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(54) THERMOSET RESIN COMPOSITION, AND PREPREG AND LAMINATE FOR PRINTED CIRCUIT 
BOARD MANUFACTURED THEREFROM

(57) The present invention relates to a thermoset res-
in composition, and a prepreg and a laminate for a printed
circuit board manufactured therefrom. The thermoset
resin composition comprises the following components:
a phosphorus-containing polyphenyl ether resin having
low molecular weight, an epoxy resin, a cyanate resin
and an accelerator. The prepreg manufactured using the
resin composition comprises a base material and the
thermoset resin composition adhered to the base mate-
rial by impregnation and drying. The laminate for a printed
circuit board manufactured using the resin composition
comprises a plurality of laminated prepregs, a metal foil

covering one or two faces of the laminated prepregs by
pressing, with each prepreg comprising a base material
and the thermoset resin composition adhered to the base
material by impregnation and drying. The thermoset resin
composition of the present invention has properties such
as a low dielectric constant and a dielectric dissipation
factor, high heat resistance, a high glass transition tem-
perature, and flame retardancy, etc. The laminates for a
printed circuit board manufactured using same have ex-
cellent metal foil peel strength, heat resistance and die-
lectric properties, and are suitable for high frequency and
high speed electronic circuit boards.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a resin composition, especially to a thermoset resin composition, and a prepreg
and a laminate for printed circuit board manufactured therefrom.

BACKGROUND OF THE INVENTION

[0002] Currently, electrical and electronic industry is rapidly developing, and the development direction of electronic
products develop is of lightness and thinness, high performance, high reliability, environment friendliness, etc. The
specific requirements for electronic circuit boards are embodied as high heat resistance, low coefficient of thermal
expansion, high moisture-heat resistance, environmentally protective flame retardancy, low dielectric constant and di-
electric dissipation, and high elasticity modulus etc. Hence, traditional epoxy resins can not completely meet the demands
for the development of electronic circuit boards; the use of polyphenyl ether resins with high heat resistance, low dielectric
constant, low dielectric dissipation, good tenacity are more and more outstanding. However, traditional polyphenyl ether
resins still have disadvantage in the aspect of processing due to the excessively high molecular weight thereof.
[0003] Due to the problem of environmental pollution and the like produced by halogen flame retardancy, currently
phosphorus-containing compounds such as phosphorus-containing phenanthrene type compound DOPO and deriva-
tives thereof are generally employed to achieve flame retardant effect in industry. At present the halogen-free polyphenyl
ether resin composition used in electronic circuit boards usually employs an addictive-type phosphorus-containing flame
retardant to achieve the flame retardant requirement, but it still has disadvantage in the aspect of moisture-heat resistance
and chemical resistance, etc.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is providing a thermoset resin composition, which has properties of low
dielectric constant and low dielectric dissipation, high heat resistance, flame retardancy, low water absorption, high glass
transition temperature, low coefficient of thermal expansion, etc. and is suitable for the manufacture of prepregs and
laminates for printed circuit board.
[0005] Another object of the present invention is providing a prepreg manufactured by using the thermoset resin
composition above, which has properties of a low dielectric constant, low dielectric dissipation, high heat resistance,
flame retardancy, low water absorption, a high glass transition temperature, low coefficient of thermal expansion, etc.
[0006] A further object of the present invention is providing a laminate for printed circuit board manufactured by using
the thermoset resin composition above, which has excellent metal foil peel strength, heat resistance and dielectric
properties and is suitable for high frequency and high speed electronic circuit boards.
[0007] In order to achieve the objects above, the present invention provides a thermoset resin composition, comprising
the following parts by weight of the following components: 100 parts by weight of a phosphorus-containing polyphenyl
ester resin having low molecular weight, 10-300 parts by weight of an epoxy resin, 10-300 parts by weight of a cyanate
resin and 0.01-1.0 parts by weight of an accelerator.
[0008] The polyphenyl ester having low molecular weight is a phosphorus-containing polyphenyl ester resin having
low molecular weight of the number-average molecular weight of 1000-6000 which is obtained by redistribution reaction
of a raw material polyphenyl ester having the number average molecular weight larger than 10000 with a phosphorus-
containing phenolic compound suspended in the solution in the presence of an initiator.
[0009] The phosphorus-containing phenolic compound is a phosphorus-containing phenolic compound having one or
two or more phenolic hydroxyl groups.
[0010] The initiator is one selected from the group consisting of dicumyl peroxide, tert-butyl cumyl peroxide, ditert-
butyl peroxide, tert-butyl peroxy isopropyl carbonate, 2,5-dimethyl-2,5-ditert-butylcumylperoxy hexyne-3, 2,5-dimethyl
2,5-ditert-butylperoxy hexane, p-menthane peroxide, 1,1-bis(tert-amylperoxy) cyclohexane, diisopropylbenzene hy-
droperoxide, benzoyl peroxide and benzoyl peroxide derivatives or combination thereof.
[0011] The epoxy resin is one selected from the group consisting of halogen-free and phosphorus-free bisphenol A-
type, biphenol F-type, biphenol S-type epoxy resins and epoxy resins comprising a structure such as dicyclodiene,
benzene, naphthalene, biphenyl, alicyclic, cresol novolac, isocyanate, hydantoin, etc., or combination thereof; the cyanate
resin is one selected from the group consisting of aromatic cyanate compounds like 2,2-bis(4-cyanatophenyl) propane,
bis(3,5-dimethyl-4-cyanatophenyl) methane, 2,2-bis(4-cyanatophenyl) ethane, or its derivatives, or combination thereof;
the accelerator is one selected from the group consisting of 2-methyl imidazole, 2-phenyl imidazole, 2-ethyl-4-methyl
imidazole, tributylamine, triphenyl phosphine, boron trifluoride complex, octoates of zinc, copper, iron, tin, cobalt, alu-
minum, acetylacetone, naphthenic acids, salicylic acid, stearate, or combination thereof.



EP 2 799 493 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0012] A phosphorus-containing flame retardant can also be comprised, the content of which is 5-80 parts by weight
based on 100 parts by weight of the total solid matters of the thermoset resin composition. The phosphorus-containing
flame retardant includes one selected from the group consisting of condensed phosphate, phosphazene compound
flame retardants, or combination thereof.
[0013] An inorganic packing can also be comprised, the amount of which is 5-300 parts by weight based on 100 parts
by weight of the total solid matters of the thermoset resin composition. The inorganic packing is one selecting from the
group consisting of silica, boron nitride, aluminum hydroxide, boehmite, talcum, clay, mica, kaolin, barium sulfate, calcium
carbonate, magnesium hydroxide, zinc borate, or combination thereof.
[0014] Further, the present invention provides a prepreg manufactured by using the thermoset resin composition
above, comprising a base material and the thermoset resin composition adhered to the base material by impregnation
and drying.
[0015] The base material is a fabric or a non-woven fabric.
[0016] Additionally, the present invention also provides a laminate for printed circuit board manufactured by using the
thermoset resin composition above, comprising a plurality of laminated prepregs, a metal foil covering one or two faces
of the laminated prepregs by pressing, with each prepreg comprising a base material and the thermoset resin composition
adhered to the base material by impregnation and drying.
[0017] The present invention has the following beneficial effects. The present invention employs a phosphorus-con-
taining polyphenyl ester resin having low molecular weight, which not only has good processability but also contributes
to enhance flame retardancy and meets the flame retardant requirement. The thermoset resin composition prepared by
combining the polyphenyl ester resin with an epoxy resin and a cyanate resin has low dielectric constant, low dielectric
dissipation factor, high heat resistance, high glass transition temperature and flame retardancy, etc. The prepreg man-
ufactured by using the thermoset resin composition has low dielectric constant, low dielectric dissipation factor, high
heat resistance, high glass transition temperature, low water absorption and flame retardancy, etc.; the laminates for
printed circuit board manufactured by using the thermoset resin composition have excellent metal foil peel strength, heat
resistance and dielectric properties, and are suitable for high frequency and high speed electronic circuit boards.

DETAIED DESCRIPTION OF THE INVENTION

[0018] The thermoset resin composition of the present invention substantially comprises the following parts by weight
of the following components: 100 parts by weight of a phosphorus-containing polyphenyl ester resin having low molecular
weight, 10-300 parts by weight of an epoxy resin, 10-300 parts by weight of a cyanate resin and 0.01-1.0 parts by weight
of an accelerator.
[0019] Based on the problems existing in the prior art, as studying the redistribution reaction of polyphenyl resins, the
applicant has found that dispersing phosphorus-containing phenolic compounds in the raw material polyphenyl ester
solution can also conduct a redistribution reaction under the effect of the initiator, thereby obtaining a phosphorus-
containing polyphenyl ester resin having low molecular weight. The phosphorus-containing polyphenyl ester resin having
low molecular weight not only has better processability but also contributes to enhance flame retardancy. The thermoset
resin composition prepared by combining the polyphenyl ester resin with a thermoset resin such as an epoxy resin, a
cyanate resin and the like has properties of low dielectric constant, low dielectric dissipation factor, high heat resistance,
etc. also can avoid or decrease the negative effect of addictive flame retardants, and are suitable for high frequency
and high speed electronic circuit boards.
[0020] Specifically, the said phosphorus-containing polyphenyl ester resin having low molecular weight is a modified
polyphenyl resin having low molecular weight with the number average molecular weight of 1000-6000 prepared, in the
presence of an initiator, by a redistribution reaction of a raw material polyphenyl ester having a number average molecular
weight larger than 10000 with a phosphorus-containing phenolic compound suspended in the reaction solution in a
reaction container equipped with a condenser tube, stirring apparatus and temperature control device. The phosphorus-
containing phenolic compound is a phosphorus-containing compound having one or two or more phenolic hydroxyl
groups, the amount of which is 4-80 parts by weight based on 100 parts by weight of the raw material polyphenyl ester.
The phosphorus-containing phenolic compound is one selected from the addition products of 9, 10-Dihydro-9-oxa-10-
phosphaphenanthrene 10-oxide (DOPO) with benzoquinone, 1,4-naphthoquinone, p-hydroxybenzene maleimide or
rosolic acid, etc. (respectively DOPO-HQ, DOPO-NQ, DOPO-HPM or DOPO-triol, etc.) and other phosphorus-containing
phenolic compounds, or combination thereof. The chemical structural formulae of DOPO-HQ, DOPO-NQ, DOPO-HPM
and DOPO-triol are respectively as follows:
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[0021] The initiator is one selected from the group consisting of perioxides like dicumyl peroxide, tert-butyl cumyl
peroxide, ditert-butyl peroxide, tert-butyl peroxy isopropyl carbonate, 2,5-dimethyl-2,5-ditert-butylcumylperoxy hexyne-
3, 2,5-dimethyl 2,5-ditert-butylperoxy hexane, p-menthane peroxide, 1,1-bis(tert-amylperoxy) cyclohexane, diisopropyl-
benzene hydroperoxide, benzoyl peroxide, benzoyl peroxide derivatives, or combination thereof. A catalyst can also be
used in the redistribution reaction for preparing the phosphorus-containing polyphenyl ester resin having low molecular
weight in order to accelerate the efficiency of the initiator. The catalyst is one selected from the group consisting of metal
salts of a naphthenic acid, vanadium pentoxide, aniline, amine compounds, quaternary ammonium salts, imidazoles
and phosphonium salts, etc., or combination thereof.
[0022] In the thermoset resin composition of the present invention, the epoxy resin is one selected from the group
consisting of halogen-free phosphorus-free bisphenol A-type, biphenol F-type, biphenol S-type epoxy resins and epoxy
resins comprising a structure such as dicyclodiene, benzene, naphthalene, biphenyl, alicyclic, cresol novolac, isocyanate,
hydantoin, etc., or combination thereof.
[0023] The cyanate resin of the present invention can be either self-polymerized or polymerized with the epoxy resin
under heating. No polar structure such as hydroxyl group and the like is generated during the reaction process, which
contributes to enhance the dielectric properties of the metal sheet laminate. The cyanate resin is a compound comprising
more than two cyanate groups in the molecular. The cyanate resin is one or more selected from the aromatic cyanate
compounds such as 2,2-bis(4-cyanatophenyl) propane, bis(3,5-dimethyl-4-cyanatophenyl) methane, 2,2-bis(4-cyanat-
ophenyl) ethane or derivatives thereof.
[0024] The accelerator of the present invention is one selected from the group consisting of imidazole compounds,
tertiary amines, organic metal salts or complexes, etc., or combination thereof; mainly is one selected from the group
consisting of 2-methyl imidazole, 2-phenyl imidazole, 2-ethyl-4-methyl imidazole, tributylamine, triphenyl phosphine,
boron trifluoride complex, zinc, copper, iron, tin, cobalt, aluminum octoates, acetylacetone, naphthenic acids, salicylic
acid and stearate, or combination thereof.
[0025] A phosphorus-containing flame retardant may also be added to the thermoset resin composition of the present
invention, which may be one or more selected from the group consisting of condensed phosphate and phosphazene
compound flame retardantscombination thereof. The phosphorus-containing flame retardant mainly is able to comple-
ment the flame retardant effect of the phosphorus-containing polyphenyl ester resin having low molecular weight. The
amount of the phosphorus-containing flame retardant is 5-80 parts by weight based on 100 parts by weight of the total
solid matters of the thermoset resin composition above.
[0026] An inorganic packing may be added in the resin composition of the present invention to adjust the properties
of the composition. The inorganic packing may be one or more selected from the group consisting of silica, boron nitride,
aluminum hydroxide, boehmite, talcum, clay, mica, kaolin, barium sulfate, calcium carbonate, magnesium hydroxide,
zinc borate, or combination thereof. According to the aim of use, the inorganic packing may have a proper ratio adjustment,
the amount of which is 5-300 parts by weight based on 100 parts by weight of the total solid matters of the thermoset
resin composition.
[0027] The abovementioned cyanate resin, accelerator, phosphorus-containing polyphenyl ester resin having low
molecular weight and epoxy resin are mixed; at normal temperature a liquid solution is added. After the mix is stirred to
completely dissolved, the inorganic packing is added; high speed shearing is proceeded to make the packing disperse
uniformly and evenly, obtaining thermoset resin composition liquid cement with a solid content of 45-70%. The composition
liquid cement is impregnated with a base material followed by baking for 2-10 min at 100-200°C, obtaining the prepreg.
The base material used is a fabric or a non-woven fabric
[0028] The prepreg manufactured from the thermoset resin composition of the present invention, including a base
material and the thermoset resin composition adhered to the base material by impregnation and drying. The base material
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used is a fabric or a non-woven fabric such as natural fiber, organic synthetic fiber and inorganic fiber.
[0029] The laminate for printed circuit board of the present invention, including: a plurality of laminated prepregs, a
metal foil covering one or two faces of the laminated prepregs by pressing, with each prepreg comprising a base material
and the thermoset resin composition adhered to the base material by impregnation and drying. In preparation, a plurality
of prepregs manufactured from the thermoset resin composition are laminated; a metal foil is covered on one or two
faces thereon after laminating and pressed under a pressure of 2-5Mpa at a temperature of 180-250 °C for 1-4h thereby
obtaining the laminate for printed circuit board. The metal foil can be copper foil, nickel foil, aluminum foil and SUS foil,
etc. without restrictions and the base material is a fabric or a non-woven fabric.
[0030] With respect to the above manufactured laminate for printed circuit board, the glass transition temperature,
pyrolysis temperature, peel strength, dielectric dissipation factor, dielectric constant and combustibility thereof are meas-
ured. The following examples further provide detailed explanations and descriptions.
[0031] Herein the examples of the present invention will be detailed described but the present invention should not
be limited by the examples.

Example 1

[0032] 50 parts by weight of polyphenyl resin with the number average of 20000 (Asahi Kasei Chemistry Corporation,
trade name: S201A) and 50 parts by weight of dicyclopentadiene epoxy resin (Chang Chun Plastic s CO., LTD, trade
name: DNE260) were added to 120 parts by weight of toluene, mixed and heated to 90 °C to make it completely dissolve,
and then 10 parts by weight of DOPO-HQ (Huizhou Sunstar Technology CO., LTD, trade name: ODOPB) were sufficiently
distributed in the reaction materials. Then 8 parts by weight of BPO (DongGuan Kangxin Reagent, trade name: benzoyl
peroxide) were divided into 10 aliquots and uniformly fed within 30min, maintained at 90 °C for 90 min and then stopped
heating. When cooling to around 40°C, 50 parts by weight of bisphenol A-type cyanate (Jiangdu Wuqiao Resin Factory,
trade name: CY-10), 0.02 parts by weight of zinc Isoocatanoate and 30 parts by weight of phosphazene flame retardant
(Huizhou Sunstar Technology CO., LTD, trade name: SPB100) were added. The mix was stirred uniformly, obtaining
liquid cement. Flat and smooth model 2166 E-typed glass fiber cloth was uniformly impregnated with the liquid cement
above, baked for 5min at 170 °C in an air circulation oven to obtain a prepreg. 6 sheets of the prepreg above were
laminated, covered on both faces by copper foils having a thickness of 35 mm respectively, and pressed at 220°C under
a pressure of 3MPa in a vacuum hot presser, obtaining a laminate for printed circuit board.

Example 2

[0033] 50 parts by weight of polyphenyl resin with a number average of 20000 (Asahi Kasei Chemistry Corporation,
trade name: S201A) and 50 parts by weight of bisphenol A-type epoxy resin (Dow Chemical Company, trade name:
D.E.R.330) were added to 120 parts by weight of toluene, mixed and heated to 90 °C to make it completely dissolve,
and then 10 parts by weight of DOPO-HQ (Huizhou Sunstar Technology CO., LTD, trade name: ODOPB) were sufficiently
distributed in the reaction materials. Then 8 parts by weight of BPO (DongGuan Kangxin Reagent, trade name: benzoyl
peroxide) were divided into 10 aliquots and uniformly fed within 30min, maintained at 90 °C for 90 min and then stopped
heating. When cooling to around 40°C, 50 parts by weight of bisphenol A-type cyanate (Jiangdu Wuqiao Resin Factory,
trade name: CY-10), 0.02 parts by weight of zinc Isoocatanoate and 30 parts by weight of phosphazene flame retardant
(Huizhou Sunstar Technology CO., LTD, trade name: SPB100) were added. The mixture was uniformly stirred, obtaining
liquid cement. Flat and smooth model 2166 E-typed glass fiber cloth was uniformly impregnated with the liquid cement
above, baked for 5min at 170 °C in an air circulation oven to obtain a prepreg. 6 sheets of the prepreg above were
laminated and covered on both faces by copper foils having a thickness of 35 mm respectively, and pressed at 220°C
under a pressure of 3MPa in a vacuum hot press, obtaining a laminate for printed circuit board was prepared.

Example 3

[0034] 50 parts by weight of polyphenyl resin with a number average of 20000 (Asahi Kasei Chemistry Corporation,
trade name: S201A) and 50 parts by weight of biphenyl epoxy resin (Nippon Kayaku, Co., Ltd., trade name: NC3000H)
were added to 120 parts by weight of toluene, mixed and heated to 90 °C to make it completely dissolve, and then 10
parts by weight of DOPO-HQ (Huizhou Sunstar Technology CO., LTD, trade name: ODOPB) were sufficiently distributed
in the reaction materials. Then 8 parts by weight of BPO (DongGuan Kangxin Reagent, trade name: benzoyl peroxide)
were divided into 10 aliquots and uniformly fed within 30min, maintained at 90 °C for 90 min and then stopped heating.
When cooling to around 40°C, 50 parts of bisphenol A-type cyanate (Jiangdu Wuqiao Resin Factory, trade name: CY-
10), 0.02 parts by weight of zinc isoocatanoate and 30 parts by weight of phosphazene flame retardant (Huizhou Sunstar
Technology CO., LTD, trade name: SPB100) were added. The mixture was uniformly stirring, obtaining liquid cement.
Flat and smooth model 2166 E-typed glass fiber cloth was uniformly impregnated with the liquid cement above, baked
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for 5min at 170 °C in an air circulation oven to obtain a prepreg. 6 sheets of the prepreg above were laminated, covered
on both faces by copper foils having a thickness of 35 mm respectively, and pressed at 220°C under a pressure of 3MPa
in a vacuum hot press, to obtain a laminate for printed circuit board.

[0035] The properties above are measured by the following methods:

(1) Glass transition temperature (Tg): measured according to the differential scanning calorimetry (DSC) as stipulated
under IPC-TM-650 2.4.25.

(2) Thermal deposition temperature Td: measured according to the method of IPC-TM-650 2.4.26.

(3) Peel strength (PS) was measurement of the peel strength of the metal covering layer according to the experimental
condition "post thermal stress" in the method of IPC-TM-650 2.4.8.

(4) Dielectric dissipation factor: dielectric dissipation factor at 1GHz was measured on the basis of the resonance
method using strip lines according to IPC-TM-650 2.5.5.9.

(5) Combustibility resistance: measured according to UL94 vertical firing method.

[0036] Above all, the present invention employs phosphorus-containing polyphenyl ester resin having low molecular
weight, which not only has good processability but also contributes to enhance flame retardancy and meets the flame
retardant requirement. The thermoset resin composition prepared by combining the phosphorus-containing polyphenyl
ester resin having low molecular weight with an epoxy resin and a cyanate resin has a low dielectric constant and a
dielectric dissipation factor, high heat resistance, high glass transition temperature and flame retardancy, etc. The prepreg
manufactured by using the thermoset resin composition has a low dielectric constant and a dielectric dissipation factor,
high heat resistance, high glass transition temperature, low water absorption and flame retardancy, etc.; the laminates
for a printed circuit board manufactured by using the thermoset resin composition have excellent metal foil peel strength,
heat resistance and dielectric properties, and are suitable for high frequency and high speed electronic circuit boards.
[0037] The examples above do not make any restriction to the content of the composition of the present invention. All
slight amendments, equivalent changes and modifications according to the technical essence, components or contents
of the composition and the examples above fall into the scope of the technical solution of the present invention.

Claims

1. A thermoset resin composition comprising the following parts by weight of the following components: 100 parts of
a phosphorus-containing polyphenyl ester resin having low molecular weight, 10-300 parts of an epoxy resin, 10-300
parts of a cyanate resin and 0.01-1.0 part of an accelerator.

2. The thermoset resin composition according to claim 1, wherein the phosphorus-containing polyphenyl ester having
low molecular weight is a phosphorus-containing polyphenyl ester resin having low molecular weight with a number-
average molecular weight of 1000-6000, which is obtained by conducting a redistribution reaction with a raw material
polyphenyl ester having a number average molecular weight larger than 10000 and a phosphorus-containing phenolic
compound suspended in the solution in the presence of an initiator.

Table 1 property evaluation on the laminates for printed circuit board prepared in Examples 1-3

Example 1 Example 2 Example 3

Glass transition temperature (Tg) °C 174 155 160

Thermal deposition temperature (Td) °C 368 377 369

Peel strength (PS) N/mm 0.8 0.8 1.0

1GHz dielectric constant (Dk) 3.65 3.90 3.72

1 GHz dielectric dissipation factor (Df) 0.0053 0.0054 0.0045

Combustibility resistance V-0 V-0 V-0
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3. The thermoset resin composition according to claim 2, wherein the phosphorus-containing phenolic compound is
a phosphorus-containing phenolic compound having one or two or more phenolic hydroxyl groups.

4. The thermoset resin composition according to claim 2, wherein the initiator is one selected from the group consisting
of dicumyl peroxide, tert-butyl cumyl peroxide, ditert-butyl peroxide, tert-butyl peroxy isopropyl carbonate, 2,5-dime-
thyl-2,5-ditert-butylcumylperoxy hexyne-3, 2,5-dimethyl 2,5-ditert-butylcumylperoxy hexane, p-menthane peroxide,
1,1-bis(tert-amylperoxy) cyclohexane, diisopropylbenzene hydroperoxide, benzoyl peroxide and benzoyl peroxide
derivatives or combination thereof.

5. The thermoset resin composition according to claim 1, wherein the epoxy resin is one selected from the group
consisting of halogen-free phosphorus-free bisphenol A-type, biphenol F-type, biphenol S-type epoxy resins or
epoxy resins comprising a structure such as dicyclodiene, benzene, naphthalene, biphenyl, alicyclic, cresol novolac,
isocyanate and hydantoin, etc., or combination thereof; the cyanate resin is one selected from the group consisting
of aromatic cyanate compounds like 2,2-bis(4-cyanatophenyl) propane, bis(3,5-dimethyl-4-cyanatophenyl) methane
and 2,2-bis(4-cyanatophenyl) ethane, or its derivatives, or combination thereof; the accelerator is one selected from
the group consisting of 2-methyl imidazole, 2-phenyl imidazole, 2-ethyl-4-methyl imidazole, tributylamine, triphenyl
phosphine, boron trifluoride complex, zinc, copper, iron, tin, cobalt, aluminum octoates, acetylacetone, naphthenic
acids, salicylic acid and stearate, or combination thereof

6. The thermoset resin composition according to claim 1, which further comprises 5-80 parts by weight of phosphorus-
containing flame retardant based on 100 parts by weight of the total solid matters of the thermoset resin composition;
the phosphorus-containing flame retardant includes one selected from the group consisting of condensed phosphate
flame retardants and phosphazene compound flame retardants, or combination thereof

7. The thermoset resin composition according to claim 1, which further comprises 5-300 parts by weight of inorganic
packing based on 100 parts by weight of the total solid matters of the thermoset resin composition; the inorganic
packing is one selecting from the group consisting of silica, boron nitride, aluminum hydroxide, boehmite, talcum,
clay, mica, kaolin, barium sulfate, calcium carbonate, magnesium hydroxide and zinc borate, or combination thereof

8. A prepreg manufactured by using the thermoset resin composition according to claim 1, comprising base material
and thermoset resin composition adhered to the base material after impregnation and drying.

9. The prepreg according to claim 8, wherein the base material is a fabric or a non-woven fabric.

10. A laminate for a printed circuit board manufactured by using the thermoset resin composition according to claim 1,
comprising a plurality of laminated prepregs and a metal foil covering one or both sides of the laminated prepregs
by pressing, wherein each of the prepregs comprises the base material and the thermoset resin composition adhered
to the base material after impregnation and drying.
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