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DESCRIPTION
HEAT CONDUCTIVITY IMPROVING AGENT

TECHNICAL FIELD

The present inventicon relates to a heat conductivity
improving agent, a resin composition comprising the same and
a molded article of the composition. The present invention
also relates to a methdd_of improving the heat conductivity

of a resin composition.

BACKGROUND ART

Magnesium oxide, aluminum oxide and silica have been
usadlas agents for improving the heat conductivitles of
synthetic resins, rubbers and ceramlcs (patent document 1}.
8ilica has low heat conductivity. Aluminum oxide has a
defect that 1t wears a molding machine or a mold at the time
of molding as it has high hardness though 1t has high hesat
conductivity. Thereforé, magnesium oxide which has low
hardness and about 3 times higher heat conductivity than that
of alumina has been attracting attention as a heat
conductivity improving agent. However, magnesium oxide 1s
gradually ercded by water or vapor and changes into magnesium
hydroxide, thereby losing its physical properties.
Therefore, various improvements have been made on magnesium
oxide to achieve higher heat conductivity. Magnesium oxide
having a coating layer of silicon and/or aluminum-magnesium
doulrle oxide on the surface {(patent document 2) andInégnesiuw
oxide ceoated with a phosphorus compound {patent document 3)
are such examples. Technology for using magnesium hydroxide
as a heat conductivity improving agent has alsa:beeriproﬁosed
{patent document 4). However, all of these do not obtain
gsatisfactory results.

{

atent Document 1} Jp-A 7-32414¢6
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{(Patent Document 2) JP-A 2004-27177
(Patent Document 3} JP~A 2006-282783
(Patent Document 4) JP-A S-176368
SUMMARY

In a firgt asgpect of the present disclosure, there is
provided a heat conductivity improving agent comprising a
magnesium hydroxide particle having a thickness of 10 nm to
0.2 um and an aspect ratio {long diameter/thickness) measured
by a SEM method of not less than 10.

In a gecond aspect of the present disclosure, there
is provided a heat dissipation agent comprising the disclosed
heat conductivity improving agent as an effective component.

In a third aspect of the present disclosure, there is
provided a resgin composition comprising (i) 100 parts by
weight ¢of a resin and {ii) 20 to 300 parts by welght of a
heat conductivity improving agent which is a magnesium
hydroxide particle having a thickness of 10 nm to 0.2 pum and
an agpect ratio (long diameter/thickness) measured by a SEM
method of not less than 10.

In a fourth aspect of the present disclosure, there
is pravided.a1nolded.érticle formed from the disclosed resin
composition.

In a £ifth aspect of the pregent digclosure, there ig
provided a heat radiation sheet formed from the disclosed
regin compoesgition.

In a sixth aspect of the present disclosure, there is
provided a method of improving the heat conductivity of a
regin composition comprising a resin and a magnesium
hydroxide particle, comprising mixing 100 parts by weight
of the regin with 20 to 300 parts by welight of the magnesium
hydroxide particle having a thickness of 10 nm to 0.2 pm and
an aspect ratio (long diameter/thickness) measured by a SEM

methed of not less than 10.
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DISCLOSURE OF THE INVENTION

It iz an okject of the present invention teo provide
a heat conductivity improving agent capable of improving the
heat conductivity of a resin. It is ancther object of the
pregent invention to provide a resin composition having
excellent mechanical strength such as tensile strength and
elongation and high heat conductivity as well as a molded
article obtained therefrom. It is still another object of
the present invention to provide a method for improving the
heat conductivity of & resin composition.

The inventors of the present invention conducted
studies on the improvement of a heat conductivity improving
agent comprising a magnesium hydroxide particle as an
effective component. As a result, they found that a
magnesium hydroxide particle having a high aspect ratioc has
an excellent effect ag a heat conductivity improving agent.
The present invention was accomplished based on this finding.

That is, the present invention is.a heat conductivity .
improving agent which comprises a magnesium hydroxide
particle as an effective component, having a thickness of
10 nm to 0.2 um and an aspect ratioc (long diameter/thickness)
measured by a SEM method of not less than 10.

Further, the invention is the above regin composition
comprising (i} 100 parts by welght of a resin and (ii) 20
to 200 parts by weight of a heat conductivity improving agent
which is a magnesium hydroxide particle having a thickness
of 10 nm to 0.2 pm and an aspect ratic (long
diameter/thickness)measuredbyaaSEMnethodcﬁfnot1essthan
10.

The present invention is also a molded articie of the



1o

ot
L

Z5

L)

above resin composition.

Further, the present inventlion is amethodof lmproving
the heat conductivity of a resin composition comprilsing a
resin and a magnesium hydroxide particle, comprising mixing
100 parts by weight of the resin with 20 to 300 parts by weight
of the magnesium hydroxide particle having a thickness of
10 nmte 0.2 um and an aspect ratio (long diameter/thickness)

measured by a SEM method of not less than 10.

BEST MODE FCOR CARRYING CUT THE INVENTION
<heat conductivity improving agent>

The heat conductivilty improving agent cof the present
invention comprises a magnesium hydroxide particle as an
effective compeonent, having a thickness of 10 nm to 0.2 gm
and an aspect ratic (long diameter/thickness) measured by
a S5EM method of not less than 10.

The thickness of the magnesium hydroxide particle when
measured by the ZEM method is 10 nm to 0.2 um, preferably
10 nm to 0.15 wn and more preferably 10 nm to 0.08 um. The
lower limit of the thickness ¢f the magnesium hydroxide
particle may be 20 nm. The thickness cf the magnesium
hydroxide particle is the arithmetic average of the thickness
meaguremsnt values of 10 arbltrary crystallites in a SEM
photomicrograph (20,000 magnifications) (average
thickness).

The aspect ratio {long diameter/thickness) of the
magnesium hydroxide particie is not less than 10, preferably
not lszss than 15, more preferably 10 te 100 and much more
preferably 50 to 200. The aspect ratio of the magnesium
hydroxide particle ls a value obtalned by dividing the
average long diameter obtained from the arithmetic average
cf the long diameter measurement valu@é of 10 arbitrary

™

crvstallites by the average thickness in a SEM

5

photomicrograph (20,000 magnifications:) .
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The BET specific surface arsa of the magnesium
hydroxide particle is preferably 5to 30 m*/g, more preferably
0 to 30 m?/g, much more preferably 10 to 25 H@/g and most
preferably 10 to 20 m°/g.

Preferably, the magnesium hydroxide particle has a Ca0
content of not more than 0.01 wt%, a Cl content of not more
than 0.05 wt%, an Na content of not mors than (.01 wt% and
a total content of an iron compound, manganese compound,
cobalt compound, chromium compound, copper compound,
vanadium compound and nickel compound of not more than 0.0Z2
wit% in terms of metals.

The magnesium hydroxide particle has a Mg (OH), content
of preferably not less than 99.0 wt%, more preferably not
less than 29.3% wt% and much more preferably not less than

99.8 wh3.

{process for producing magnesium hydroxide particle)

The magnesium hydroxide particle of the present
invention having a high aspect ratic is obtained when a
monovalent organic acid is existent in the production of a
magnesium hydroxide particle by hydrothermally processing
slurry coprecipitated by adding an alkali to a water—-sclukle
magnesium salt.

Examples of the water-soluble magnesium salt include
magnesium chloride, magnesiumnitrate, magnesiumacetate and
magnesium sulfate. Examples of the alkall include caustic
soda, calcium hydroxide, potassium hydroxide and ammonia
water. Examples of the monovalent corganic acid include
acetic acid, propicnic acid, butvric acid and formic acid.
Sodium salts, potassium salts, magnesium salts and calclium
salts thereof are also included,

The amount oftﬁmealkalijjapreferébly 20 to 200 moles,
more preferably 30 to 100 meles and much more preferably 40

o 90 moles based on 1 mole of the water-scluble magnesium
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salt., The amount of the monovalent crganic acid is
preferably 0.001 to 10 moles, more preferably 0.01 to 5.0
moles and much more preferably G.05 to 3.0 moles based on
1 mole of the water=soluble magnesium salt.

The hydrothermal processing temperature is preferably
100 to 300°C, more preferably 110 to 250°C and much more

preferably 130 to 200°C.

{surface treating agent)

The magnesiumhydroxide particle is preferably surface
treated with a surface treating agent. The surface treating
agent is at least cone selected from the group consisting of
higher fattiy acids, anionic surfactants, phosphoric acid
esters, coupling agents (silane~based, titanate-based and
aluminum-based), esters of a polvhvdric alcchol and a fatty
acid, acrylic polvmers and silicone treating agents.

The higher fatty aclds include higher fatty acids
having 10 or more carbon atoms such as stearic acid, erucic
acid, palmitic acid, lauric acid and behenic acid. Alkalil
metal salts of these higher fatty acids may alsc be used.

The anionic surfactants include sulfuric acid ester
salts of & higher alcchol such as stearvl alcochol or oleyl
alcohol, sulfuric acid ester salts of polyethylene glycol
ether, amide~linked sulfuric acid ester salts, ester-linked
sulfuric acid ester salts, ester~linked sulfonates,
amide-linked sulfonicacidsalts, ether~linked sulfonicacid
salts, ether-linked alkyl aryl sulfonic acid salts,
ester-linked alkyl aryl sulfonic acid salts and amide~linked
alkyl arvl sulfonic acid salts.

The phosphoric acid esters include monoesters and
diesters of orthophosphoricacidand oleyl alcohol or stearyl
alcohol and mixtures thereof. Beid and alkali metal salts
and amine salts of these esters may also be used.

The coupling agents include silane coupling agents
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auch as vinyl ethoxysilane,
vinyl-tris{Z-methoxy-sthoxylsllane,
gamma-methacryloxypropyltrimethoxysilane,
gamma-amincpropyltrimethoxysilane,

heta- {3, 4~epoxyeyclohexyl)ethyltrimethoxyslilane,
gamma~glycidoxypropyltrimethoxysilane and
gamma-mercaptopropyltrimethoxysilane; titanate-based
coupling agents such as isopropyl triisostearoyl titanate,
isopropyl tris{dioctylpyrophosphate)titanate, isopropyl
tri(N-aminocethyl-aminoethyl)titanate and isopropyl
tridecylbenzene sulfonyl titanate; and aluminum-based
coupling agents such as acetoalkoxyaluminun diisopropylate.

The esters of a polvhydric alcohol and & fatty acid
include glycerin monostearate and glycerin moncoleate.

To coat the surface of the magnesium hydroxide particle
with the above surface treating agent, a wet or dry process
known per se may be employed. For example, in the wet process,
the surface treating agent in a liguid or emulsion form is
added to magnesium hydroxide slufry and mechanically fully
mixed with the slurry at a temperature up to about 100°C.

o
£

In the dry process, the surface treating agent in a liguid,
gmulsion or solid form is added to a magnesium hydroxide
powder while 1t is fully stirred by means of a mixer such
as a Henschel mixer to be fully mixed with the powder under
heating or non-neating. The amount of the surface treating
agent to be added is preferably not mere than 10 wt%, more
preferably 1.0 to 8.0 wt%, much more preferably 1.0 to 2.0
wt% based on the welght of the magnesium hydroxide particle.
Rinsing, dehydration, granulaticn, drying, milling
and classification are suitably selected as required and
carrisd out on the surface treated magnesium hydroxide

particle to produce a final product.

(coating 1

Juil
WG
1
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To enhance the acid resistance of the magnesium
hydroxide particle, the surface of the magnesium hydroxide
particle may be coated with & coating agent having acid
resistance. The coating agent is an oxide or hydrozide of
at least one element selected from the group consisting of
silicon, aluminum, titanium, zizconia, zinc and boron. The
magnesium hydroxide particle preferably has a coating laver
made of silicon oxide or hydroxide formed by making silicic
acid or a scluble salt thereof act thereon.

The amount of the coating agent is preferably not more
than 2 wt%, more preferably 0.01 to 1.5 wt%, much more
preferaply 0.01 te 1.0 wt% based on the magnesium hydroxide
particle.

Further, the surface of the coating layer may be treated
with at least one surface treating agent selected from the
group consisting of higher fatty acids, anionic surfactants,
phosphoric acid esters, coupling agents and esters of a

polynvdric alcohel and a fatty acid.

<resin composition®>

The resin composition of the present invention
comprises {i) 100 parts by weight of a resin and (1i) 20 to
300 parts by weight of a heat conductivity improving agent,
wherein the heat conductivity improving agent is a magnesium
hydroxide particle having a thickness of 20 nm to 0.2 pn and
an aspect ratio {(long diameter/thickness) measured by a SEM
methoed of noet less than 10.

The resin composition of the present Invention may be
used a8 a sealing material for the heat gensyating parits of
semlconducteors, resistors and condensers and a material for
parts for which heat radiation Dropertv is required, such
as substrates, housings, heat exchangers and bearings.

Any resin is acceptable if it is generally used as a

1.

R

molded article. Examples of the resin include Chermoplast
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resins such as olefin (a~clefin) polymers and copolymers
having 2 to 8 carbon atoms including polyethylens,
polypropylene, ethylene-propylene copolymar, peiybutene
and poly-4-methylpentene~1, copoliymers of these olefins and
dienes, ethylene-acrylate copolymer, polvstyrene, ABS resin,
BAS resin, AS resin, MBS resin, ethylene-vinyl chloride
copolymer resin, ethylene-vinyl acetate copolymer resin,
ethylene-vinyl chloride-vinyl acetate graft polymer resin,
vinylidene chleride, polyvinyl chleride, chlerinated
polyethylene, chlorinated polypropylens, vinyl
chloride-propylene copolymer, vinyl acetate resin, phenoxy
resin, polyacetal, polyamide, polyimide, polycarbonate,
pelysulfone, polyphenvliene oxide, polyphenviene sulfide,
polyethylene terephthalate, polybutylene terephthalate and
methacrylic resin.

Preferred examples of the thermoplastic resin include
polyoiefins and copolymers thereof. Specific examples
thereof include polypropylene~based resins such as
polypropylens homopolymer and ethylene-propylene copolymer,
polyethylene-based resins such as high-density polyethylene,
low-density polvethvlene, linear low-density polyethylene
ultralow-density polvethylene, EVA (ethylene vinyl acetate
resin}, EEA {ethylene ethyl acrylate resin), EMA (ethylene
methyl acrylate copolymer resin}, EAA {ethylene acrylic acid
copolymer resin) and super high molecular weight
polyethylene, and polymers and copelymers of an olefin
(o~ethylene) having 2 to 6 carbon atoms such as polybutene
and polyé-methylpentene~1.

Further, thermosetting resins such as epoxv resin,
phenolicresin, melamine resin, unsaturated polyester resin,
alkyd resin and urea resin, and synthetic rubbers such as
EFDM, butyl rubber, isoprene rubbef, SRR, NBR,
chlerosulfonated polyethylene, NIR, urethane rubber,

butadiene rubber, acrylic rubber, zilicone rubber and



fluorine rubber may also be used.
The content of the magnesium hydroxide particle in the
resin composition is preferably 10 to 300 parts by wedlght,

more preferably 25 to 200 parts by weight based on 100 parts

{r

by weight of the resin.

The resin composition of the present invention may
comprise a heat conductivity improving aid. As the heat
conductivity improving aid may be used a fibrous or chain
inorganic substance which may be natural or synthelic.

10 Examples of the aid include fibrous inorganic substances such
as baslic magnesium sulfate, carbon fibers, wollastonite,
aluminumborate, potassium titanate, sepiolite and xonotlite,
and chain inorganic substances such as acetylene black. The
content of the heat conductivity lmproving aid in the resin

1% composition is praferably not more than 200 parts by welght,
more preferably (.01 to 150 parts by weight, much more
preferaply 0.1 to 100 parts by weight based on 100 parts by
welght of the resin.

Various additives, reinforcingmaterial and fillermay

20 be added to the reslin composition of the present invention.
fxamples of these include additives such as a vulcanizing
agent, antioxidant, ultravioclet absorbent, flame retardant,
optical stabilizer, metal inactivating agent, crosslinking
agent, colorant, curing agent, lubricant, nucleating agsnt,

25 foaming agent, deodorant, lithopone, clay, pieces of wood,
glass fibers, ferrite, carbon black, talc, mica, calcium
carbonate, red phosphorus, tin and inorganic salts thereof,
metal fibers and metal powders, reilnforcing materials and
fillers.

30

<molded article>

The present invention includés molded articles formed
from the above resin composition. The molded articies

include heat radiation sheets, heat radlation plates, heat
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radiation cases and heat radiation covers.

<method of improving the heat conductivity of resin
composition>

The present inventlon includes a method of improving
the heat conductivity of a resin composition comprising a
resin and a magnesium hydroxide particle, comprising mixing
20 to 300 parts by weight of the magnesium hydroxide particle
having a thickness of 10 nm to C.2 wm and an aspect ratioc
{long diameter/thickness] measured by a SEM meotnod of not
less than 10 with 100 parts by weight ¢f the resin. The resin

and the magnesium hydroxide particle are as described above.

EXAMPLES

The properties of the magnesium hydroxide particle and
the resin composition were measured by the following methods.
{a) Heat conductivity: based on ISO/CD 22007-2.
Apvaratus: TPA-501 hot disk methoed thermophysical property
measuring device (manufactured by Kyoto Electronlcs
Manufacturing Ceo., Ltd.), using the RIK-7 sensor having a
diameter of 7 mm
{) BET specific surface area: This was measured in
accordance with the method described in “Catalyst” (Veol. 2
No. 4, p. 473, 1960, Tokuji Takagi].

{c) Aspect ratio:

SFEM method: This was obtained from the arithmetic
averages of long-~diameter and thickness measurement values
of 10 arbitrary crystallites ina SEMphetomicrograph (20,000
magnifications) of the magnesium hydroxide particle.

Atomic force microscope method: This was measured by
means of the OLS3500 of Olympus Corporation.

{d} Ca0, Cl, HNa: flucrescent X;ray method (base: atomic
absorption method)

{e) Analysis of Fe, Mn, Cu, V, Co, Ni and Cr: ICP-MS method
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IInductively Coupled Plasma-Mass Spectrometry)

(£) Mg {OH) ,: chelate titration method

(gl Tensile strength: JIS K&301 (vulcanized rubber
pnysical metheod)

(h) Elongation: JIS K6301 (vulcanized rubber physical
method)

(1) Hardness: JIS K6253 (spring typs A)

Example 1

213 liters of a sodium hydroxide aguecus solution
having a concentration of 3.0 mcl/L was added to 400 Liters
of a mixed aguacus solution of magnesium chloride and sodium
acetate (Mg = 1.0 mol/L, sodium acetate = 1.5 mol/L, 30°C)
under agitation to carry out a co-precipitation reaction.
The whole amount of this reaction product was hydrothermally
vrocessed in a 1.0 kI autoclave at 160°C for 5 hours. After
the reaction product was cooled to 100°C or lower, it was
taken out from the autoclave, filtered, rinsed, dried and
ground.

The obtained magnesium hydroxide was cbserved through
a SEM, a photomicrograph thereof was taken, and the long
diameters and thicknesses of 10 crystallites were measured
to be averaged. As a result, the long diameter was 2.6 um,
the thickness was 0.12 um and therefore the aspect ratio was
2i. The aspect ratio measured through an atomic force

microscope was 46.

Example 2

1.8 liters of an ammonia water solution (30°C) having
a concentration of 8 mol/L was added to 4 liters of a mixed
agquecus solution of magnesium chloride and sodium acetale
both of which are extra pure reagents (Mg = 2.0 mel/L, sodlum
acetate = 2.0 mol/L, 30°C) under agitation te carry out a

co-precipitation reaction. 1 liter of this reaction product
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was collected and put into an autoclave Lo be hydrothermally
progcessed at 250°C for 3 hours. After the reaction product
was cooled to 100°C or lower, it was taken out from the

ve, filtered, rinsed, dried and ground.

v
o
o
9
O
E__i
tH

The obtained magnesium hydroxide was observed through
& SEM, a photomicrograph therecf was taken, and the widihs
and thicknesses of 10 crystallites weére measured to be
averaged. As a result, the width was 4.5 um, the thickness
was 0.06 um and therefore the aspect raticwas 75, The aspect

ratioc measured through an atomic force microscope was 130.

Example 3

1.6 liters of caustic soda having a concentration of
B8.C mol/L {35°C) was added to 5 liters of a mixed agueous
solution of magnesium nitrate and scdium propicnate both of
which are extra pure reagents (Mg = 1.5 mol/L, sodium
propionate = 1.0 mol/L, 30°C) under agitation to carry out
a co-precipitation reaction. 1 liter of this reaction
product was collected, hydrothermally processed 1n an
autoclave at 180°C for 4 hours and then tfreated in the sams
manner as in Example 1.

When the obtained magnesium hydroxide was observed
through 2 SEM, the width of a crystal was 3.8 um, the thickness
thereof was (.09 pm and therefore the aspect ratio was 42.
The aspect ratio measured through an atomic force microscope

was 73.

Example 4

240 iliters of ammonia water having a concentration of
4.0 mol/L (35°CY was added to 400 liters of a mixed agqueous
solution of magnesium nitrate and ammonium acetate (Mg = 1.5
moi/L, ammonium acetate = 1.5 mbl/L, 35°C) under agitation
to carry out a co-precipitation reaction. The whole amount

of this reaction product was hydrothermally processed in a
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1.0 ki auvtoclave at 200°C for 4 hours and then treated in
the same manner 235 in Example 1. When the obtalned magnesium
hydroxide was observed through a S3EM and a photomicrograph
therecf was taken to be measured, the crystallites had a long
diameter of 3.5 um, & thickness of 0.11 pm and therefore an
aspect ratic of 31. The aspect ratio measured through an

atomic force microscope was 73,

Example 5 {(surface treatment)

500 g of the magnesium hydroxide particle obtained in
Exanple 1 was put into a Henschel mixer, and 5 g eof vinylsilane
corresponding to 1 wt% based on the welght of the magnesium
hydroxride particle was diluted with 30 ml of ethanol under
high-speed agitation and added to the magnesium hydroxids
particle so as to treat the surface of the particle. This

was dried at 120°C.

Comparative Example 1

The procedure of Example 1 was repeated except that
sodium acetate was not used. The cryetallite of the obtained
magnesium hydroxide particle had e long diameter of 0.77 um,
a thickness of (.14 um and an aspect ratio of 5.5. The aspect
ratio measured by an atomic force microscope was 10.

The characteristic properties of magnesium hydroxide
particles obtained in Examples 1 to 4 and Comparative Example

1 are shown in Table 1.



Table 1

¥1

Example 1 Example 2 Example 3 Example 4 romparative
Example 1
Aspect ratio ! B 5 | a2 31 5.5
Aspect ratio ¥ 46 130 73 78 10
BET specific - ' ‘ )
surface area 9.5 17.0 12.1 . 13.5 6.5
(m*/g)
Cao (wt%) 0.001> T 6001 0.001> 0.001> 0,011
C{whs) 0.00% 6.013 0.010 0.010 0.037
T Na(wes) 0.001 0.001 T 0.002 0.001 0.013
Fe (wt%) 0.001 0.003 0.002 0.003 0.605
Mn (Wt %) 0.001 0.001 5.001 0.001 0.001
Cuiwts) 0.00012 0.00012 0.0001Z | 0.0001% 0.00012
V{wt%) 0.00012 0.0001%Z 0.0001Z | 0.00012 0.00012
Co(wtd) 0.0001 2 0.00012 Q.@bﬁzg 0.00012 6.00012
Ni(wt$) 0.0001% ¢.00012 0.00012 OTOGO}% ofﬁaalz
Cr (wt3) 0.00012 0.00012 0.00012 0.0001% 0.00012
Mg (OH)s {wi) 59,91 T 9990 9987 29.50 99.58

1} Aspect ratio measured by SEM method

Z2) Aspect ratlo measured by atomic force microscope method
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Example &

100 parts by weight of dimethyl vinyl silicone rubber
(TSE201 of Momentive Performance Materials Japan Inc.} and
100 parts by welght of the magnesium hydroxide particle
chtained in Example 1 as & heat conductivity filler were fed
to = kneader to be kneaded together. A dimethyl vinyl
silicone rupber compound which had been fully kneaded was
collected and uniformly mixed with 1.0 part by weight of
2,5-dimethyl-2, 5~t-butyl peroxyhexane (TC~8 of Momentive
Performance Materials Japan Inc.} as z crosslinking agent
to prepare a composition.

The cobtained composition was formed intc a 2 mm~thick
sheet which was then press vulcanized at 160°C for 10 minutes
and secondarily vulcanized at 200°C for 4 hours. 24 hours
after the vulcanized sheet was returned tonormal temperature,
the hardness, tensile strength and elongation of the sheet
were measured in accordance with JIS-KE301 ivulcanized
rubber physical method) . Further, the heat conductivity of
the shset was measured by using the TPA-501 hot disk method
thermophysical property measuring device (of Kyoto
Electronics Manufacturing Co., Ltd.) in accordance with
T60/CC22007-2. The evaluation results are shown in Table

2.

Example 7

& sheet was manufactured in the same manner as in
Example € except that the magnesium hydroxide particle
obtzined in Example Z was used in place of the magnesium
hydroxide particle obtained in Example 1 to measure its heat

conductivity. The evaluation results are shown in Table 2.

Example 8
A sheet was manuflfactured in the same manner as in

Exampie & except that the magnesium hyvdroxide particle
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chtained in Example 3 was used in place of the magnesium
hydroxide particle obtained in Example 1 to measure its heat

conductivity. The evaluation results are shown in Table 2.

Example 9

A sheet was manufactured in the same manner as in
Example 6 except that the magnesium hydroxide particle
obtained in Example 4 was used in place of the magnesium
hydroxide particle obtained in Example 1 to msasure its heat

conductivity. The evaluation results are shown in Table 2.

Comparative Example 2

A sheet was manufactured in the same manner as in
Example 6 except that the magnesium hydroxide particle
obtained in Comparative Example 1 was used in place of the
magnesium hydroxide particle obtained in Example 1 to measure
its heat conductivity. The evaluation resulits are shown in

Table Z.



Table 2

Magnesium | Temperature | Qutput | Time Heat conductivity (W/m - K) f
. SRR WU SR — Tensile
hydroxide Hardness Elongation
Specimen strength
particle (°C) (W) {sec) =1 r=2 r=3 Average {JIS ) (%}
; (MPal
in use
Ex. & Ex. 1 23 0.12 10| 0.953 | 0.945 1 0.941 3.946 41 1.57 350
Ex. 7 Ex. 2 23 0.12 10 0.859 | 0.852 | 0.948 0.953 46 2.28 Z10
Ex, 8 Ex. 3 23 Q.12 1¢ 0.948 | 0,841 | .939 0.942 45 2.15 220
BEx. & Ex. 4 23 0.12 10 1.020 1 0.987 | 0.8581 0.9322 46 2.30 190
C. B 21 C.ooBx. 1 £2 6.07 20 -1 0.548 ) 0.548 | 0.542 0.545 34 1.35 425

Example,

CLEX.:

Comparative Example

21
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Example 10-1 (produc

100 paris by weight of dimethyl vinyl silicone rubber
{(TSEZ01 of Momentive Performance Materials Japan Inc.) and
25 parts by weight of the magnesium hydroxide particle
ohtaired in Example 4 were kneaded together by means of a
double~screw open roll. In this <ase, the magnesium
hydroxide particle having a high aspect ratio was gradually
intected while the crude dimethyl vinyl silicone rubber was
wound round & roll to a roll widtih scale mark of 10. At a
off from the roll and re-kneadsd 10 times,
2.5-dimethyl-2, b-t-butyl peroxyhexane (TC-8 of Momentive
Performance Materials Japan Inc.) as a valcanizing agent was
added, and tLhe kneaded product was scraped off from the roll
and re-knesaded 10¢ times again. After the kneaded product
was scraped off from the roll and re-kneaded 10 times at a
roll width scale mark of 15, the resulting siiicone rubber
compound wasg collected.

This silicone rubber compound was formed inte a 2
mm—thick shset which was then press vulcanized at 160°C for
10 minutes and then secondarily vulcanized at 200°C for 4
hours to produce a heat radiation sheet. 24 hours after the
sheet was returned to normal temperature, the tensile
strength, elongation, hardness and heat conductivity of ths
sheet were measured. The evaluation results are shown in

Tahle 3.

Examples 10-2 to 10-4 (productiocn of heat radiaticn sheet)

Heat radiation sheets were produced in the same manner
as in Example 10-1 except that the amount of the magnessium
hydroxide particle obtained in Example 4 was changed as shown

i

in Table 3. The evaluation results are shown in Table 3.

Example 10-5
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300 ¢ of magnesium hydroxide cbtained in Exanple 2 was
ground and dispersed in isopropyl alochel by using a stirrer,
and 9 g of methyl hydrogen silicone (KF-9301 of Shin-Etsu

Chemical Co., Ltd.) was added to the resulting dispersion

e

o surface treat the magnesium hydroxide. Thereafter, the

92}

urface treated magnesium hydroxide was filltered, dried and

g

ground. 100 parts by welght of the cbtained powder and a
C

s

ossiinking agent (peroxide) were added to and mixed with

fa
]

100 parts by weight of dimethyl vinyl silicone rubber by means
of an open roll and crosslinked at 160°C for 10 minutes by
using a press molding machine to pressure form g specimen
having a diameter of 50 mm and a thickness of 3.0 mm. Thils
specimen was used to measure 1ts heat conductivity in

accordance with a steady heat flow method (based on AZTM

EL1530) . The results are shown in Table 2.

Example 10-6

After magnesium hydroxide obtained in Example 3 was
ground and surface Treated with silicone in the same manner
as in Example 53, 100 parts by weight thereof was added to
and kneaded with 100 parts by weight of dimethyl winvl
silicone rubber, and the kneaded product was molded to
produce a test specimen. The measurement result of the heat

conductivity of this test specimen is shown in Table 3.

Comparative Example 3

A heat radiation sheelt was preoduced in the same manner
as in Example 10-1 to measure its heat conductivity except
that 100 parts by weight of KISUMA 8 (magnesium hydroxide
manufactured by Kyowa Chemical Industry Co., Ltd. and having
an aspect ratio measured by a SEM method of 4.8) was used
in place of 25 parts by Qeight of the magnesium hydroxide
particle obtained in Example 4. The evaluation resultis are

shown in Table 3.
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Table 3

Ex. | Ex. | Ex. | Ex. | Fx. | Ex. | C.
L 10-7 | 10-2  10-3110-4 | 10-5 | 10-6 | Ex.

LAl

Amocunt of 3
dimethyl vinyl 100 100 100 100 100 100 100
gilicone rubber

Amount of
magnesium
hydroxide 25 45 70 100 - - -
obtained in
Example 4

Bmount of
magnesium
hydroxide - - - - 100 - -
obtained in
Example 2

Amount of
magnesium |
hydroxide T - -~ - 100 -
obtained in
Example 3

Amount of KISMA 3 - - - - - - 100

Tensilﬁ s?rength 112 11.46 1.8
(Mpa)

[
)
L
o
<
~3

0.89 1 4.81

Flongation (%) 347 340 418 351 210 215 428

Hardness {JIS A) 22 27 38 46 46 49 29

Heat
conductivity 0.3510.5010.6510.80:0.8510.91:0.%4
{(W/m-K)

Ex.: Example
C.Ex.: Comparative Example
KISUMA &: magnesium hydroxide manufactured by Kyowa Chemical

Industry Co., Ltd. (aspect ratioc measured by SEM methad: 4.8)

Effect of the Invention

Since the heat conductivity improving agent cf the
present invention comprises a magnesium hydroxide particle
having a high aspect ratio as an effective component, it can
provide high heat conductivity to a resin. A resin
composition comprising the heat conductivity improving agent
of the present invention has high heat conductivity.

hecording to the method of improving heat conductivity of
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the present invention, the heat conductivity of a resin
composition can be improved without deteriorating the

hvsical propertiss of the resin composition.
¥ e
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1. A heat conductivity improving agent comprising a
magnesium hydroxide particle having a thickness of 10 nm to

0.2 pm and an aspect ratlo (long diameter/thickness) measured

by a SEM method of not less than 10.

2. The heat conductivity improving agent according to
claim 1, wherein the aspect ratio of the magnesium hydreoxide

particle is not less than 15.

3. The heat conductivity improving agent according to

claim 1, wherein the BET specific surfage area of the

e

&8

magnesium hvdroxide particle is 10 to 30 m’/g.

4. The heat conductivity improving agent according to
claim 1, wherein the magnesium hydroxide particle haz a Cal
content of not more than 0.01 wi%, a Cl content of not more
than 0.05 wt$%, & Na cbntent.of’not mere than 0.01 wt%, a total
content of an iron compound, manganese compound, cobalt
compound, chromium compound, copper compound, vanadium
compound and nickel compound of not more than 0.02 wf% in

terms of metals, and a Mg (0OH), content of not less than %39.5

wig.
>, The heat conductivity improving agent according to
claim 1 which is surface treated with at least one surface

treating agent selected from the group consisting of higher
fatty acids, anicenlic surfactants, phosphoric acld esters,
coupling agents, esters of a polyhydric alcohol and a fatty

aoid and silicenes oil.

a. The heat conductivity improving agent according to

claim ! which has a coeating layer made of an oxide or hydreoxide
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of at ieast one slement selected from the group consisting

of silicon, aluminum, titanium, zirconis, zinc and boron.

7. The heat conductivity improving agent according to
ciaim 1 which has a coating laver made of silicon oxide or
hydroxide formed by making silicic acid or a soluble salt

therectf act thereon.

8. The heat conductivity ilmproving agent according to
claim ¢ or 7, wherein the surface of the coating laver is
further treated with at leasi one surface treating agent
selected from the group consisting of higher fatiy acids,
anionic surfactants, phosphoric acidesters, coupling agents

and esters of a polyhydric alcchol and a fatty acid.

9. A heat dissipation agent comprising the heat
conductivity improving agent of claim 1 as an effective

component .

10. A resin composition comprising (i) 100 parts by weight
of & resin and {11} 20 to 300 parts by weight of a heat

conductivity improving agent which is a megnesium hydroxide
particle having & thickness of 10 nm to 0.2 um and an aspect
ratio ({long diameter/thickness) measured by a SEM method of

not less than 10.

1L, The resin composition according to claim 10, wherein

the resin is silicone rubber.

12. B molded articie formed from the resin composition of

claim 10.

3. A heat radiation sheet formed from the resin

ford

composition of claim 140.
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14, A method of inmproving the heat conductivity of a resin
composition comprising a resin and a magnssium hydroxide
particle, comprising mixing 100 parts by weight of the resin
with 20 te 300 parts by welght of the magnesium hydroxide
particle having a thickness of 10 nm to G.2 pm and an aspect
ratic {long diameter/thickness] measured by a SEM method of

not less than 106.



ABSTRACT

A heat conductivity improving agent which can provide
high heat conductivity to a resin.

The heat conduchtivity improving agent comprises a
magnesium hydroxide particle having a thickness of 10 nm to
0.2 pmand an aspect ratio {long diamster/thickness! measured

by & SEM method of not less than 10.



