 to
85:15, intrinsic viscosity of polyketone copolymer is 1.0 to 2.0 dl/g, ligand of catalyst composition used in polymerization
of polyketone copolymer is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine),
and impact strength of office polyketone partition frame is 20 kJ/m2.
[0032] The present invention provides polyketone box frame produced by injection molding blend comprising glass
fiber of 15 to 40 weight% and 60 to 85 weight% of linear alternative polyketone comprising carbon monoxide and at
least one kind of olefin-based unsaturated hydrocarbon, and palladium catalyst remaining amount is 5 to 50 ppm, and
molecular weight distribution is 1.5 to 3.0, and ethylene and propylene molar ratio is 99:1 to 85:15, intrinsic viscosity of
polyketone polymer is 1.0 to 2.0 dl/g, flexural strength of polyketone box frame is 220 MPa or more, and properties
maintenance rate after 48 hours deposition in hot water of 50°C is 85% or more.

Advantageous Effects

[0033] Polyketone resin composition according to the present invention is excellent in water-absorption rate, water
resistance, and shock resistance, so it can be used as a marine bolts, clips and holders, connectors, switches, bobbins,
sludge treatment chains, cable ties, automobile fuel inlets, green juicer screws, office partition frames, box frames.

Detailed Description of the Preferred Embodiments

[0034] While this invention has been described in connection with what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not limited to the disclosed embodiments, but, on the contrary,
is intended to cover various modifications and equivalent arrangements included within the spirit and scope of the
appended claims.
[0035] Polyketone according to the present invention is linear alternative structure, and unsaturated hydrocarbon per
one molecule comprises carbon monoxide. The polyketone is used as precursor and number of suitable ethylenically
unsaturated hydrocarbon is 20 or less and preferably 10 or less carbon atoms. Also, ethylenically unsaturated hydrocarbon
is ethane and α-olefin, for example, aliphatic such as propene, 1-butene, iso-butene, 1-hexene, 1-octene, or comprising
aryl substituent on another aliphatic molecular, especially aryl aliphatic comprising aryl substituent on ethylenically
unsaturated carbon atom. Examples of aryl aliphatic hydrocarbon among ethylenically unsaturated hydrocarbon are
styrene, p-methyl styrene, p-ethyl styrene, and m-isopropyl styrene. Polyketone polymer preferably used in the present
invention is copolymer of carbon monoxide and ethane or the second ethylenically unsaturated hydrocarbon having
carbon monoxide, ethane, and at least 3 carbon atoms, especially α-olefin-based terpolymer such as propene.
[0036] When the polyketone terpolymer is used as the main polymer component of blend of the present invention,
regarding each unit comprising the second hydrocarbon part in terpolymer, there are at least 2 units comprising ethylene
part. Number of units comprising the second hydrocarbon part is preferably 10 to 100.
[0037] The present invention provides box frame produced injection molding blend comprising 10 to 40 weight% of
glass fiber and 60 to 90 weight% of linear alternative polyketone polymer comprising carbon monoxide and at least on
olefin-based unsaturated hydrocarbon, and palladium catalyst remaining amount is 5 to 50 ppm, and molecular weight
distribution is 1.5 to 3.0.
[0038] In this case, diameter of the glass fiber is preferably 10 to 15 nm, but it is not limited thereto. If diameter of
glass fiber is less than 10 nm, glass fiber form can be changed and mechanical properties can be declined.
[0039] Moreover, the composition ratio by weight of the glass fiber to the total composition is preferably 10 to 40
weight%. If the glass fiber composition is less than 10 weight%, mechanical strength can be declined, and if it is more
than 40 weight%, extrusion and injection process workability can be declined.
[0040] According to the present invention, polymer chain of polyketone polymer is preferably shown in the following
general formula 1.

[formula 1] -[CO-(-CH2-CH2-)-]x-[CO-(G)]y-

[0041] In the formula 1, G is ethylenically unsaturated hydrocarbon, especially part obtained from ethylenically un-
saturated hydrocarbon having at least 3 carbon atoms, and x:y is preferably at least 1:0.01, and more preferably 99:1
to 85:15, if more than 85:15, mechanical properties can be declined.
[0042] In case of the y is 0, it can be shown as the following general formula 2, and becoming copolymer, the second
ethylenically unsaturated hydrocarbon is not included.
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[formula 2] -CO-(-CH2-CH2-)-

And

CO-(G)-

[0043] Unit of the formula 2 is randomly applied in the total polymer chain. Preferably y:x ratio is 0.01 to 0.5. Polymer
ring end, in other words "cap" is set according to what material exist in polymer manufacture or if polymer is purified or
how polymer is purified.
[0044] Number average molecular weight measured by gel penetration chromatography is preferably 100 to 200,000
and especially polyketone of 20,000 to 90,000 is preferable. Physical properties of polymer are set according to molecular
amount, according to whether polymer is copolymer or terpolymer, and in case of terpolymer according to character of
the second hydrocarbon. Ordinary melting point of polymer used in the present invention is 175°C to 300°C, and generally
210°C to 270°C. Limiting Viscosity Number (LVN) of polymer measured by standard viscosity measuring device and
HFIP (Hexafluoroisopropylalcohol) in 60°C is 0.5 dl/g to 10 dl/g, and preferably 1.0 dl/g to 2.0 dl/g. In this case, if Limiting
Viscosity Number is less than 0.5 dl/g, mechanical properties are declined, and if it is more than 10 dl/g, processability
is declined.
[0045] U.S. Patent No. 4,843,144 discloses preferable manufacturing method of polyketone polymer. In existence of
catalyst composition preferably produced from palladium compound (measured in water at 18°C), anion of nonhydro-
halogen acid of less than 6 pKa or preferably less than 2 pKa, and bidentate ligand of phosphorus, contacting carbon
monoxide and hydrocarbon monomer in polymerization condition, and produces polyketone polymer.
[0046] Polyketone manufacturing method can use liquefied polymerization implemented under alcohol solvent through
catalyst composition comprising carbon monoxide, olefin palladium compound, acid of 6 or less pKa, and bidentate
ligand compound of phosphorus. Polymerization reaction temperature is preferably 50 to 100°C and reaction pressure
is 40 to 60 bar. After polymerization of polymer, through purified process retrieving and remained catalyst composition
is removed by solvent such as alcohol or acetone.
[0047] In this case, for palladium compound, acetic acid palladium is preferable and the amount is preferably 10-3 to
10-1 1 mole. Examples of acid with less than 6 pKa are trifluoroacetic acid, p-toluenesulfonic acid, sulfuric acid, sulfonic
acid, and etc. In the present invention, trifluoroacetic acid is used and the amount is compared to palladium 6 to 20
equivalent weight. Also, bidentate ligand compound of phosphorus is preferably ((2,2-dimethyl-1,3-dioxane-5,5-di-
yl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), and the amount is compared to palladium 1 to 1.2 equivalent
weight.
[0048] The following statement explains polymerization of polyketone in detail.
[0049] Monoxide, ethylenically unsaturated compound, and one or more olefinically unsaturated compound, three or
more copolymer, especially monoxide-oriented repeating unit, and ethylenically unsaturated compound-oriented repeat-
ing unit, and propylenically unsaturated compound-oriented repeating unit are alternatively connected in structure of
polyketone, the polyketone is excellent in mechanical properties and thermal properties and processability, and having
high abrasion resistance, chemical resistance, and gas barrier ability, therefore, useful in a variety of applications. High
molecular weight of copolymer, terpolymer, or more copolymerized polyketone has higher processability and thermal
properties, and regarded as useful engineering plastic with excellent economic efficiency. Especially, having high abrasion
resistance used as component such as automobile gear, having high chemical resistance used as lining material of
chemical transport pipe, and having high gas barrier ability used as light weight gasoline tank. In addition, in case of
using ultra high molecular weight polyketone having 2 or more intrinsic viscosity in fiber, elongation of high magnification
is possible, fiber having high strength and high elasticity modulus oriented in elongation direction, and it is suitable
material in construction material and industrial material such as reinforcement of belt and rubber hose, and reinforcement
of tire cord and concrete.
[0050] Polyketone manufacturing method under the presence of (a) Group 9, Group 10 or Group 11 transition metal
compound, (b) organic metal complex catalyst comprising ligand having Group 15 element in polyketone manufacturing
method by terpolymerization of carbon monoxide, ethylenically and propylenically unsaturated compound among liquid
medium, the carbon monoxide, ethylene, and propylene liquefied polymerized in mixed solvent of alcohol (for example,
methanol) and water, and produces linear terpolymer, and for the mixed solvent, mixture of methanol 100 part by weight
and water 2 to 10 part by weight can be used. In mixed solvent if content of water is less than 2 part by weight, ketal is
formed and thermal stability can be declined in process, and if content of water is more than 10 part by weight, mechanical
properties of product can be declined.
[0051] In this case, for liquid medium, methanol, dichloromethane or nitromethane which were mainly used in con-
ventional polyketone manufacturing are not used, and mixed solvent comprising acetic acid and water is used. By using
mixed solvent of acetic acid and water for liquid medium in polykeone manufacture, manufacturing cost of polyketone
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is reduced and catalytic activity is enhanced.
[0052] In case of using mixed solvent of acetic acid and water for liquid medium, if concentration of water is less than
10 vol%, it impacts less in catalyst activity, and if concentration is more than 10 vol%, catalyst activity is rapidly increased.
Meanwhile, if concentration of water is more than 30 vol%, catalyst activity tends to decrease. Therefore, for liquid
medium, mixed solvent comprising acetic acid of 70-90 vol% and water of 10-30 vol% is preferably used.
[0053] In this case, catalyst comprises periodic table (IUPAC Inorganic Chemistry Nomenclature revised edition, 1989)
(a) Group 9, Group 10 or Group 11 transition metal compound, (b) ligand having Group 15 element.
[0054] Among Group 9, Group 10 or Group 11 transition metal compound (a), examples of Group 9 transition metal
compound are cobalt or ruthenium complex, carbon acid salt, phosphate, carbamate, sulfonate, and etc., specific ex-
amples are cobalt acetate, cobalt acetylacetate, ruthenium acetate, trifluoro-ruthenium acetate, ruthenium acetylacetate,
trifluoro-methane sulfonic acid, and etc.
[0055] Examples of Group 10 transition metal compound are nickel or palladium complex, carbon acid salt, phosphate,
carbamate, sulfonate, and etc., specific examples are nickel acetate, nickel acetylacetate, palladium acetate, trifluoro-
palladium acetate, palladium acetylacetate, palladium chloride, bis(N,N-diethyl carbamate)bis(diethylamine)palladium,
palladium sulfate, and etc.
[0056] Examples of Group 11 transition metal compound are copper or silver complex, carbon acid salt, phosphate,
carbamate, sulfonate, and etc., specific examples are copper acetate, trifluoro-copper acetate, copper acetylacetate,
silver acetate, trifluoro-silver acetate, silver acetylacetate, trifluoro-methane sulfonic silver, and etc.
[0057] Among them transition metal compound (a) preferable in cost and economically are nickel and copper com-
pound, transition metal compound (a) preferable in the yield and molecular weight of polyketone is palladium compound,
and in terms of enhancing catalyst activity and intrinsic viscosity using palladium acetate is most preferable.
[0058] Examples of ligand having Group 15 atom (b) are nitrogen ligand such as 2,2’bipyridyl, 4,4’-dimethyl-2,2’bipy-
ridyl, 2,2’-bi-4-picoline,2,2’-bikinoline, and phosphorus ligand such as 1,2-bis(diphenylphosphino)ethane, 1,3-bis(diphe-
nylphosphino)propane, 1,4-bis(diphenylphosphino)butane, 1,3-bis[di(2-methyl)phosphino]propane, 1,3-bis[di(2-isopro-
pyl)phosphino]propane, 1,3-bis[di(2-methoxyphenyl)phosphino]propane, 1,3-bis[di-methoxy-4-sodium sulfonate-phe-
nyl)phosphino]propane,
1,2-bis(diphenylphosphino)cyclohexane,1,2-bis(diphenylphosphino)benzene, 1,2-bis[[diphenylphosphino]methyl]ben-
zene, 1,2-bis[[di(2-methoxyphenyl)-phosphino]methyl]benzene, 1,2-bis[[di(2-methoxy-4-sodium sulfonate-phenyl)phos-
phino]methyl]benzene, 1,1’-bis(diphenylphosphino)ferrocene, 2-hydroxy-1,3-bis[di(2-methoxyphenyl)phosphino]pro-
pane, 2,2-dimethyl-1,3-bis[di(2-methoxyphenyl)phosphino]propane, and etc.
[0059] Among them, preferable the ligand having Group 15 element (b) is a phosphorous ligand having Group 15
element, especially in terms of the yield of polyketone the preferable phosphorous ligand is 1,3-bis[di(2-methoxyphe-
nyl)phosphino]propane, 1,2-bis[[di(2-methoxyphenyl)phosphino]methyl]benzene, in terms of molecular weight of polyke-
tone preferably 2-hydroxy-1,3-bis[di(2-methoxyphenyl)phosphino]propane, in terms of safety and not needing organic
solvent preferably water soluble 1,3-bis[di(2-methoxy-4-sodium sulfonate-phenyl)phosphino]propane, 1,2-bis[[di(2-
methoxy-4-sodium sulfonate-phenyl)phosphino]methyl]benzene, in terms of economic aspect and synthesis is easy
preferably 1,3-bis(diphenylphosphino)propane, 1,4-bis(diphenylphosphino)butane. Preferable ligand having Group 15
element (b) is 1,3-bis[di(2-methoxyphenyl)phosphino]propane or 1,3-bis(diphenylphosphino)propane, and most prefer-
ably 1,3-bis[di(2-methoxyphenyl)phosphino]propane or ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-
methoxyphenyl)phosphine).

[0060] ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) of formula 3 shows
the same activity expression as 3,3-bis-[bis-(2-methoxyphenyl)-phosphonylmethyl]-1,5-dioxa-spiro[5,5]undecane which
is known as showing highest activity among polyketone polymerization catalyst introduced until now, and the structure
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is simpler and molecular weight is lower. Therefore, the present invention obtains highest activity as polymerization
catalyst in relevant field, and providing novel polyketone polymerization catalyst with lower manufacturing cost and
production cost. Manufacturing method of ligand for polyketone polymerization catalyst is as follows. Using bis(2-meth-
oxyphenyl)phosphine, 5,5-bis(bromomethyl)-2,2-dimethyl-1,3-dioxane and sodium hydride (NaH) and obtaining ((2,2-
dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) features manufacturing method of
ligand for polyketone polymerization catalyst. Manufacturing method of ligand for polyketone polymerization catalyst of
the present invention is different from conventional synthesis method of 3,3-bis-[bis-(2-methoxyphenyl)phosphonylme-
thyl]-1,5-dioxa-spiro[5,5]undecane as under safe environment not using lithium through simple process, ((2,2-dimethyl-
1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) can be commercially mass-synthesized.
[0061] ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) of formula 3 shows
the same activity expression as 3,3-bis-[bis-(2-methoxyphenyl)phosphonylmethyl]-1,5-dioxa-spiro[5,5]undecane which
is known as showing highest activity among polyketone polymerization catalyst introduced until now, and the structure
is simpler and molecular weight is lower. Therefore, the present invention obtains highest activity as polymerization
catalyst in relevant field, and providing novel polyketone polymerization catalyst with lower manufacturing cost and
production cost. Manufacturing method of ligand for polyketone polymerization catalyst is as follows. Using bis(2-meth-
oxyphenyl)phosphine, 5,5-bis(bromomethyl)-2,2-dimethyl-1,3-dioxane and sodium hydride(NaH) and obtaining ((2,2-
dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) features manufacturing method of
ligand for polyketone polymerization catalyst. Manufacturing method of ligand for polyketone polymerization catalyst of
the present invention is different from conventional synthesis method of 3,3-bis-[bis-(2-methoxyphenyl)phosphonylme-
thyl]-1,5-dioxa-spiro[5,5]undecane as under safe environment not using lithium through simple process, ((2,2-dimethyl-
1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) can be commercially mass-synthesized.
[0062] In a preferred embodiment, manufacturing method of ligand for polyketone polymerization catalyst of the present
invention goes through (a) a step of inserting bis(2-methoxyphenyl)phosphine and dimethylsulfoxide (DMSO) to reaction
vessel under nitrogen atmosphere and adding sodium hydride in room temperature and stirring; (b) a step of adding
5,5-bis(bromethyl)-2,2-dimethyl-1,3-dioxane and dimethylsulfoxide to obtained mixed solution and stirring and reacting;
(c) a step of after completing reaction inserting methanol and stirring; (d) a step of inserting toluene and water after
separating layer, cleaning oil layer with water and drying with anhydrous sodium sulfate, pressure filtering and pressure
concentration; and (e) a step of recrystallizing residue under methanol and obtaining ((2,2-dimethyl-1,3-dioxane-5,5-
diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).
[0063] The amount of Group 9, Group 10, or Group 11 transition metal compound (a) differs suitable value according
to selected ethylenically and propylenically unsaturated compound type or different polymerization condition, so the
range is not uniformly limited, but conventionally capacity of reaction zone is 0.01 to 100 mmol per liter, and preferably
0.01 to 10 mmol. Capacity of reaction zone refers to capacity of liquid phase of reactor. The amount of ligand (b) is not
limited, but transition metal compound (a) per 1mol is conventionally 0.1 to 3 mol and preferably 1 to 3 mol.
[0064] Moreover, adding benzophenone could be another feature in polymerization of the polyketone.
[0065] In the present invention, in polymerization of polyketone by adding benzophenone, it can achieve effects of
enhancing intrinsic viscosity of polyketone. The (a) Group 9, Group 10 or Group 11 transition metal compound and
benzophenone molar ratio is 1: 5 to 100, preferably 1: 40 to 60. If transition metal and benzophenone molar ratio is less
than 1:5, effects of enhancement in intrinsic viscosity of polyketone is not satisfactory, and if transition metal and ben-
zophenone molar ratio is more than 1:100, catalyst activity of produced polyketone tends to decrease therefore not
preferable.
[0066] Examples of ethylenically unsaturated compound polymerized with carbon monoxide are ethylene, propylene,
1-butene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, α-olefin such
as vinyl cyclohexane; alkenyl aromatic compound such as styrene, α-methyl styrene; cyclopentane, norbornene, 5-
methyl norbornene, tetracyclododecene, tricyclo dodecane, tricyclo undecene, pentacyclopentadecene, pentacyclohex-
adecene, 8-ethyltetracyclododecene; halogenation vinyl such as vinyl chloride; acrylic ester such as ethyl acrylate and
methyl acrylate. Among them preferable ethylenically unsaturated compound is α-olefin, and more preferably α-olefin
with carbon number of 2 to 4, and most preferably ethylene, in terms of producing terpolymer polyketone inserting 120
mol% of propylene.
[0067] In this case, adjusting carbon monoxide and ethylenically unsaturated compound inserting ratio to 1:12 (molar
ratio), and adjusting propylene to 120 mol% to the total mixed gas are preferable. In case of manufacturing polyketone,
it is general to make carbon monoxide and ethylenically unsaturated compound inserting ratio to 1:1, but in the present
invention wherein acetate and water is used as mixed solvent for liquid medium and adding benzophenone in polymer-
ization, in the case of making carbon monoxide and ethylenically unsaturated compound inserting ratio to 1:12 and
adjusting propylene 120 mol% to the total mixed gas not only enhances processability but also simultaneously achieves
enhancement in catalyst activity and intrinsic viscosity. In case of the inserting amount of propylene is less than 1 mol%,
it can no attain effects of terpolymer to lower melting temperature, and in the case of the inserting amount of propylene
is more than 20 mol%, problem occurs such as impediment in enhancing intrinsic viscosity and catalyst activity, so it is
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preferable to adjust inserting ratio to 120 mol%.
[0068] Moreover, in the process, for liquid medium, mixed solvent of acetate and water is used, and adding benzo-
phenone in polymerization, and by inserting carbon monoxide and ethylenically unsaturated compound and one or more
olefin-based unsaturated compound not only polyketone catalyst activity and intrinsic viscosity enhance but also it is
possible to produce terpolymer polyketone having high intrinsic viscosity by setting polymerization time for 12 hours,
and this is different from conventional technology which set polymerization time for at least 10 hours to enhance intrinsic
viscosity.
[0069] Terpolymer of carbon monoxide, the ethylenically unsaturated compound and propylenically unsaturated com-
pound occurs by organic metal complex catalyst comprising the Group 9, Group 10 or Group 11 transition metal compound
(a), ligand having Group 15 element (b), and the catalyst is formed by contacting to the 2 component. Contacting method
can be selected arbitrary. In other words, among suitable solvent, solution mixed 2 components in advance can be used,
or each 2 components can separately be provided to polymerization system and contact in polymerization system.
[0070] For polymerization method, solution polymerization method using liquid medium, suspension polymerization
method, gas phase polymerization which impregnate high concentration catalyst solution to small polymer. Polymeri-
zation can be batch or continuous. Reactor used in polymerization can be used as the known or by processing. In regard
of polymerization temperature there is no limit, generally 40°C to 250°C, preferably 50°C to 180°C is adopted. If reaction
temperature is less than 40°C, reaction doesn’t progress as polymerization reaction is not good, and if reaction temper-
ature is more than 250°C, side reaction such as oligomer or monomer manufacture and decomposition reaction actively
occurs than polymerization reaction of high molecular, so polyketone yield decreases. In regard of pressure in polym-
erization there is no limit, but generally the atmospheric pressure or 20 MPa, preferably 4 to 15 MPa. In pressure less
than the atmospheric pressure, speed of polymerization reaction is very low, and in pressure more than 20 MPa, problem
such as increasing side reaction rate occurs.
[0071] Polyketone of the present invention is preferable to have content of Pd element less than 50 ppm. If content
of Pd element is more than 50 ppm, because of residual Pd element, thermal denaturation and chemical denaturation
can easily occur, and in case of melting molding, viscosity of melting molding increases, and in case of dissolving in
solvent, viscosity of doping material increases and causes poor processability. Also, in polyketone molding product
which is obtained after molding, much Pd element is remained and causes poor thermal resistance of molding product.
Content of Pd element in polyketone from the point of view of process passing property and thermal resistance of molding
product is the better the lesser, preferably less than 10 ppm, and more preferably less than 5 ppm, and most preferably
0 ppm.
[0072] In the present invention, shortly before ending polyketone polymerization reaction, inserting bidentate ligand
of phosphine series of 3 to 20 times of catalyst amount, after polymerization reaction remained catalyst (Pd) is combined
to ligand of phosphine series and made not to be active, when reaction ends, during pressure, making polymerization
reaction not to occur, and having effects of decreasing molecular weight distribution. Also, after polymerization reaction
of combined compound, by cleaning it with methanol solvent reduces Pd content in polyketone and preventing polyketone
deterioration or discoloration. In case of insertion amount of bidentate ligand of phosphine series is 3 times less than
catalyst amount, ligand which combines with catalyst doesn’t combine well, thereby polymerization reaction becomes
active, and in case of insertion amount of bidentate ligand of phosphine series is 20 times more than catalyst amount,
there is problem such as cost for removing and cleaning ligand increases. Insertion amount of bidentate ligand of
phosphine series is preferably 3 to 10 times, and more preferably 3 to 5 times.
[0073] Monomer unit is in alternately, thereby polymer comprises formula -(CO)-A’- (wherein A’ is monomer unit
oriented from applied monomer A) unit, one or more olefin-based unsaturated compound (simply shown as A) and high
molecular weight linear polymer of carbon monoxide can produce monomer by contacting catalyst composition solution
containing palladium in diluted solution which polymer doesn’t dissolve. During polymerization process, polymer is
obtained in form of suspension in diluted solution. Polymer manufacture is mainly done by batchwise.
[0074] Batch manufacture of polymer is conventionally adopting catalyst in reactor containing diluted solution and
monomer and having desired temperature and pressure. As polymerization is in progress, pressure decreases, and
concentration of polymer in diluted solution increases, and viscosity of suspension increases. Viscosity of suspension,
for example until it reaches at high value which occurs difficulty in heat removal, polymerization continues. During batch
polymerization manufacture, by adding monomer to reactor during polymerization, not only temperature but also pressure
can be maintained constantly.
[0075] Linear alternative polyketone is formed according to polymerization method stated above.
[0076] Hereinafter, the constitution and the effects of the present invention will be described in detail with reference
to Examples and Comparative Examples. These Examples are provided only for the illustrative purpose, and it should
not be construed that the scope of the invention is limited thereto.
[0077] The intrinsic viscosity and the catalytic activity of the polyketone was evaluated in the same manner as the
following method.
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(1) Intrinsic viscosity

[0078] After dissolving polymerized resin in concentration of 0.01g/100ml∼1g/100ml (m-cresol) in 60°C thermostat for
1 to 5 hours, by using Ubelode viscometer, measuring viscosity in 30°C. After plotting the viscosity according to the
concentration (plot) one, it is obtained by extrapolating the inherent viscosity.

Catalyst activity

[0079] It is calculated by polymerized resin weight/palladium weight·time(kg/g-Pd·hr)

[polymerization example 1]

Palladium acetate 0.0140g

[0080] ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) of 0.0399 g is dis-
solved in acetone 100 ml with benzophenone 0.5694 g. The mixed solution dissolves in mixed solvent of methanol 2249
ml and water 417 ml, and the solution removes air by vacuum, and inserted in nitrogen substituted stainless autoclave.
After sealing autoclave, stirring contents in speed of 800 rpm and heating, when temperature reaches 70°C, ethylene/pro-
pylene/ carbon monoxide (partial pressure=46/4/50) is added until internal pressure of autoclave is 80 bar. Maintaining
internal temperature 70°C and internal pressure 80 bar, continuing agitation for 2 hours. After cooling, gas in autoclave
is spread, and contents are taken out. Reaction solution is filtered, washing acetone, ethanol, methanol several times,
pressure drying in room temperature to 80°C, and obtains polymer 168.4 g. From 13C-NMR and IR result, the polymer
is verified as polyketone comprising carbon monoxide oriented repeating unit and ethylene and proplene oriented re-
peating unit.
[0081] Catalyst activity is 12.5 kg/gPd·hr and intrinsic viscosity is value of 1.4 dl/g. Melting index measuring result is
33 g / 10 min and melting temperature results 220°C.
[0082] NY66 used as material of conventional connector has higher impact strength during water absorption than in
dry state. (10 kJ/m2, dry : 5 kJ/m2). For impact improvement of connector, NY material increases impact strength by
forced wetting process, but as impact strength of polyketone itself is high, wetting process can be deleted. Therefore,
in the present invention, by deleting wetting process connector manufacture process can be simplified and because of
this economic feasibility can be obtained in connector manufacture process.
[0083] Number average molecular weight measured by gel penetration and chromatography is preferably 100 to
200,000 especially 20,000 to 90,000 of polyketone polymer. Physical properties of polymer according to molecular
weight, according to whether polymer is copolymer or terpolymer, or in case of terpolymer, it is determined according
to properties of the second hydrocarbon portion. Polymer used in the present invention has conventional melting point
of 175°C to 300°C, and generally 210°C to 270°C. Limiting Viscosity Number (LVN) of polymer measured by using
standard viscosity measuring device with HFIP (Hexafluoroisopropylalcohol) in 60°C is 0.5 dl/g to 10 dl/g, and preferably
1 dl/g to 2 dl/g. In case of limiting viscosity number of polymer is less than 0.5, polyketone mechanical properties and
chemical properties decline, and in case of limiting viscosity number of polymer is more than 10, moldability declines.
[0084] Meanwhile, polyketone molecular weight distribution is preferably 1.5 to 2.5, more preferably 1.8 to 2.2. If
molecular weight distribution is less than 1.5, polymerization transference number declines, and if molecular weight
distribution is more than 2.5, moldability declines. In order to adjust the molecular weight distribution adjusting propor-
tionately according to palladium catalyst amount and polymerization temperature is possible. In other words, if palladium
catalyst amount increases, or polymerization temperature is more than 100°C, molecular amount distribution increases.
[0085] Linear alternative polyketone is formed according to polymerization method stated above.
[0086] Polyketone polymer of the present invention is polyketone copolymer of y/x 0.03 to 0.3. x and y in the following
formula indicate each mol% in polymer.

-(CH2CH2-CO)x- formula (1)

-(CH2CH(CH3)-CO)y- formula (2)

[0087] Copolymer comprising repeating unit shown as formula (1) and (2) of the present invention, y/x is preferably
0.03 to 0.3. If the y/x is less than 0.05, there are limits such as melting property and processability decline, and if the y/x
is more than 0.3, mechanical properties decline. Moreover, y/x is more preferably 0.03 to 0.1. Also, melting point of
polymer can be adjusted by adjusting ratio of ethylene and propylene of polyketone polymer. For example, in case of
molar ratio of ethylene : propylene : carbon monoxide is adjusted to 46 : 4 : 50, melting point is approximately 220°C,
and if molar ratio is adjusted to 47.3 : 2.7 : 50, melting point is adjusted to 235°C.
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[0088] Polyketone terpolymer produced according to the present invention is excellent in moisture absorption rate,
water resistance, and shock resistance, and applied in a variety of products such as components for industrial use and
marine use. Specifically, it can be used in electrical components such as connectors, bobbins, cable ties, gasket for
accumulator, gasket for alkali battery, and interior and exterior materials of vehicle such as automobile fuel inlets,
automobile outside mirror frames, automobile external wheel covers, automobile radiator end tanks, cup holders, and
etc. Moreover, polyketone terpolymer can be applied in marine industrial field such as sludge treatment chains and water
purifier components, and household goods field such as pressure cooker clean covers, green juicer screw, office partition
frames, and box frames.
[0089] Polyketone of the present invention can be used alone, but in order to enhance water-absorption rate, water
resistance, and shock resistance, para-aramid fiber, benzophenone, glass fiber, flame retardant, and other additives
can be mixed and blended.
[0090] The para-aramid fiber is added to enhance water resistance, compared to 100 parts by weight of polykertone
terpolymer 5 to 50 parts by weight is added, preferably 10 to 50 parts by weight, more preferably 20 to 50 parts by weight.
If added para-aramid fiber content is less than 5 parts by weight, water-absorption rate and water-resistance of polyketone
resin composition decline, and if it is more than 50 parts by weight, mechanical properties such as shock resistance and
modability, and etc. can decline.
[0091] The benzophenone is for enhancing intrinsic viscosity in polymerization of polyketone, the (a) Group 9, Group
10 or Group 11 transition metal compound and benzophenone molar ratio is 1 : 5 to 100, preferably 1 : 40 to 60. If
transition metal and benzophenone molar ratio is less than 1:5, effects of enhancement in intrinsic viscosity of produced
polyketone is not satisfactory, and if transition metal and benzophenone molar ratio is more than 1:100, catalyst activity
of produced polyketone tends to decrease.
[0092] Diameter of the glass fiber is preferably 10 to 13 nm. If diameter of glass fiber is less than 10 nm, glass fiber
form is changed, thereby mechanical properties decline. In regard of content added compared to 100 parts by weight
of polyketone terpolymer 30 to 35 parts by weight is preferably included. If content of glass fiber is less than 30 parts by
weight, mechanical strength can be decreased, and if it is more than 35 parts by weight, viscosity drastically increase,
thereby extrusion and injection workability decrease and exterior quality decline.
[0093] The flame retardant comprises 2 to 20 parts by weight compared to 100 parts by weight of polyketone terpolymer.
If flame retardant is less than 2 parts by weight, flame resistance declines, and if flame retardant is more than 20 parts
by weight, flame resistance is excellent but price increase and mechanical properties can be declined. Meanwhile, types
of flame retardant used are halogen-based retardant, phosphorus-based retardant, hydrated metal compound, silicone
compound, silicate, alkali metal salt, melamine-based flame retardant.
[0094] The other additives is added to increase processability or properties of polyketone terpolymer, and can comprise
antioxidant, stabilizer, filter, fire resisting material, parting agent, coloring, and etc. By extrusion molding or injection
molding the polyketone, office polyketone partition frame can be produced. In this case, polyketone of the office polyketone
partition frame has strong shock resistance, in polyketone base state, measured impact strength is 20 kJ/m2 or more.
[0095] The present invention provides box frame produced by injection molding blend comprising 10 to 40 weight%
of glass fiber and 60 to 90 weight% of linear alternative polymer comprising carbon monoxide and at least one kind of
olefin-based unsaturated hydrocarbon, palladium catalyst remaining amount is 5 to 50 ppm, molecular weight distribution
is 1.5 to 3.0.
[0096] In this case, diameter of the glass fiber is preferably 10 to 15 nm, but it is not limited thereto. If diameter is less
than 10 nm, glass fiber form is changed and can decrease mechanical properties.
[0097] Also, the glass fiber composition compared to the total composition ratio is preferably 10 to 40 weight%. In
case of composition ratio of the glass fiber is less than 10 weight%, mechanical strength can be declined, in case of
composition ratio of the glass fiber is more than 40 weight%, problem such as degradation of excursion and injection
workability.
[0098] ABS (Acrylonitrile-Butadiene-Styrene) is copolymer obtained by polymerizing acrylonitrile, butadiene, and sty-
rene. It is light ivory-colored solid, easily coloring and good in surface gloss, excellent in mechanical and electrical
properties and chemical properties, and mainly used as surface material of home and office electronic products and
surface material of automobile.
[0099] In the present invention, ABS comprises butadiene of 50 to 80%. Preferably, ABS comprising butadiene of 60
to 70% is used.
[0100] In manufacturing method, it is general to blend copolymer of acrylonitrile and butadiene and copolymer of
styrene and butadiene, composition resin having simultaneously each property of copolymer is obtained. If copolymer
component combination is different, performance of product subtly changes and combination changes according to use.
Generally, it is easily processed, has greater shock resistance and good heat-resisting property.
[0101] According to the present invention, content of ABS is compared to total weight 5 to 35 weight%. Preferably, 10
to 30 weight%, and more preferably 15 to 25 weight%. If the content of ABS is less than 5 weight%, impact strength is
low and wheel cover is not appropriate, and if 35 weight% or more, chloride calcium resistance which is a feature of
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polyketone becomes low and processability becomes not good.
[0102] In the present invention, in order to reinforce the linear alternative polyketone heat-resisting property, by mixing
nylon 6I, polyketone resin composition is produced, and amount of added nylon 6I is preferably 5 to 20 weight% compared
to 50 to 74.5 weight% of polyketone copolymer. If it does not reach 5 weight%, heat-resisting property is not excellent,
and if it is more than 20 weight%, problems such as declining of polyketone shock resistance and abrasion resistance
occur. Preferable content is 10 weight% compared to 50 to 74.9 weight% of polyketone copolymer.
[0103] In the present invention, in order to reinforce mechanical properties such as shock resistance of the linear
alternative polyketone, silane additive is inserted. The silane additive is preferably inserted 0.1 to 10 weight% compared
to 50 to 74.9 weight% of copolymer. If it does not reach 0.1 weight%, mechanical properties are not good, and if it is
more than 10 weight%, mechanical properties do not enhance any more. Most preferable amount of additives is 0.3
weight% compared to 70 to 80 weight% of polyketone copolymer.
[0104] In the present invention, green juicer screw adheres food ingredients to filter installed in device case for grinding
or extraction, and in terms of screw grinding and extracting food ingredients, the screw is divided into joint having axis
of rotation combining device for grinding or extraction, carrying section formed consecutively in the joint and carries food
ingredients, grinding section grinding food ingredients carried by the carrying unit, and compression section compressed
food ingredients grinded by the grinding section, each of the section consecutively formed a plurality of spiral blade for
carrying, grinding, and compressing food ingredients, spiral blade of the grinding section is formed at least two stage.
[0105] Also, spiral blade of the grinding section among at least two stage, stage formed in the front is formed lower
than stage formed in the rear, the rear of spiral blade of the grinding section is formed downward sidling. One side of
spiral blade of the grinding section is projecting in front and another side is formed sidling in the rear. Moreover it can
comprise stepped portion supporting the grinding or extraction formed in end of the combination. Also, the material
comprising screw uses polyketone composition blending polyketone and glass fiber.
[0106] The following statement describes manufacturing method for producing polyketone composition product of the
present invention.
[0107] Manufacturing method according to the present invention comprises a step of preparing catalyst composition
comprising palladium compound, acid with 6 or less pKa, bidentate ligand compound of phosphorus; a step of preparing
mixed solvent(polymerization solvent) comprising alcohol(for example, methanol) and water; a step of producing linear
terpolymer of carbon monoxide, ethylene, and propylene in process of polymerization under the presence of the catalyst
composition and mixed solvent; a step of yielding polyketone polymer by removing remained catalyst composition with
solvent(for example, alcohol and acetone) in the linear terpolymer; a step of producing blend by mixing and compressing
the polyketone polymer of 60 to 90 weight% and glass fiber of 10 to 40 weight%; and a step of injection molding the
blend, but it is not limited thereto.
[0108] For the palladium compound comprising the catalyst composition, palladium acetate can be used, and the
amount is preferably 10-3 to 10-1, but it is not limited thereto.
[0109] In addition, for acid having 6 or less pKa value comprising the catalyst composition is in group of trifluoro
acetate, p-toluenesulfonic acid, sulfuric acid, and sulfonic acid, one or more kind selected, preferably trifluoro acetate
can be used, and the amount is preferably 6 to 20 mol equivalent to palladium compound.
[0110] Moreover, bidentate ligand compound of the phosphorous comprising the catalyst composition is any one
selected in group of 1,3-bis[diphenylphosphino]propane, 1,3-bis[di(2-methoxyphenylphosphino)]propane, 1,3-bis[bis[an-
isyl]phosphinomethyl-1,5-dioxaspiro[5,5]undecane, and ((2,2-dimetyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-
methoxyphenyl)phosphine), and the amount is preferably 1 to 20 (mol) equivalent to palladium compound.
[0111] The carbon monoxide, ethylene and propylene liquefied polymerized in mixed solvent of alcohol (for example,
methanol) and water, and produces linear terpolymer, for the mixed solvent, methanol 100 parts by weight and water 2
to 10 parts by weight can be used. If content of water in mixed solvent is less than 2 parts weight, ketal is formed and
thermal stability can be declined in process, and if it is more than 10 parts by weight, mechanical properties of product
can be declined.
[0112] Also, in the polymerization, reaction temperature is preferably 50 to 100°C and reaction pressure is preferably
40 to 60 bar. Produced polymer is retrieved through filtering and cleaning process after polymerization, and remained
catalyst composition is removed by solvent such as alcohol or acetone.
[0113] Content of Pd element in polyketone of the present invention is preferably 50 ppm or less. If content of Pd
element is more than 50 ppm, thermal degeneration and chemical degeneration can be easily occurred, in case of
melting molding, viscosity of melting increases, and in case of dissolving in solvent, viscosity of doped material increases
and workability becomes poor. Also in polyketone molding product obtained after molding, much Pd element is remained,
thereby heat-resisting property in molding product becomes poor. Content of Pd element among polyketone is the lower
the better in aspect of process passing property and heat-resisting property of molding product, preferably 10 ppm or
less, and more preferably 5 ppm or less, and most preferably 0 ppm.
[0114] In the present invention, the obtained polyketone polymer is mixed with glass fiber, compressed with extruder,
and finally obtains blend composition. The blend is inserted to biaxial extruder and produced by melting, mixing, and
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pressing.
[0115] In this case, extrusion temperature is preferably 230°C to 260°C, and rotation speed of screw is preferably in
realm of 100 to 300 rpm. If extrusion temperature is less than 230°C, mixing cannot occur properly, and if extrusion
temperature is more than 300 rpm, glass fiber is destroyed and mechanical properties can decline.
[0116] Blend is produced according to the method, by pressing molding or injection molding, polyketone composition
product can be produced.
[0117] Gasket for accumulator according to the present invention has effects of increasing heat-resisting property and
properties maintenance rate. Specifically, the gasket for accumulator has less than 1.0% water-absorption rate in 50 °C
and relative humidity 90% RH, and dimensional change rate is less than 0.3% after processing 24 hours in 85°C and
relative humidity 85% RH.
[0118] The present invention provides gasket for alkali battery produced by injection molding blend of 20 to 30 weight%
of nylon 6, 10 to 15 weight% of rubber and 55 to 70 weight% of linear alternative polyketone polymer comprising carbon
monoxide and at least one kind of olefin-based unsaturated hydrocarbon, which palladium catalyst remaining amount
in the polyketone polymer is 50ppm or less, and molecular weight of the polyketone polymer distribution is 1.5 to 2.5.
[0119] The gasket for alkali battery according to the present invention is immersed for 7 days in 30°C, and water-
absorption rate is less than 4%.
[0120] Robot cleaner gear according to the present invention injection molded polyketone polymer through mold of
tooth type. Conditions of the injection molding are 70 to 80 bar of pressure, 230 to 260°C of temperature, and under
mold temperature condition of 150°C are preferable. If injection temperature is less than 230°C, mixing could not occur
properly, and if injection temperature is more than 260°C, problems such as heat-resisting property of resin can occur.
[0121] The present invention provides box frame produced by injection molding blend comprising glass fiber 15 to 40
weight% and linear alternative polyketone polymer 60 to 85 weight% comprising carbon monoxide and at least one kind
of olefin-based unsaturated hydrocarbon, palladium catalyst remaining amount is 5 to 50 ppm, and molecular weight
distribution is 1.5 to 3.0.
[0122] Hereinafter, specific examples and a more detailed description of the configuration and effects of the present
invention as well as comparative examples are given, these embodiments are provided just for understanding more
clearly the present invention and are not intended to limit the scope of the invention. The detailed description of the
present invention, by the non-limiting Examples below.

Example 1

[0123] Linear alternative polyketone terpolymer comprising carbon monoxide and ethylene and propene, under pres-
ence of catalyst composition produced from palladium acetate, trifluoro acetate, and 1,3-bis[bis(2-methoxyphenyl-phos-
phino]propane is produced. In the produced polyketone terpolymer, ethylene and propane molar ratio is 85 to 15. Also,
the melting point of the polyketone terpolymer is 220°C, LVN measured by HFIP (hexa-fluoroisopropanol) in 25°C is 1.3
dl/g, and MI (Melt index) is 48 g / 10 min. The produced polyketone terpolymer of 70 weight% and glass fiber of 30
weight% operates by 250 rpm in diameter of 2.5 cm, by using biaxial screw of L/D=32, on extruder, therefore pellet is
produced.

Comparative Example 1

[0124] Resin produced by blending polyamide 66 and glass fiber of 30 weight% as material of conventional DuPont
company.

Property Evaluation

[0125] After producing specimen by injection molding polyketone resin composition pellet, compared to product of
comparative example, property is evaluated as follows, the result is shown in the following table 1.

1) Tensile strength: operated based on ASTM D638

2) Flexural strength: operated based on ASTM D790

3) After water absorption, tensile strength and flexural strength maintenance rate

4) Specimen produced based on ASTM D638 and D79056 is processed for 48 hours in 50°C and in 90% RH, tensile
strength and flexural strength maintenance rate is evaluated.
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[0126] Property evaluation of example and comparative example is as following table 1.

Conditions of water absorption: 50°C, 90% RH, 48 hr processing

[0127] As shown in Table 1, in case of Example 1 compared to comparative example 1, water resorption is low and
properties maintenance rate after water absorption is evaluated excellent.

Example 2

[0128] Linear alternative polyketone terpolymer comprising carbon monoxide and ethylene and propene, under pres-
ence of catalyst composition produced from palladium acetate, trifluoro acetate, and ((2,2-dimethyl-1,3-dioxane-5,5-
diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine) is produced. In the produced polyketone terpolymer, ethylene
and propane molar ratio is 46 to 4. Also, the melting point of the polyketone terpolymer is 220°C, LVN measured by
HFIP (hexa-fluoroisopropanol) in 25°C is 1.4 dl/g, and MI (Melt index) is 48 g / 10 min. The produced polyketone terpolymer
operates by 250 rpm in diameter of 2.5 cm, by using biaxial screw of L/D=32, on extruder, therefore pellet is produced,
and by injection molding specimen of tube fixing clip for attaching to car body is produced.

Comparative Example 2

[0129] Except for using Nylon 66 material and producing, it is the same as Example 2.

Properties Evaluation

[0130] Tensile strength, elongation at break, flexural strength, flexural modulus and impact strength of the specimens
of Examples and Comparative Examples were evaluated by forced wet evaluation with ME/ES Spec (MS211-44).

[0131] According to Table 2, compared to the comparative example, in Example 1, the tensile strength and flexural
strength were maintained at 100% and 90% in the forced wet evaluation, and the decrease rate in the forced wet
evaluation was 20% or less, and the retention rate of flexural modulus was 71 %, and the rate of decrease in flexural

Table 1

Example 1 Comparative Example 1

Composition Polyketone+glass fiber (30 
weight%)

Nylon66+glass fiber (30 
weight%)

Tensile strength (MPa) 160 175

Flexural strength (MPa) 230 235

Water absorption 1.0% 3.0%

After water absorption, tensile strength 
(maintenance rate %)

138 (89%) 98 (56%)

After water absorption, flexural strength 
(maintenance rate)

198 (86%) 122 (52%)

Table 2

Analysis item Unit PK example 2 NY66 comparative example 2

0 hr 240 hrs Retention rate 0 hr 240 hrs Retention rate

Tensile strength MPa 60 60 100% 80 38 48%

Elongation at break % 250 110 44% 40 290 725%

Flexural strength MPa 60 54 90% 110 32 29%

Flexural modulus MPa 1,400 1,000 71% 2,900 590 20%

Impact strength KJ/m2 10 15 150% 6.5 NB -
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modulus was 30% or less. Thus, the polyketone of the present invention is superior to nylon 66 for use as a clip and
holder for body attachment and tube fixing.

Example 3

[0132] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.2 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0. The polyketone
terpolymer prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and
L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for connector.

Example 4

[0133] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0. The polyketone
terpolymer prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and
L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for connector.

Example 5

[0134] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0. The polyketone terpolymer
prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and L/D = 32,
which was operated at 250 rpm, and then injection molded to produce a specimen for connector.

Example 6

[0135] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 1.8. The polyketone
terpolymer prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and
L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for connector.

Example 7

[0136] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
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prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.2. The polyketone
terpolymer prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and
L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for connector.

Comparative Example 3

[0137] Specimens were prepared in the same manner as in Example 3 except that Polyamide 66 (PA 66) was used
as a material of DuPont.

Comparative Example 4

[0138] Specimens were prepared in the same manner as in Comparative Example 3 except that polybutylene tereph-
thalate (PBT) was used as a material of Samyang Corporation.

Properties Evaluation

[0139] The pellets prepared in Examples 3 to 7 and Comparative Examples 3 and 4 were injection molded to prepare
connector specimens, and the properties were evaluated in the following manner. The results are shown in Table 3 below.

1. Flexural modulus: It was conducted according to ASTM D790 under the forced wet condition of USCAR CLASS III.
USCAR CLASS III Forced wet conditions: 95% RH, 145°C 3 1008 hr (ambient temp. Range from -40°C to 125°C
and potential peak temp is 145°C)
2. Ring-on-Ring Type (Resin): A through-type specimen having an outer diameter of 25.6 mm, an inner diameter
of 20 mm and a height of 15 mm was injection-molded and fixed to a test apparatus. The test is carried out under
driving conditions with a linear velocity of 10 cm/s. At this time, non-abrasion amount was calculated using the
following formula to evaluate abrasion resistance. The smaller the amount of non-abrasion obtained, the better the
abrasion resistance.

* Test equipment: Trust type (Friction type abrasion tester)

[0140] As shown in Table 3, in Examples 3 to 7, the rate of decrease of the flexural modulus was low in the forced
wet evaluation evaluation as compared with Comparative Examples 3 and 4, and it is more suitable as a polyketone
connector than conventional connectors because of low abrasion resistance.

Example 8

[0141] In the presence of the catalyst composition consisting of palladium acetate, anion of trifluoroacetic acid and
(2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), the linear terpolymer of carbon
monoxide, ethylene and propylene was polymerized in a solvent of 70 to 90 ° C in the presence of 5 parts by weight of

Table 3

Evaluation items Comparative 
Example 3

Comparative 
Example 4

Example 
3

Example 
4

Example 
5

Example 
6

Example 
7

Rate of decrease 
in flexural modulus 
(%)

73 62 21 23 22 21 22

Wear amount 
(mm3/kg/km)

10.2 11.2 0.60 0.62 0.63 0.61 0.60
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water relative to 100 parts by weight of methanol. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46:4. On the other hand, the melting point of the polyketone terpolymer was 220°C, and the intrinsic
viscosity (LVN) measured on 1,1,1,3,3,3-HFIP was 1.4 dl/g.
[0142] 70 wt% of the polyketone terpolymer prepared above and 30 wt% of para-aramid staple were blended to prepare
a polyketone composition.

Example 9

[0143] The same as in Example 8 except that 60 wt% of polyketone terpolymer and 40 wt% of para-aramid staple
were used.

Example 10

[0144] The same as in Example 8 except that 80 wt% of polyketone terpolymer and 20 wt% of para-aramid staple
were used.

Comparative Example 5

[0145] A specimen was prepared in the same manner as in Example 8 except that 80 wt% of PA66 of RADO Co. and
20 wt% of para-aramid staple were used.

Properties Evaluation

[0146] The prepared polyketone compositions of the above examples were prepared as test pieces, and the properties
were evaluated by the following methods in comparison with the products of the comparative examples. The results are
shown in Table 4 below.
1. Evaluation of water resistance: After holding the specimen for 30 days at 90 °C and relative humidity of 95% RH, the
maintenance rate of tensile strength before and after standing was evaluated according to ASTM D638.

[0147] As shown in Table 4, in the case of Examples, water resistance was superior to Comparative Example 5.
[0148] Therefore, the polyketone compositions prepared in Examples 8 to 10, rather than Comparative Example 5,
were evaluated to be suitable for use as thermoplastic plastics for use in the bar industry having excellent water resistance.

Example 11

[0149] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.2 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0150] 70 wt% of the polyketone terpolymer, 22 wt% of glass fiber and 8 wt% of a flame retardant were put into an
extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a temperature of 240°C
and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce a specimen for switch.
After that, the physical properties were evaluated by the following methods, and the results are shown in Table 5 below.

Table 4

Example 8 Example 9 Example 10 Comparative 
Example 5

Furtherance PK70%/ Para-
aramid 30%

PK60%/ Para-
aramid 40%

PK80%/ Para-
aramid 20%

PK100%

the maintenance rate of 
tensile strength (%)

80 81 85 40
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Example 12

[0151] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0152] 70 wt% of the polyketone terpolymer, 22 wt% of glass fiber and 8 wt% of a flame retardant were put into an
extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a temperature of 240°C
and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce a specimen for switch.
After that, the physical properties were evaluated by the following methods, and the results are shown in Table 5 below.

Example 13

[0153] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0154] 70 wt% of the polyketone terpolymer, 22 wt% of glass fiber and 8 wt% of a flame retardant were put into an
extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a temperature of 240°C
and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce a specimen for switch.
After that, the physical properties were evaluated by the following methods, and the results are shown in Table 5 below.

Example 14

[0155] 70 wt% of the polyketone terpolymer from Example 2, 28 wt% of glass fiber and 2 wt% of a flame retardant
were put into an extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a
temperature of 240°C and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce
a specimen for switch. After that, the physical properties were evaluated by the following methods, and the results are
shown in Table 5 below.

Example 15

[0156] 65 wt% of the polyketone terpolymer from Example 2, 15 wt% of glass fiber and 20 wt% of a flame retardant
were put into an extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a
temperature of 240°C and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce
a specimen for switch. After that, the physical properties were evaluated by the following methods, and the results are
shown in Table 5 below.

Comparative Example 6

[0157] Specimens of switch were prepared using 67 wt% of PA66 of Rhodda Co. and 33 wt% of glass fiber and A218V30.

Properties Evaluation

[0158] The manufactured pellets of the above examples were injection molded to produce industrial switch specimens.
The properties of the industrial switch specimens were evaluated in the following manner in comparison with the products
of the comparative examples. The results are shown in Table 5 below.

1. Evaluation of moisture absorption: Measurement of moisture content after treatment for 24 hours at a temperature
of 50°C and a relative humidity of 90%

2. Evaluation of properties maintenance rate:
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1) Treatment at 50°C and 90% relative humidity for 24 hours

2) Tensile properties evaluation: tensile strength measurement according to ASTM D638

3) Calculate the maintenance rate from physical properties immediately after injection

[0159] As shown in Table 5, the water absorption rate of the Example was lower than that of Comparative Example
6, and the properties maintenance rate was significantly higher. Particularly, the moisture absorption rate was less than
1.0% and the tensile strength maintenance rate (properties maintenance rate) after moisture absorption was 80% or
more. Thus, the specimens prepared through the examples rather than the comparative examples were found to be
more advantageous for use as industrial parts and switches.

Example 16

[0160] In the presence of the catalyst composition consisting of palladium acetate, anion of trifluoroacetic acid and
(2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine), the linear terpolymer of carbon
monoxide, ethylene and propylene was polymerized in a mixed solvent consisting of 80% by volume of acetic acid and
20% by volume of water at 70 to 90°C. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 85:15. On the other hand, the melting point of the polyketone terpolymer was 220°C, and the intrinsic viscosity
(LVN) measured on 1,1,1,3,3,3-HFIP was 1.4 dl/g.
[0161] 70 wt% of the polyketone terpolymer, 22 wt% of glass fiber and 8 wt% of a flame retardant were put into an
extruder using a twin-screw extruder of L/D32 and D40 and extruded through melt-kneading at a temperature of 240°C
and a screw rotation speed of 250 rpm to prepare pellets, and then injection molded to produce a specimen for bobbin.
After that, the physical properties were evaluated by the following methods compared to the products of Comparative
Example, and the results are shown in Table 6 below.

Example 17

[0162] The same as in Example 16 except that 70 wt% of the polyketone terpolymer, 28 wt% of glass fiber and 2 wt%
of a flame retardant were used.

Example 18

[0163] The same as in Example 16 except that 60 wt% of the polyketone terpolymer, 20 wt% of glass fiber and 20
wt% of a flame retardant were used.

Comparative Example 7

[0164] PA66 Glass Fiber 33% of Rhodia Co. and A218V30 products were used.

Properties Evaluation

[0165] The prepared pellets of the above examples were injection-molded to prepare bobbin specimens. The properties
of the specimens were evaluated in the following manner in comparison with the products of the comparative examples,
and the results are shown in Table 6 below.

1. Evaluation of moisture absorption: Measurement of moisture content after treatment for 24 hours at a temperature

Table 5

Item Example 11 Example 12 Example 13 Example 14 Example 15 Comparative 
Example 6

moisture absorption 
rate

0.50% 0.45% 0.47% 0.44% 0.53% 3.0%

properties 
maintenance rate

83% 85% 84% 81% 80% 50%
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of 50°C and a relative humidity of 90%

2. Evaluation of properties maintenance rate:

1) Treatment at 50°C and 90% relative humidity for 24 hours

2) Tensile properties evaluation: tensile strength measurement according to ASTM D638

3) Calculate the maintenance rate from physical properties immediately after injection

3. Evaluation of dimensional change rate

[0166] Treated at 300°C for 2 hours by ASTM D-638, and the width of the parallel portion of the specimen for bobbin
before and after the treatment was measured by a slide caliper to observe the dimensional change.

[0167] As shown in Table 6, in the case of Examples, the moisture absorption rate was low and the properties main-
tenance rate was higher than the comparative example.
[0168] Therefore, it was found that the bobbins manufactured through the examples were more advantageous for use
as the bobbins for the electronic devices than the comparative examples.

Example 19

[0169] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.2 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0170] A composition manufactured by mixing 70 wt% of the polyketone terpolymer and 30 wt% of glass fiber was
molded into pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D = 32, which was operated
at 250 rpm, and then injection molded to produce a specimen for chain. The prepared test specimen was injection-
molded on a molding machine having a mold clamping force of 80 tons to prepare a specimen for a chain, and then the
tensile strength was measured by the test method of ASTM D638, and the tensile strength after moisture absorption
was also measured.

Example 20

[0171] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0172] A composition manufactured by mixing 70 wt% of the polyketone terpolymer and 30 wt% of glass fiber was
molded into pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D = 32, which was operated
at 250 rpm, and then injection molded to produce a specimen for chain. The prepared test specimen was injection-
molded on a molding machine having a mold clamping force of 80 tons to prepare a specimen for a chain, and then the

Table 6

Item Example 16 Example 17 Example 18 Comparative Example 7

moisture absorption rate 0.45% 0.47% 0.46% 3.0%

properties maintenance rate (tensile strength) 85% 83% 81% 50%

dimensional change rate 1.2% 1.3% 1.5% 5.2%
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tensile strength was measured by the test method of ASTM D638, and the tensile strength after moisture absorption
was also measured.

Example 21

[0173] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0.
[0174] A composition manufactured by mixing 70 wt% of the polyketone terpolymer and 30 wt% of glass fiber was
molded into pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D = 32, which was operated
at 250 rpm, and then injection molded to produce a specimen for chain. The prepared test specimen was injection-
molded on a molding machine having a mold clamping force of 80 tons to prepare a specimen for a chain, and then the
tensile strength was measured by the test method of ASTM D638, and the tensile strength after moisture absorption
was also measured.

Example 22

[0175] Specimen for chain was prepared in the same manner as in Example 2 except that 50 wt% of the polyketone
terpolymer of Example 20 and 50 wt% of the glass fiber were used.

Example 23

[0176] Specimen for chain was prepared in the same manner as in Example 2 except that 90 wt% of the polyketone
terpolymer of Example 20 and 10 wt% of the glass fiber were used.

Comparative Example 8

[0177] PA66 Glass Fiber 33% of Rhoda Co., A218V30 product were used.
[0178] The properties of Examples and Comparative Examples were as-shown in Table 1 below.
[0179] Evaluation of properties maintenance rate:

1) Treatment at 50°C and 90% relative humidity for 24 hours

2) Tensile properties evaluation: tensile strength measurement according to ASTM D638

3) Calculate the maintenance rate from physical properties immediately after injection

[0180] As shown in Table 7, the tensile strength maintenance rate after moisture absorption was superior to the
comparative example in Examples, and the tensile strength after moisture absorption was greatly reduced in Comparative
Examples.

Table 7

Test Items Example 19 Example 20 Example 21 Example 22 Example 23 Example 8

The tensile strength 
Before moisture 

absorption (MPa)

160 162 161 150 169 186

The tensile strength after 
moisture absorption 

(MPa)

115 120 122 105 120 90

Maintenance rate (%) 72 74 76 70 71 48
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[0181] The chain for treating wastewater sludge is required to maintain mechanical properties after moisture absorption,
and the chain produced by the Example of the present invention is very suitable for application as a chain for treating
wastewater sludge which is excellent in properties maintenance after moisture absorption.

Example 24

[0182] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.0. A blend consisting
of 90 wt% of the polyketone terpolymer prepared above and 10 wt% of Rubber (EPDM) was molded into pellets on an
extruder using a twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection
molded to produce a specimen for cable tie.

Example 25

[0183] A specimen of cable tie was produced through the same procedure as in Example 24 except that a blend
containing 95 wt% of a polyketone terpolymer and 5 wt% of a rubber was used

Comparative Example 9

[0184] Nylon 66 resin was molded into a pellet on an extruder using a twin screw having a diameter of 40 cm and
operated at 250 rpm and L/D = 32, and then injection molded to produce a specimen of cable tie.

Properties Evaluation

[0185] The properties of the specimens prepared in Examples 24 and 25 and Comparative Example 9 were evaluated
by the following methods. The results are shown in Table 8 below.

1. Minimum operating temperature: measured according to UL 62275, PASS for temperatures below -40°C, and
NG for temperatures above -40°C.

2. Evaluation of water resistance properties maintenance rate: The specimens were treated under standard condi-
tions (25°C, 65% RH relative humidity, 24 hours) and high temperature and high humidity condition (50°C, 90% RH,
24 hours), according to ASTM D256 , and the average value of the measured values in five vertical and horizontal
directions was taken for each treated sample.

3. Evaluation of moisture absorptivity: The water content was measured after treatment for 24 hours at a temperature
of 50°C and a relative humidity of 90%.

[0186] As can be seen from the above Table 8, the examples showed improved water resistance (properties mainte-
nance rate of 85% or more) and product moisture absorption rate (less than 1.0%) as compared with the comparative
example.

Table 8

Example 24 Example 25 Comparative Example 9

Minimum operating temperature (-40°C) Pass Pass NG

Product water resistance (%, properties maintenance rate) 85 90 45

Product moisture absorption rate (%, 50°C, 90% RH) 0.9 0.8 3.0
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Example 26

[0187] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.2 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount
of palladium was 5 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for drinking water parts.

Example 27

[0188] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount
of palladium was 3 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for drinking water parts.

Example 28

[0189] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount of palladium
was 4 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a twin screw having
a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen
for drinking water parts.

Example 29

[0190] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 1.8 and the residual amount
of palladium was 5 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for drinking water parts.

Example 30

[0191] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
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and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.2 and the residual amount
of palladium was 6 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for drinking water parts.

Example 31

[0192] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount
of palladium was 7 ppm. A blend consisting 70 wt% of the polyketone terpolymer prepared above and 30 wt% of glass
fiber was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and L/D = 32, which was
operated at 250 rpm, and then injection molded to produce a specimen for drinking water parts.

Comparative Example 10

[0193] A blend consisting 70 wt% of nylon6 and 30 wt% of glass fiber was molded into pellets on an extruder using a
twin screw having a diameter of 40 cm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for drinking water parts.

Properties Evaluation

[0194] The physical properties of the specimens prepared in Examples 26 to 31 and Comparative Example 10 were
evaluated by the following methods, and the results are shown in Table 9 below.

1. Impact strength: Performed according to ASTM D256.

2. Evaluation of water resistance properties maintenance rate: The specimens were treated under standard condi-
tions (25°C, 65% RH relative humidity, 24 hours) and high temperature and high humidity condition (50°C, 90% RH,
24 hours), according to ASTM D256 , and the average value of the measured values in five vertical and horizontal
directions was taken for each treated sample.

3. Evaluation of moisture absorptivity: The water content was measured after treatment for 24 hours at a temperature
of 50°C and a relative humidity of 90%.

Table 9

Example 
26

Example 
27

Example 
28

Example 
29

Example 
30

Example 
31

Comparative 
Example 10

Properties IV : 1.2 
MWD : 

2.0

IV : 1.4 
MWD : 

2.0

IV : 1.6 
MWD : 

2.0

IV : 1.4 
MWD : 

1.8

IV : 1.4 
MWD : 

2.2

POK+GF NY6+GF

Impact Strength 
(kJ/m2)

11 14 17 15 15 15 5

Product water 
resistance (%, 

properties 
maintenance rate

85 86 87 89 90 90 52
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[0195] As can be seen from Table 9, the water resistance and impact strength of the examples were improved compared
with the comparative examples. Particularly in the case of the example of the present invention, when the impact strength
is 10 kJ/m2 or more, 50°C and relative humidity is 90% RH, the moisture absorption rate is less than 1.5%, and the
impact strength measured at 50°C and 90% RH is 85% or more of impact strength measured at 25°C and 65% RH,
which is excellent.

Example 32

[0196] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). The molar ratio of ethylene to propene in the polyketone
terpolymer prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured
at 25°C by HFIP (hexa-fluoroisopropanol) was 1.4 dl/g and the Melt index was 60 g / 10 min. 70 wt% of the polyketone
terpolymer prepared above and 30 wt% of mineral filler were molded into pellets on an extruder using a twin screw
having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a
specimen for automobile fuel inlet.

Example 33

[0197] The same as Example 32 except that 80 wt% of polyketone terpolymer and 20 wt% of mineral filler were used.

Example 34

[0198] The same as Example 32 except that 90 wt% of polyketone terpolymer and 10 wt% of mineral filler were used.

Comparative Example 11

[0199] 60 wt% of Polyamide 66 (PA 66) and 40 wt% of mineral filler were measured as the materials of DuPont, and
the properties maintenance rate after moisture absorption was measured.

Properties Evaluation

[0200] The prepared pellets of the above Examples were injection-molded to prepare test specimens for an automobile
fuel inlet. The properties of the specimens were evaluated in the following manner in comparison with the products of
the comparative examples, and the results are shown in Table 10 below.

1. Evaluation of strain rate: Evaluated according to MS211-47 for vertical and horizontal directions at a temperature
of 50°C and a relative humidity of 90%.

2. Evaluation of weight change rate: Evaluation was made according to MS211-47 at a temperature of 50°C and a
relative humidity of 90%.

3. Evaluation of properties maintenance rate of water resistance : Mechanical properties were measured by ME /
ES SPEC (MS211-47) after treatment at a temperature of 50°C and a relative humidity of 90% for 500 hours.

(continued)

Example 
26

Example 
27

Example 
28

Example 
29

Example 
30

Example 
31

Comparative 
Example 10

Product moisture 
absorption rate (%, 

50°C, 90% RH)

1.0 0.9 1.1 1.2 1.3 1.2 3.0
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[0201] As shown in Table 10, in the case of Examples, the strain rate was low in the evaluation of the product strain
rate in the vertical direction and the horizontal direction as compared with the comparative example, and the product
weight change rate was also lower than the comparative example, so it was evaluated as excellent. Therefore, the
automobile fuel inlet manufactured through the example of the present invention is excellent in water resistance and
dimensional stability, and is thus suitable for application as an automobile fuel inlet.

Example 35 to 37

[0202] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). The molar ratio of ethylene to propene in the polyketone
terpolymer prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured
at 25°C by HFIP (hexa-fluoroisopropanol) was 1.3 dl/g and the Melt index was 48 g / 10 min. 60 wt% of the polyketone
terpolymer prepared above and 40 wt% of glass fiber were molded into pellets on an extruder using a twin screw having
a diameter of 2.5 cm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen
for Outside mirror frame and properties maintenance rate was evaluated.
[0203] Outside mirror frame was prepared by injection molding a polyketone composition containing 50 wt% of polyke-
tone and 50 wt% of glass fiber and a polyketone composition containing 40 wt% of polyketone and 60 wt% of glass fiber
in a same way.

Comparative Example 12 to 13

[0204] The impact strength and the properties maintenance rate of a polyamide 6 (PA 6) of 50 wt%, a glass fiber of
50 wt%, a polyamide 66 (PA 66) of 37 wt% and a glass fiber of 63 wt% as a material of DuPont after moisture absorption
were measured.

Properties Evaluation

[0205] The prepared pellets of the above examples were injection-molded to produce specimens for an outside mirror
frame. Properties of the specimens were evaluated in the following manner in comparison with the products of the
comparative examples, and the results are shown in Table 11 below.

Table 10

Item Unit Comparative 
Example 11

Example 32 Example 33 Example 34

Evaluation of strain rate (Vertical, 50°C, 
Relative humidity 90%)

% 0.3 0.05 0.07 0.10

Evaluation of strain rate (Horizontal, 50°C, 
Relative humidity 90%)

% 0.25 0.02 0.04 0.07

Weight change rate (50°C, Relative humidity 
90%)

% 6.5 0.95 1.00 1.95

Properties maintenance rate of water 
resistance (tensile strength, 50°C, Relative 

humidity 90%)

MPa 39 63 59 56

Properties maintenance rate of water 
resistance (Flexural strength, 50°C, Relative 

humidity 90%)

MPa 65 95 96 97

Properties maintenance rate of water 
resistance (Flexural modulus, 50°C, Relative 

humidity 90%)

MPa 1980 2310 2320 2360

Properties maintenance rate of water KJ/ 6.4 7.1 8.0 8.3

resistance (Impact Strength, 50°C, Relative 
humidity 90%)

m2
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1. Evaluation of Izod impact strength: Performed according to ASTM D256.

2. Evaluation of Product moisture absorption rate: Moisture content was measured after 500 hours of treatment at
a temperature of 50°C and a relative humidity of 90%.

3. Evaluation of water resistance (properties maintenance rate): Water content was measured after 500 hours of
treatment at a temperature of 50°C and a relative humidity of 90%.

4. Flexural modulus evaluation: Flexural strength was evaluated in accordance with ASTM D790.

5. Tensile strength: Performed according to ASTM D638.

6. Flexural strength: Performed according to ASTM D790.

[0206] The properties of Examples and Comparative Examples were as shown in Table 11 below.

[0207] As shown in Table 11, the moisture absorptivity of the product was low, and it was evaluated to be very excellent
in that the properties maintenance rate after moisture absorption was high. Accordingly, the outside mirror frame man-
ufactured through the example of the present invention is very suitable for application as an outside mirror frame having
excellent impact resistance, water resistance and low moisture absorption rate.

Example 38

[0208] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). The molar ratio of ethylene to propene in the polyketone
terpolymer prepared above was 46 : 4.
[0209] The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-fluoroi-
sopropano) was 1.4 dl/g and the Melt index was 48 g / 10 min. 90 wt% of the polyketone terpolymer prepared above
and 10 wt% of ABS were molded into pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D =
32, which was operated at 250 rpm, and then injection molded to produce a specimen for automobile external wheel
cover. Their properties were evaluated in the following manner in comparison with the product of Comparative Example
14, and the results are shown in Table 12 below.

Example 39

[0210] The same as Example 38 except that 80 wt% of polyketone terpolymer and 20 wt% of ABS were used.

Comparative Example 14

[0211] The specimens for automobile external wheel cover were prepared by injection molding of pellets using Polya-
mide 66 (PA 66) as the material of DuPont, and then physical properties were evaluated. The results are shown in Table

Table 11

Division Mixing ratio moisture 
absorption rate

Tensile 
strength

Flexural 
strength

Flexural 
modulus

impact 
strength

% MPa MPa MPa KJ/m2

Comparative 
Example 12

PA6/GF50 4.64 39 43 32 30

Comparative 
Example 13

PA66/GF63 3.09 36 46 33 25

Example 35 PK/GF40 1.65 90 85 82 20

Example 36 PK/GF50 1.41 77 88 88 20

Example 37 PK/GF60 1.25 73 87 87 20
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12 below.

Properties Evaluation

[0212] The pellets prepared in Examples 38 and 39 were injection molded to prepare specimens for automobile external
wheel covers. The properties of the specimens were evaluated in the following manner in comparison with the products
of Comparative Example 14, and the results are shown in Table 12 below.

1. Evaluation of moisture absorption rate: Measurement of moisture absorption rate at 50°C and 90% RH

2. Evaluation of properties maintenance rate of calcium chloride resistance:

(1) immersing the prepared specimen in water at 100°C for 2 hours;

(2) cooling the immersed specimen at room temperature (RT) for 30 minutes;

(3) immersing the cooled specimen in a 35% calcium chloride solution at 100°C for 2 hours;

(4) cooling the immersed specimen at room temperature (RT) for 60 minutes;

After repeating the above steps (1) to (4) 20 times, tensile strength maintenance rate is measured.

3. Impact strength evaluation: Performed according to ASTM D256

[0213] As can be seen from Table 12, Example 38 showed lower water absorptivity than Comparative Example 14,
so that it had better water resistance and better resistance to calcium chloride, and thus was superior in chemical
resistance. Example 38 was superior to Comparative Example 14. Thus, Example 38 was found to be better for use as
an automobile external wheel cover.

Example 40

[0214] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). The molar ratio of ethylene to propene in the polyketone
terpolymer prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured
at 25°C by HFIP (hexa-fluoroisopropano) was 1.4 dl/g and the Melt index was 60 g / 10 min. 80 wt% of the polyketone
terpolymer prepared above and 20 wt% of ABS were molded into pellets on an extruder using a twin screw having a

Table 12

Item Unit PK(90):ABS(10) PK(80):ABS(20) NY66 High 
impact

Charpy Impact Strength(Room Temperature) kJ/m2 70 (Hinge break) 80 (Hinge break) 30

Charpy Impact Strength (-30°C) kJ/m2 9.5 13.8 5

tensile strength MPa 50 48 50

Tensile elongation % 71 137 40

Flexural strength MPa 52 48 80

Flexural modulus MPa 1,400 1200 2000

Product Moisture absorption rate (%, 50°C/90% 
RH)

% 1.1 1.2 3.5

product calcium chloride resistance (%, properties 
maintenance rate)

% 95 90 70
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diameter of 4 cm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for
automobile wheel accessary.

Example 41

[0215] A specimen for an automobile wheel accessary was prepared in the same manner as in Example 40 except
that 75 wt% of polyketone terpolymer and 25 wt% of ABS were used.

Example 42

[0216] The same as Example 40 except that the intrinsic viscosity of the polyketone terpolymer was adjusted to 1.1 dl/g.

Example 43

[0217] The same as Example 40 except that the intrinsic viscosity of the polyketone terpolymer was adjusted to 2.0 dl/g.

Comparative Example 15

[0218] As a material of DuPont, Polyamide 66 (PA 66) was used as the material of the pellet, and injection molding
was carried out to prepare specimens for automobile automobile wheel accessary.

Properties Evaluation

[0219] The specimens for automobile automobile wheel accessary prepared in Examples 40 and 41 were compared
with those of Comparative Example 15 to evaluate physical properties as follows. The results are shown in Table 13 below.

1. Evaluation of moisture absorption rate: Measurement of moisture absorption rate at 50°C and 90% RH.

2. Evaluation of properties maintenance rate of calcium chloride resistance:

(1) placing the prepared specimen on water at 100°C for 2 hours;

(2) cooling the immersed specimen at room temperature (RT) for 30 minutes;

(3) immersing the cooled specimen in a 35% calcium chloride solution at 100°C for 2 hours;

(4) cooling the immersed specimen at room temperature (RT) for 60 minutes;

After the above steps (1) to (4) are repeated 20 times, the properties maintenance rate of the impact strength is
measured.

3. Impact strength evaluation: Performed according to ASTM D256

4. Oil resistance: Oil absorption measurement after gasoline immersion of 50°C for 48 hours and 96 hours

Table 13

Item Unit Example 40 
PK(80):ABS 

(20)

Example 41 
PK(75):ABS 

(25)

Example 42 
PK(80):ABS 

(20)

Example 43 
PK(80):ABS 

(20)

Comparative 
Example 15 

PA66

Charpy Impact 
Strength (Room 
Temperature)

kJ/m2 32 38 30 35 6

Charpy Impact 
Strength (-30°C)

kJ/m2 8.8 11.8 7.8 9.2 4
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[0220] As can be seen from the above Table 13, the examples showed lower water absorptivity of the product than
Comparative Example 15, showing better water resistance, better resistance to calcium chloride and better chemical
resistance, was superior to Comparative Example 15. Therefore, the example is more excellent for use as an automobile
wheel accessary.

Example 44

[0221] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). The molar ratio of ethylene to propene in the polyketone
terpolymer prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured
at 25°C by HFIP (hexa-fluoroisopropanol) was 1.4 dl/g and the Melt index was 48 g / 10 min. 56.7 wt% of the polyketone
terpolymer prepared above, 33 wt% of glass fiber, 10 wt% of Nylon 61 and 0,3 wt% of silane additive were molded into
pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D = 32, which was operated at 250 rpm.

Comparative Example 16

[0222] A specimen was prepared for the mixed polyimide resin composition obtained by mixing 33 wt% of glass fiber
with 100 wt% of a polyimide resin mixed with 70 wt% of polyimide 66 (PA 66) and 30 wt% of polyimide 612 (PA 612)

Properties Evaluation

[0223] The prepared pellets of the above Examples were injection molded to prepare test specimens for automobile
radiator end tanks. The test specimens were evaluated in the following manner in comparison with the specimens of
the comparative examples. The results are shown in Table 14 below.

1. Evaluation of strain rate of product: Evaluated according to MS211-47 for vertical and horizontal directions at a
temperature of 50°C and a relative humidity of 90%.

2. Evaluation of weight change rate of product: Evaluation was made according to MS211-47 under conditions of
a temperature of 50°C and a relative humidity of 90%.

3. Water resistance properties maintenance rate: The impact strength was measured after treatment for 24 hours
at a temperature of 50°C and a relative humidity of 90%

4. Antifreeze resistance evaluation: Evaluation at 146°C for 144 hours

5. Evaluation of oil resistance: Antifreeze and Mission Oil were mixed and evaluated at 120°C for 144 hours

(continued)

Item Unit Example 40 
PK(80):ABS 

(20)

Example 41 
PK(75):ABS 

(25)

Example 42 
PK(80):ABS 

(20)

Example 43 
PK(80):ABS 

(20)

Comparative 
Example 15 

PA66

Product moisture 
absorption rate (%, 

50°C/90% RH)

% 0.9 1.0 0.9 0.9 3.5

Product calcium 
chloride resistance 

(%,properties 
maintenance rate)

% 95 90 95 95 65

Oil absorption 
(after 48 hours)

% 0.10 0.13 0.10 0.10 0.16

Oil absorption 
(after 96 hours)

% 0.13 0.17 0.13 0.13 0.20
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6. Evaluation of heat aging resistance test: Evaluation of calcium chloride aqueous solution at 120°C for 144 hours

[0224] As shown in Table 14, the strain rate of the product in the vertical and horizontal directions was lower than that
of the comparative example, and the weight change rate of product was also lower than that of the comparative example.
It was evaluated as excellent.
[0225] Particularly, the specimen of the polyketone resin composition was evaluated as ME / ES SPEC (MS211-47)
under the conditions of a fuel temperature of 50°C and a relative humidity of 90%, and the maintenance rate such as
antifreeze resistance, oil resistance, heat aging resistance and the like was 80% or more, which is excellent.
[0226] In addition, the product weight change rate evaluated by ME / ES SPEC (MS211-47) under the condition of
temperature 50 °C and relative humidity 90% was 5.0% or less, which is superior.
[0227] Accordingly, the automobile radiator end tank manufactured through the example of the present invention has
been found to be very suitable for use as an automobile radiator end tank because the it is excellent in water resistance,
dimensional stability, and chemical resistance.

Example 45

[0228] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, as a mixed solvent, 5 parts by weight of water relative to 100 parts by weight of
methanol and the two stages of the first stage at a polymerization temperature of 78°C and the second stage at 84°C
are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared above was 85 : 15. The
melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-fluoroisopropanol)
was 1.4 dl/g, the Melt index was 48 g / 10 min and the residual amount of palladium was 10 ppm.
[0229] A composition prepared by mixing 80 wt% of the polyketone terpolymer prepared above and 20 wt% of glass
fiber was molded into pellets on an extruder using a twin screw having a diameter of 2.5 cm and L/D = 32, which was
operated at 250 rpm, and then injection molded to produce a specimen for pressure cooker clean cover.

Example 46

[0230] The same as Example 45 except that 75 wt% of the polyketone terpolymer and 25 wt% of the glass fiber.

Comparative Example 17

[0231] 35 wt% of PPS and 65 wt% of glass fiber were added as a material of DuPont to prepare a composition. The
composition thus prepared was placed in a twin-screw (diameter: 2.5 cm, L/D = 32 to prepare pellets on an extruder,
followed by injection molding to prepare a pressure cooker clean cover specimen.

Comparative Example 18

[0232] 90 wt% of PC and 10 wt% of glass fiber were added as a material of DuPont to prepare a composition. The

Table 14

Item Example 44 Comparative Example 16

Evaluation of strain rate of product (Vertical, 50°C, relative humidity 90%) 0.05% 0.30%

Evaluation of strain rate of product (horizontal, 50°C, relative humidity 
90%)

0.02% 0.25%

weight change rate of product (50°C, relative humidity 90%) 0.95% 6.50%

Water resistance properties maintenance rate (50°C, relative humidity 
90%)

90% 50%

Antifreeze resistance 71% 38%

oil resistance 86% 59%

heat aging resistance 85% 61%
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composition thus prepared was placed in a twin-screw (diameter: 2.5 cm, L/D = 32 to prepare pellets on an extruder,
followed by injection molding to prepare a pressure cooker clean cover specimen.

Properties Evaluation

[0233] The pellets prepared in each of Examples 45 and 46 and Comparative Examples 17 and 18 were injection
molded to prepare polyketone pressure cooker clean cover specimens. The properties were evaluated in the following
manner, and the results are shown in Tables 15 and 16, respectively.

1. Evaluation of Izod impact strength: Performed according to ASTM D256.

2. Evaluation of product moisture absorption rate: Moisture content after 24 hours treatment at 50°C and 90% relative
humidity was measured

3. Water resistance properties maintenance rate: The impact strength was measured after treatment for 24 hours
at a temperature of 50°C and a relative humidity of 90%

4. Evaluation of Product strain rate (Dimension Evaluation): Evaluation was made according to MS211-47 for vertical
and horizontal directions at a temperature of 50°C and a relative humidity of 90%

5. Free fall evaluation: A clean cover manufactured in a real pressure rice cooker was mounted, and the water
cooking (water only and cooked) was repeated 250 times, and then the clean cover was freely dropped at 1 m to
check cracks, breakage and deformation

6. Evaluation of oil immersion: The clean cover was immersed in 120°C oil for 24 hours and then dropped freely at
1 m to confirm cracks, breakage, and deformation

[0234] Physical properties of Examples and Comparative Examples were as shown in Tables 15 and 16 below.

[0235] As shown in Tables 15 and 16, the impact strength of the examples was improved and the dimensional stability

Table 15

Item Example 45 Example 46 Example 17 Example 18

product moisture absorption rate (%, 50°C, 90%RH) 1.0 1.2 2.5 3.0

product water resistance (%, properties maintenance 
rate)

85 83 78 77

Impact strength (kJ/m2) 25 28 20 8

Evaluation of Product strain rate (vertical, 50°C, 
relative humidity 90%)

0.1 0.11 0.2 0.3

Evaluation of Product strain rate (horizontal, 50°C, 
relative humidity 90%)

0.09 0.1 0.3 0.4

Table 16

Division Evaluation items Free fall evaluation after 250 
times of water cooking

Free fall evaluation after immersion in 
120°C oil for 24 hours

Comparative 
Example 17

PPS/GFMF65% destruction Destruction

Comparative 
Example 18

PC/GF10% destruction Destruction

Example 45 PK/GF20% Non-destruction Non-destruction

Example 46 PK/GF25% Non-destruction Non-destruction
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was evaluated to be excellent because the strain rate was low in evaluation of the product strain rate in the vertical
direction and the horizontal direction. Also, it was nondestructive when evaluating free fall after oil immersion, and it was
non-destructed when free fall evaluation was performed after 250 times of water immersion, so both water resistance
and oil resistance were evaluated to be excellent. Therefore, the polyketone pressure cooker clean cover manufactured
through the example of the present invention is excellent in water resistance, oil resistance, impact resistance and
dimensional stability, and thus is suitable for application as a pressure cooker clean cover.

Example 47

[0236] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min and the MWD was 2.2. The polyketone
terpolymer prepared above was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and
L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for green juicer screws.

Example 48

[0237] The same as Example 47 except that the intrinsic viscosity of the polyketone was adjusted to 2.0.

Example 49

[0238] The same as Example 47 except that the MWD was adjusted to 1.8.

Example 50

[0239] The same as Example 47 except that the MWD was adjusted to 2.2.

Comparative Example 19

[0240] The same as Example 47 except that PEI was used as a material of DuPont Co. instead of polyketone.

Properties Evaluation

[0241] The prepared pellets of the above Examples were injection-molded to prepare test specimens for the green
juicer screws, and the properties were evaluated by the following methods in comparison with the products of the
comparative examples, and the results are shown in Table 17 below.

1. Evaluation of Izod impact strength: Performed according to ASTM D256.

2. Tensile strength evaluation: Performed according to ASTM D638.

3. Flexural strength: Performed according to ASTM D790.

4. Ring-on-Ring Type (Resin): A through-type specimen having an outer diameter of 25.6 mm, an inner diameter
of 20 mm and a height of 15 mm was injection-molded and fixed to a testing machine. The test is carried out under
the driving conditions of a press load of 6.6 kgf and a speed of 10 cm/s. At this time, non-abrasion amount was
calculated using the following formula to evaluate abrasion resistance. The smaller the amount of non-abrasion
obtained, the better the abrasion resistance. 
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* Test equipment: Trust type (Friction type abrasion tester)

5. Evaluation of acid resistance: The tensile strength maintenance rate of the specimen immediately after injection
molding and the tensile strength after immersion for 10 days in acetic acid 3% solution were measured according
to ASTM D638.

[0242] Physical properties of the examples and comparative examples were as shown in Table 17 below.

[0243] As shown in Table 17, the examples made of polyketone have excellent abrasion resistance with an abrasion
amount of less than 1 mm3/kg/km and excellent impact resistance with an impact strength of 50 kJ/m2 or more, the
tensile strength maintenance rate was measured to be 80% or more at a slightly acidic condition (3% acetic acid solution,
10 days immersion). Therefore, the green juicer screws manufactured through the example of the present invention has
excellent impact resistance, abrasion resistance, and acid resistance, and thus is well suited for application as a green
juicer screws.

Example 51

[0244] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount
of palladium was 3 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for gasket for accumulator.

Example 52

[0245] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount
of palladium was 4 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a
twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to
produce a specimen for gasket for accumulator.

Table 17

Division Tensile 
strength

Flexural 
strength

Impact 
strength

abrasion 
amount

acid resistance (tensile strength 
maintenance rate)

MPa MPa KJ/m2 mm3/kg/km %

Comparative 
Example 19

39 43 30 10.2 70%

Example 47 77 88 52 0.61 82

Example 48 90 85 50 0.65 85

Example 49 80 87 59 0.60 83

Example 50 79 85 55 0.63 81
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Example 53

[0246] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 72°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 2.0 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0 and the residual amount of palladium
was 5 ppm. The polyketone terpolymer prepared above was molded into pellets on an extruder using a twin screw having
a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen
for gasket for accumulator.

Comparative Example 20

[0247] Nylon 66 resin was molded into pellets on an extruder using a twin screw having a diameter of 40 mm and L/D
= 32, which was operated at 250 rpm, and then injection molded to produce a specimen for gasket for accumulator.

Properties Evaluation

[0248] The properties of the specimens prepared in Examples 51 to 53 and Comparative Example 20 were evaluated
in the following manner. The results are shown in Table 18 below.

1. Evaluation of moisture absorption rate: The water content was measured after treatment for 10 days at a tem-
perature of 50°C and a relative humidity of 90% RH.
2. Water Resistance Properties maintenance rate: The specimens were treated at 85°C and 85% RH at 24, and the
width of the parallel parts of the gasket specimens before and after treatment was measured by a slide caliper.

[0249] As can be seen from Table 18, the water absorption rate (less than 1.0%) and the dimensional change rate
(less than 0.3%) were lower in the examples than the comparative examples.
[0250] Therefore, the gasket according to the present invention is excellent in water resistance and dimensional
stability, and thus is very suitable for application to a accumulator.

Example 54

[0251] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. In the polyketone terpolymer prepared above, carbon monoxide was 50
mol%, ethylene was 46 mol%, and propylene was 4 mol%. The melting point of the polyketone terpolymer was 220°C,
the LVN measured at 25°C by HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD
was 2.0 and the residual amount of palladium was 5 ppm.
[0252] A composition prepared by mixing 61 wt% of the polyketone terpolymer prepared above, 26 wt% of Nylon 6
and 13 wt% of rubber (Ethyl Octane Rubber) was molded into pellets on an extruder using a twin screw having a diameter
of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen for gasket
for alkaline batteries.

Table 18

Item Example 51 Example 52 Example 53 Comparative Example 20

Moisture absorption rate (%) 0.97 0.99 0.98 1.78

Dimensional change rate (%) 0.29 0.27 0.26 0.31
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Example 55

[0253] A composition prepared by mixing 65 wt% of the polyketone terpolymer prepared same as Example 1, 23 wt%
of Nylon 6 and 12 wt% of rubber (Ethyl Octane Rubber) was molded into pellets on an extruder using a twin screw having
a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen
for gasket for alkaline batteries.

Example 56

[0254] A composition prepared by mixing 70 wt% of the polyketone terpolymer prepared same as Example 1, 20 wt%
of Nylon 6 and 10 wt% of rubber (Ethyl Octane Rubber) was molded into pellets on an extruder using a twin screw having
a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then injection molded to produce a specimen
for gasket for alkaline batteries.

Comparative Example 21

[0255] A composition prepared by mixing 30 wt% of the high impact nylon 66 resin and rubber was molded into pellets
on an extruder using a twin screw having a diameter of 40 mm and L/D = 32, which was operated at 250 rpm, and then
injection molded to produce a specimen for gasket for alkaline batteries.

Properties Evaluation

[0256] The properties of the specimens prepared in Examples 54 to 56 and Comparative Example 21 were evaluated
in the following manner. The results are shown in Table 19 below.

1. Evaluation of moisture absorption: The sample was treated at 30°C for 7 days, and the water content was measured.

[0257] As can be seen from the above Table 19, in the case of Examples, the water absorption rate was low (less
than 4%), so the water resistance was superior to the Comparative Example.
[0258] Therefore, the gasket according to the present invention is excellent in water resistance, and thus is very
suitable for application to alkaline batteries.

Example 57

[0259] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.2 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0.
[0260] The prepared polyketone terpolymer was injection molded using a mold of tooth form at a pressure of 70 to 80
bar, a temperature of 230 to 260 °C and a mold temperature of 150 °C to produce a gear.

Example 58

[0261] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer

Table 19

Item Example 54 Example 55 Example 56 Comparative Example 21

Moisture absorption (%) 3.8 3.9 3.7 7.4
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prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0.
[0262] The prepared polyketone terpolymer was injection molded using a mold of tooth form at a pressure of 70 to 80
bar, a temperature of 230 to 260 °C and a mold temperature of 150 °C to produce a gear.

Example 59

[0263] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP (hexa-
fluoroisopropanol) was 1.6 dl/g, the MI index was 60 g / 10 min, the MWD was 2.0.
[0264] The prepared polyketone terpolymer was injection molded using a mold of tooth form at a pressure of 70 to 80
bar, a temperature of 230 to 260 °C and a mold temperature of 150 °C to produce a gear.

Example 60

[0265] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 1.8.
[0266] The prepared polyketone terpolymer was injection molded using a mold of tooth form at a pressure of 70 to 80
bar, a temperature of 230 to 260 °C and a mold temperature of 150 °C to produce a gear.

Example 61

[0267] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 46 : 4. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MI index was 60 g / 10 min, the MWD was 2.2.
[0268] The prepared polyketone terpolymer was injection molded using a mold of tooth form at a pressure of 70 to 80
bar, a temperature of 230 to 260 °C and a mold temperature of 150 °C to produce a gear.

Comparative Example 22

[0269] A polyoxymethylene resin was used in place of the polyketone copolymer in the same manner as in Example 57.

Properties Evaluation

[0270]

1. Evaluation of dimensional stability, tensile strength and abrasion resistance: The polyketone copolymers prepared
in the above Examples and Comparative Examples were put into a twin screw extruder of L/D32 and D 40 without
injection molding, and extruded through melt kneading at a screw rotation speed of 250 rpm to prepare specimens.
The prepared specimens were evaluated for dimensional stability, tensile strength and abrasion resistance by the
following methods.

1) Dimensional stability evaluation: The strain rate of the product was evaluated according to MS211-47 for
vertical and horizontal directions at a temperature of 50°C and a relative humidity of 90%.
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2) Tensile strength evaluation: The tensile strength was measured based on JIS C 2318 using an evaluation
sample having a length of 200 mm and a width of 15 mm. The strength and elongation at break were measured
and the mean value at n = 5 was determined.

3) Evaluation of abrasion resistance: The weight loss was calculated at 25°C by using the thrust washer testing
apparatus shown in Fig. 1 for a gear having a tooth shape manufactured by the injection molding method of the
above example and comparative example, and the wear factor (KLNP) was calculated by the following equation. 

(V = speed (ft./min.), P = pressure (lbs./in2), T = elapsed time (hrs) and W is the weight loss divided by the density)

2. Noise evaluation: A tooth-shaped gear manufactured by the injection molding method of the above examples
and comparative examples was attached to a robot cleaner, and the average sound power level on the carpeted
floor was measured by measuring the noise for 30 seconds through an anechoic chamber measurement according
to standard of (KS C IEC 60704-2-1)

[0271] The polyketone copolymer according to the present invention exhibits excellent moisture resistance due to less
deformation of the product due to moisture absorption, great mechanical properties such as tensile strength and abrasion
resistance, as well as low noise, so it very suitable to be used as a gear of a robot cleaner.
[0272] The gear of the present invention is excellent at less than 90 dB when the noise is measured for 30 seconds
by the semi-anechoic chamber measurement according to the standard of KS C IEC 60704-2-1.

Example 62

[0273] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 11 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 80°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 85 : 15. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MWD was 2.0.
[0274] The polyketone terpolymer prepared above were molded into pellets on an extruder using a twin screw having
a diameter of 2.5 cm and L/D = 32, which was operated at 250 rpm, and then injection molded on a molding machine
having a mold clamping force of 80 tons to produce a specimen for partition frame.

Table 20

Item Example 57 Example 58 Example 59 Example 60 Example 61 Comparative 
Example 22

Product strain rate - 
vertical (50°C, RH 

90%)

0.05 0.05 0.04 0.05 0.05 0.15

Product strain rate - 
horizontal (50°C, RH 

90%)

0.02 0.02 0.02 0.02 0.02 0.08

Tensile strength (MPa) 85 82 80 78 82 44

Wear factor KLNP 136 140 133 141 148 280

noise (sound power 
level dBA)

82.1 83.1 80.4 83.1 85.5 110.4
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Example 63

[0275] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer
prepared above was 85 : 15. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by
HFIP (hexa-fluoroisopropanol) was 1.6 dl/g, the MWD was 2.0.
[0276] The polyketone terpolymer prepared above were molded into pellets on an extruder using a twin screw having
a diameter of 2.5 cm and L/D = 32, which was operated at 250 rpm, and then injection molded on a molding machine
having a mold clamping force of 80 tons to produce a specimen for partition frame.

Example 64

[0277] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 9 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 74°C and
the second stage at 84°C are carried out. The molar ratio of ethylene to propene in the polyketone terpolymer prepared
above was 85 : 15. The melting point of the polyketone terpolymer was 220°C, the LVN measured at 25°C by HFIP
(hexa-fluoroisopropanol) was 2.0 dl/g, the MWD was 2.0.
[0278] The polyketone terpolymer prepared above were molded into pellets on an extruder using a twin screw having
a diameter of 2.5 cm and L/D = 32, which was operated at 250 rpm, and then injection molded on a molding machine
having a mold clamping force of 80 tons to produce a specimen for partition frame.

Comparative Example 23

[0279] The impact resistance, dimensional stability and water resistance of PA 6, which was used as a partition frame
in the past, were measured.

Properties Evaluation

[0280]
1. Evaluation of impact resistance, dimensional stability and water resistance: The impact resistance, dimensional stability
and water resistance of the partition frame prepared in the above Examples and Comparative Examples were evaluated
by the following methods. The results are shown in Table 21 below.

1) Evaluation of Izod impact strength: Performed according to ASTM D256.

2) Evaluation of dimensional stability: The strain of the product was evaluated according to MS211-47 for vertical
and horizontal directions at a temperature of 50°C and a relative humidity of 90%.

3) Evaluation of water resistance properties maintenance rate: The specimens were treated under standard condi-
tions (25 °C, 65% RH relative humidity, 24 hours) and high temperature and high humidity conditions (50 °C, 90%
RH, 24 hours), according to ASTM D256 , and the average value of the measured values for 5 times each in vertical
and horizontal directions was taken for each treated sample.

Table 21

Item Example 62 Example 63 Example 64 Comparative 
Example 23

Impact strength (kJ/m2) 23 22 25 9

Product strain rate-vertical (50°C, RH 90%) 0.12 0.14 0.10 0.25

Product strain rate-horizontal (50°C, RH 90%) 0.04 0.03 0.10 0.25
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[0281] As can be seen from Table 21, the examples showed excellent dimensional stability, water resistance and
impact resistance as compared with the comparative examples. Therefore, the office polyketone partition frame manu-
factured through the example of the present invention exhibits better dimensional stability, water resistance and impact
resistance than the comparative example use as a conventional office partition frame material, and-thus is more suitable
for application as an office partition frame.

Example 65

[0282] Linear alternating polyketone terpolymers of carbon monoxide and ethylene and propene are prepared in the
presence of a catalyst composition formed from palladium acetate, trifluoroacetic acid and ((2,2-dimethyl-1,3-dioxane-
5,5-diyl) bis (methylene) bis (2-methoxyphenyl) phosphine). In the above, the content of trifluoroacetic acid with respect
to palladium is 10 times the molar ratio, and the two stages of the first stage at a polymerization temperature of 78°C
and the second stage at 84°C are carried out. In the polyketone terpolymer prepared above, carbon monoxide was 50
mol%, ethylene was 46 mol%, and propylene was 4 mol%. The melting point of the polyketone terpolymer was 220°C,
the LVN measured at 25°C by HFIP (hexa-fluoroisopropanol) was 1.4 dl/g, the MWD was 2.0.
[0283] A composition prepared by mixing 70 wt% of the polyketone terpolymer prepared above and 30 wt% of glass
fiber were molded into pellets on an extruder using a twin screw having a diameter of 40 cm and L/D = 32, which was
operated at 250 rpm, and then injection molded to produce a specimen for box frame.

Example 66

[0284] A composition prepared by mixing 75 wt% of the polyketone terpolymer prepared same as Example 65 and
25 wt% of glass fiber were molded into pellets on an extruder using a twin screw having a diameter of 40 cm and L/D =
32, which was operated at 250 rpm, and then injection molded to produce a specimen for box frame.

Example 67

[0285] A composition prepared by mixing 80 wt% of the polyketone terpolymer prepared same as Example 65 and
20 wt% of glass fiber were molded into pellets on an extruder using a twin screw having a diameter of 40 cm and L/D =
32, which was operated at 250 rpm, and then injection molded to produce a specimen for box frame.

Comparative Example 24

[0286] A composition prepared by mixing 70 wt% of the Nylon 6 resin and 30 wt% of glass fiber were molded into
pellets on an extruder using a twin screw having a diameter of 40 cm and L/D = 32, which was operated at 250 rpm,
and then injection molded to produce a specimen for box frame.

Properties Evaluation

[0287] The specimens prepared in Examples 65 to 67 and Comparative Example 24 were evaluated for physical
properties in the following manner. The results are shown in Table 22 below.

1. Evaluation of Flexural Strength: According to ASTM D790, the flexural strength was measured after standing at
RH 50% for 7 days.

2. Evaluation of dimensional change rate: After 48 hours of immersion in hot water at a temperature of 50 °C, the
width of a parallel portion of the specimen before and after treatment was measured by a slide caliper to observe
the dimensional change.

3. Water resistance: After 48 hours of immersion in hot water at a temperature of 50°C, the Flexural strength

(continued)

Item Example 62 Example 63 Example 64 Comparative 
Example 23

Product water resistance (%, properties 
maintenance rate)

85 87 90 45
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maintenance rate was measured according to ASTM D790.

[0288] As can be seen from Table 22, the examples showed excellent dimensional stability, flexural strength and water
resistance as compared with the comparative examples. Therefore, the box frame manufactured through the example
of the present invention shows better dimensional stability, flexural strength and water resistance than the comparative
example used as the conventional box frame material, and thus is more suitable for application as a box frame.

Claims

1. Polyketone copolymer comprising repeating unit shown as the following formula (1) and (2), and intrinsic viscosity
is 1.0 to 2.0 dl/g, and having outstanding water resistance, moisture-absorption rate, and shock resistance.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

(x and y are each mol% of formula (1) and (2) among polymer, and y/x is 0.03 to 0.3.)

2. Polyketone bolt produced by injection molding blend of glass fiber and linear alternative polyketone comprising
carbon monoxide and at least one kind of ethylene unsaturated hydrocarbon, and having a moisture absorption rate
of 2.0% or less and used for industrial use or marine use.

3. The polyketone bolt of claim 2, wherein content of the polyketone is 60 to 90 wt% and content of the glass fiber 10
to 40 wt%,.

4. The polyketone bolt of claim 2, wherein the polyketon bolt in condition of 50°C and relative humidity 90% after water-
absorption properties maintenance is 70% or more.

5. Polyketone molding product produced by injection molding linear alternative polyketone comprising carbon monoxide
and at least one kind of olefin-based unsaturated hydrocarbon, and in forced wetting evaluation by ME/ES Spec
(MS211-44), decline rate of tensile strength and flexural strength is 20% or less.

6. The polyketone molding product of claim 5, wherein intrinsic viscosity of the polyketone is 1.0 to 2.0 dl/g.

7. The polyketone molding product of claim 5, wherein ligand of catalyst composition used in polymerization of the
polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))-bis(bis(2-methoxyphenyl)phosphine).

8. The polyketone molding product of claim 5, the polyketone molding product in forced wetting evaluation by ME/ES
Spec (MS211-44), decline rate of flexural modulus is 30% or less.

9. The polyketone molding product of claim 5, wherein the polyketone molding product features tube fixing clip or tube
fixing holder for attaching to car body.

10. Polyketone connector produced by injection molding linear alternative polyketone comprising carbon monoxide and
at least one kind ethylene unsaturated hydrocarbon, and in forced wetting evaluation by US CAR CLASS III, decline
rate of flexural modulus is 30% or less and wear amount is 1.00 mm3/kg/km or less.

Table 22

Division Flexural strength (MPa) Water resistance (%) dimensional change rate (%)

Example 65 220 90 0.8

Example 66 240 88 0.7

Example 67 250 89 0.6

Comparative Example 24 210 53 2.3
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11. The polyketone connector of claim 10, wherein ligand of catalyst composition used in polymerization of the linear
alternative polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

12. The polyketone connector of claim 10, wherein the intrinsic viscosity of the linear alternative polyketone is 1.0 to
2.0 dl/g.

13. Polyketone composition as polyketone copolymer comprising repeating unit shown as the following formula (1) and
(2), comprising linear alternative polyketone and para-aramid staple of y/x is 0.03 to 0.3, and the para-aramid is 5
to 50 weight% to the total composition weight.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

(x and y are each mol% of formula (1) and (2) among polymer, and y/x is 0.03 to 0.3.)

14. The polyketone composition of claim 13, wherein the intrinsic viscosity of the polyketone is 1.0 to 2.0 dl/g.

15. The polyketone composition of claim 13, wherein ligand of catalyst composition used in polymerization of the polyke-
tone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))-bis(bis(2-methoxyphenyl)phosphine).

16. Polyketone molding product for automobile fuel container comprising polyketone composition of any claim among
claim 13 to claim 15.

17. Component for polyketone industrial use produced by injection molding blend comprising glass fiber and flame
retardant and linear alternative polyketone comprising carbon monoxide and at least one kind of olefin-based un-
saturated hydrocarbon, and produced component for industrial use has a moisture-absorption rate of less than 1.0%.

18. The component for polyketone industrial use of claim 17, wherein in criteria of the blend total is 100 weight%, the
flame retardant is 2 to 20 weight%, and any one selected in group comprising halogen-based flame retardant,
phosphorous-based flame retardant, hydrated metal compound, silicon compound, silicate, alkali metallic salt, and
melamine-based flame retardant.

19. The component for polyketone industrial use of claim 17, wherein the intrinsic viscosity of the polyketone is 1.0 to
2.0 dl/g.

20. The component for polyketone industrial use of claim 17, wherein in condition of temperature 50°C and relative
humidity 90%, after treatment for 24 hours, tensile strength maintenance rate is 80% or more.

21. The component for polyketone industrial use of any one claim among claim 17 to claim 20, wherein the polyketone
component for industrial use is a switch.

22. Polyketone bobbin as polyketone copolymer comprising repeating unit shown as the following formula (1) and (2),
and produced by injection molding linear alternative polyketone of y/x is 0.03 to 0.3 and blend comprising glass fiber
and flame retardant, and dimensional change rate of polyketone bobbin is less than 2.0%.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

(x and y are each mol% of formula (1) and (2) among polymer, and y/x is 0.03 to 0.3.)

23. The polyketone bobbin of claim 22, wherein ligand of catalyst composition used in polymerization of the polyketone
is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))-bis(bis(2-methoxyphenyl)phosphine).

24. The polyketone bobbin of claim 22, wherein in criteria of the blend is total 100 weight%, the flame retardant is 2 to
20 weight%.
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25. The polyketone bobbin of claim 22, wherein moisture-absorption rate is less than 2.0%, and in condition of temper-
ature 50°C and relative humidity 90%, after treatment for 24 hour properties maintenance rate is 80% or more.

26. polyketone chain produced by injection molding blend comprising glass fiber and linear alternative polyketone
polymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon, and mainte-
nance rate of tensile strength after moisture absorption to tensile strength before moisture absorption is 70% or more.

27. The polyketone chain of claim 26, wherein ligand of catalyst composition used in polymerization of the polyketone
polymer is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

28. The polyketone chain of claim 26, wherein the blend comprises polyketone polymer of 50 to 90 weight% and glass
fiber of 10 to 50 weight%.

29. The polyketone chain of claim 26, wherein the intrinsic viscosity of polyketone polymer is 1.0 to 2.0 dl/g.

30. The polyketone chain of claim 26, wherein the polyketone chain is used for waste water sludge treatment.

31. Cable tie produced by injection molding blend comprising 1 to 10 weight% of rubber and 90 to 99 weight% of linear
alternative polymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon,
and palladium catalyst remaining amount is 5 to 50 ppm, and molecular weight distribution is 1.5 to 2.5.

32. The cable tie of claim 31, wherein the rubber is ethylene propylene diene monomer rubber.

33. The cable tie of claim 31, wherein ligand of catalyst composition in polymerization of the linear alternative polyketone
is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

34. The cable tie of claim 31, wherein intrinsic viscosity of the linear alternative polyketone polymer is 1.0 to 2.0 dl/g.

35. The cable tie of claim 31, wherein in condition of 50°C and relative humidity 90%RH, moisture absorption rate is
less than 1.0%, and impact strength measured in condition of 50°C and relative humidity 90% RH to impact strength
measured in condition of 25°C and relative humidity 65% RH is 85% or more.

36. Component for drinking water produced by injection molding blend comprising linear alternative polyketone polymer
comprising carbon monoxide and olefin-based unsaturated hydrocarbon, and palladium catalyst remaining amount
is 50 ppm or less, and molecular weight distribution is 1.5 to 2.5.

37. The component for drinking water of claim 36, wherein the blend further comprises glass fiber 1 to 40 weight%.

38. The component for drinking water of claim 36, wherein ligand of catalyst composition in polymerization of the linear
alternative polyketone is ((2,2-dimethyl-1,3-dioxane,5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

39. The component for drinking water of claim 36, wherein the intrinsic viscosity is 1.0 to 2.0 dl/g.

40. The component for drinking water of claim 36, wherein impact strength of the component for drinking water is 10
kJ/m2 or more, in condition of 50°C and relative humidity 90% RH, moisture absorption rate is less than 1.5%, and
impact strength measured in condition of 50°C and relative humidity 90% RH to impact strength measured in condition
of 25°C and relative humidity 65% RH is 85% or more.

41. Polyketone blend automobile fuel inlet as polyketone copolymer comprising repeating unit shown as the following
formula (1) and (2), and produced by injection molding linear alternative polyketone of y/x is 0.03 to 0.3 and blend
of mineral filter.

-[-CH1CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

(x and y are each mol% of formula (1) and (2) among polymer, and y/x is 0.03 to 0.3.)
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42. The polyketone blend automobile fuel inlet of claim 41, wherein the automobile fuel inlet in condition of 50°C and
relative humidity 90%, flexural strength is 80 MPa or more.

43. The polyketone blend automobile fuel inlet of claim 41, the automobile fuel inlet in condition of 50°C and relative
humidity 90%, weight change rate is 2.5% or less.

44. The polyketone blend automobile fuel inlet of claim 41, wherein the automobile fuel inlet in condition of 50°C and
relative humidity 90% in evaluation of rate of change to vertical direction or horizontal direction is 0.12% or less.

45. The polyketone blend automobile fuel inlet of claim 41, wherein the mineral filter is any one selected among group
comprising talc, kaolin, mica, wollastonite, TiO2-coated mica platelet, silica, alumina, borosilicate, and oxide.

46. The polyketone blend automobile fuel inlet of claim 41, wherein in criteria of the blend total is 100 weight%, the
mineral filter is 5 to 50 weight%.

47. Polyketone outside mirror frame produced by injection molding blend mixed 10 to 50 weight% of glass fiber and 50
to 90 weight% of linear alternative polyketone comprising carbon monoxide and at least one kind of olefin-based
hydrocarbon, and in condition of 50°C and relative humidity 90%, moisture-absorption rate is 2.0% or less.

48. The polyketone outside mirror frame of claim 47, wherein impact strength of the outside mirror frame is 15 kJ/m2 or
more.

49. The polyketone outside mirror frame of claim 47, wherein flexural strength is 80 MPa or more.

50. The polyketone outside mirror frame of claim 47, wherein the polyketone copolymer intrinsic viscosity is 1.0 to 2.0
dl/g, and molecular weight distribution is 1.5 to 2.5.

51. Automobile external wheel cover produced by injection molding polyketone blend comprising ABS and linear alter-
native polyketone copolymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydro-
carbon.

52. The automobile external wheel cover of claim 51, wherein content of the ABS is 5 to 25 weight% compared to the
total weight.

53. The automobile external wheel cover of claim 51, wherein impact strength of the wheel accessory is 80 kJ/m2 or more.

54. The automobile external wheel cover of claim 51, wherein and absorption rate of the wheel cover is 1.5% or less in
condition of 50°C and relative humidity 90%.

55. The automobile external wheel cover of claim 51, wherein tensile strength maintenance rate of wheel accessory is
80% or more in 100°C in 35% of calcium chloride solution.

56. Automobile wheel accessary produced by injection molding polyketone blend comprising ABS and linear alternative
polyketone compolymer comprising carbon monoxide and at least one kind of olefin-based unsaturated hydrocarbon.

57. The automobile wheel accessary of claim 56, wherein the content of the ABS compared to the total weight is 5 to
35 weight%.

58. The automobile wheel accessary of claim 56, wherein the impact strength is 30 kJ/m2 or more.

59. The automobile wheel accessary of claim 56, wherein absorption rate of the automobile wheel cover is 1.5% or less
in condition of 50°C and relative humidity 90%.

60. The automobile wheel accessary of claim 56, wherein the automobile wheel accessary impact strength maintenance
rate after immersion in calcium chloride solution of 35% in 100°C for 2hr is 80% or more.

61. Polyketone resin composition as polyketone copolymer comprising repeating unit shown as the following formula
(1) and (2), and produced by polyketone copolymer of y/x is 0.03 to 0.3 and blend of glass fiber, Nylon 6I, and silane
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additives, and used in automobile radiator end tank.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

62. The polyketone resin composition used in automobile radiator end tank of claim 61, wherein the intrinsic viscosity
of the polyketone copolymer is 1.0 to 2.0 dl/g, molecular weight distribution is 1.5 to 2.5.

63. The polyketone resin composition used in automobile radiator end tank of claim 61, wherein the polyketone copol-
ymer, glass fiber, Nylon 61, and silane additives in criteria of weight ratio each mixed 50 to 74.9 weight%, 20 to 40
weight%, 5 to 20 weight%, and 0.1 to 10 weight%.

64. The polyketone resin composition used in automobile radiator end tank of claim 61, wherein the polyketone resin
composition in condition of temperature 50°C and relative humidity 90% in evaluation by ME/ES SPEC (MS211-47)
properties maintenance rate is 80% or more.

65. The polyketone resin composition used in automobile radiator end tank of claim 61, wherein in condition of temper-
ature 50°C and relative humidity 90% in evaluation by ME/ES SPEC (MS211-47) product weight change of rate is
5.0% or less.

66. Polyketone composition produced by injection molding blend comprising glass fiber of 15 to 30 weight% and 70 to
85 weight% of linear alternative polyketone polymer.

67. Polyketone pressure cooker clean cover produced by injection molding blend comprising glass fiber of 15 to 30
weight% and 70 to 85 weight% of linear alternative polyketone polymer comprising carbon monoxide and at least
one kind of olefin-based unsaturated hydrocarbon, and palladium catalyst remaining amount is 50 ppm and molecular
weight distribution is 1.5 to 2.5.

68. The polyketone pressure cooker clean cover of claim 67, wherein ligand of catalyst composition in polymerization
is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

69. The polyketone pressure cooker clean cover of claim 67, wherein impact strength of pressure cooker clean cover
is 20 kJ/m2 or more.

70. The polyketone pressure cooker clean cover of claim 67, wherein water absorption rate is 2% or less, in condition
of temperature 50°C and relative humidity 90%, in evaluation by ME/ES SPEC (MS211-47), change rate evaluation
to vertical direction or horizontal direction is 0.12% or less.

71. polyketone green juicer screw produced by injection molding linear alternative polyketone comprising carbon mon-
oxide and at least one kind of olefin-based unsaturated hydrocarbon, 80% or more tensile strength maintenance
rate after immersion for 10 days in acetic acid 3% solution.

72. The polyketone green juicer screw of claim 71, wherein ethylene and propylene molar ratio is 9 to 24:1.

73. The polyketone green juicer screw of claim 71, wherein the intrinsic viscosity of the polyketone is 1.0 to 2.0 dl/g.

74. The polyketone green juicer screw of claim 71, wherein the molecular distribution of the polyketone is 1.5 to 2.5.

75. The polyketone green juicer screw of claim 71, wherein molecular weight distribution is 1.5 to 2.5, ligand of catalyst
composition in polymerization is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phos-
phine).

76. Gasket for accumulator produced by injection molding linear alternative polyketone polymer comprising carbon
monoxide and at least one kind of olefin-based unsaturated hydrocarbon, palladium catalyst remaining amount is
50 ppm or less, molecular weight distribution is 1.5 to 2.5.

77. The gasket for accumulator of claim 76, wherein ethylene and propylene molar ratio is 9 to 24:1.
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78. The gasket for accumulator of claim 76, wherein the intrinsic viscosity of the linear alternative polyketone polymer
is 1.0 to 2.0 dl/g.

79. The gasket for accumulator of claim 76, wherein water absorption rate of gasket for accumulator is less than 1.0%
in condition of temperature 50°C and relative humidity 90% RH, dimensional change rate after treatment for 24
hours is less than 0.3% in 85°C and relative humidity 85% RH.

80. Gasket for alkaline battery produced by injection molding blend and linear alternative polyketone comprising carbon
monoxide and at least one kind of olefin-based unsaturated hydrocarbon, palladium catalyst remaining amount is
50 ppm or less, molecular weight distribution is 1.5 to 2.5, and comprising polymer 55 to 70 weight%, Nylon 6 20
to 30 weight%, and rubber 10 to 15 weight%.

81. The gasket for alkaline battery of claim 80, wherein the linear alternative polyketone ethylene and propylene molar
ratio is 9 to 24:1.

82. The gasket for alkaline battery of claim 80, wherein the rubber is ethyloctane rubber.

83. The gasket for alkaline battery of claim 80, wherein the gasket for alkaline battery water absorption rate after
immersion for 7 days in 30°C is less than 4%.

84. Gear for robot cleaner as polyketone copolymer comprising repeating unit shown as the following formula (1) and (2).

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

85. The gear for robot cleaner of claim 84, wherein the gear for robot cleaner produced by injection molding using tooth
type mold in condition of 70 to 80 bar pressure, 230 to 260°C temperature, and mold temperature of 150°C.

86. The gear for robot cleaner of claim 84, wherein based on in criteria of KS C IEC 60704-2-1, through semi-anechoic
room measurement method measuring noise for 30 seconds, less than 90Db.

87. The gear for robot cleaner of claim 84, wherein the polyketone copolymer intrinsic viscosity is 1.0 to 2.0 dl/g and
molecular weight distribution is 1.5 to 2.5.

88. Office polyketone partition frame as polyketone copolymer comprising repeating unit shown as the following formula
(1) and (2), and produced by injection molding polyketone copolymer of y/x is 0.03 to 0.3.

-[-CH2CH2-CO]x- (1)

-[-CH2-CH(CH3)-CO]y- (2)

89. The office polyketone partition frame of claim 88, wherein ethylene and propylene molar ratio is 99:1 to 85:15.

90. The office polyketone partition frame of claim 88, wherein the intrinsic viscosity of the polyketone copolymer is 1.0
to 2.0 dl/g.

91. The office polyketone partition frame of claim 88, wherein ligand of catalyst composition used in polymerization of
polyketone copolymer is ((2,2-dimethyl-1,3-dioxane-5,5-diyl)bis(methylene))bis(bis(2-methoxyphenyl)phosphine).

92. The office polyketone partition frame of claim 88, wherein the impact strength of the office polyketone partition frame
is 20 kJ/m2 or more.

93. Polyketone box frame produced by injection molding blend comprising glass fiber of 15 to 40 weight% and 60 to 85
weight% of linear alternative polyketone comprising carbon monoxide and at least one kind of olefin-based unsatu-
rated hydrocarbon, and palladium catalyst remaining amount is 5 to 50 ppm, and molecular weight distribution is
1.5 to 3.0.
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94. The polyketone box frame of claim 93, wherein the linear alternative polyketone ethylene and propylene molar ratio
is 99:1 to 85:15.

95. The polyketone box frame of claim 93, wherein the intrinsic viscosity of polyketone polymer is 1.0 to 2.0 dl/g.

96. The polyketone box frame of claim 93, wherein the flexural strength of polyketone box frame is 220 MPa or more,
and properties maintenance rate after 48 hours deposition in hot water of 50°C is 85% or more.
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