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Description
HYPERBRANCHED ORGANIC MODIFIER, METHOD OF
PREPARING THEREOF AND ORGANO-MODIFIED CLAY

USING THE SAME
Technical Field

[1] The present invention relates to a method of preparing an organic modifier used in
preparing a polymer-clay nanocomposite. More particularly, the present invention
relates to a method of preparing a hyperbranched polymer organic modifier which is
stably dispersed in water and polar organic solvent. The present invention provides a
polymer-clay nanocomposite prepared by using the organic modifier.

[2]

Background Art

[3] Clay used in preparing polymer-clay nanocomposites has a layered- structure in
which silicate plates are layered on a nanoscale by van der Waals' force. A polymer-
clay nanocamposite makes the layered silicate structure exfoliated. This allows silicate
to disperse uniformly on a nanoscale in polymer resins, so that the polymer resin can
have better mechanical properties than conventional polymer resins and can achieve
new properties such as gas shielding and thermal resistance that are not seen in con-
ventional resins.

[4] However, the clay used in a nanocomposite is itself hydrophilic and it is mainly
acquired by treating natural montmorillonite with a metal cation. Further, there are dif-
ficulties in exfoliation and dispersion of the layered-structure into hydrophobic
polymer resins because strong van der Waals' force acts between layers of silicate
plates.

[5] In order to solve those problems, U.S. Patent Nos. 4,889,885 and 4,810,734 disclose
a method of preparing an organic modified clay, in which a layered clay is subjected to
ion exchange with an organic cation having a low molecular weight and whose
structure has an affinity with polymer resin to expand the interlayer distance of the
clay.

[6] Because an organoimodified clay has micron sized particles, it is necessary to use a
material which is capable of interaction between a polymer matrix and clay to disperse
the clay on a nanoscale basis. In general, the clays may obtain compatibility with a

polymer resin by conversion of the clays to ammonium or phosphonium form.
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However, conventional nanoclays in ammoniumn form have low thermal stability and
are susceptible to decomposition during molding processes at around 200 °C or more,
which results in poor elongation and toughness as well as discoloration in the
nanocomposite. Therefore, conventional nanoclays in anmonium form have limits in
application. On the other hand, nanoclays in phosphoniun form have better thermal
stability than nanoclays in ammonium form, but have low compatibility with polymer
resins. Thus, nanoclays in phosphonium form show low improvement of flexural
modulus and weak elongation.

[7] Furthermore, organo-modified clays employing conventional organic modifiers have
some disadvantages that they cannot be dispersed either in water or in any polar
organic solvent.

[8] Accordingly, the present inventors have developed a method of surface treating clay
for polymer-clay nanocomposites by organic treatment of the surface of clay with a
novel hyperbranched polymer having a three-dimensional structure, so that the clay
can have good dispersibility in polar organic solvent and improved thermal stability.

[9]

Disclosure of Invention
Technical Problem

[10] An object of the present invention is to provide a method of preparing an organic
modifier which can stably disperse clays either in water or polar solvent in the process
of preparing a polymer-clay nanocomposite.

[11] Another object of the present invention is to provide a method of preparing a
polymer-clay nanocomposite in which clays are well dispersed by interaction between
a polymer matrix and an organic modifier.

[12] A further object of the present invention is to provide a polymer-clay nanocomposite
having good thermal stability and good mechanical properties by using the surface-
treated clay.

[13] Other objects and advantages of this invention will be apparent from the ensuing
disclosure and appended claims.

[14]

Technical Solution

[15] One aspect of the invention provides a method of preparing a hyperbranched organic

modifier. The method comprises a step of reacting (a) a tertiary amine compound

having at least two terminal hydroxyl groups with (b) at least one multifunctional



WO 2009/005190 PCT/KR2007/007006

monomer having at least two terminal functional groups capable of reacting with the
hydroxyl groups.

[16] Another aspect of the present invention provides a hyperbranched organic modifier
prepared by the foregoing method.

[17] In an exemplary embodiment of the invention, the hyperbranched organic modifier
has a nunber average molecular weight of about 200 to about 30,000, about 5 to about
300 hydroxyl groups per polymer chain and about 0 to about 100 carbonyl groups of
per polymer chain.

[18] A further aspect of the present invention provides an organo-modified clay treated
with the foregoing hyperbranched organic modifier. The organo-modified clay has an
interlayer distance of from about 3 nm to about 20 nm.

[19] In an exemplary embodiment of the invention, the organo-modified clay is treated by
adding the hyperbranched organic modifier to water-dispersed layered silicates to
perform an ion exchange reaction.

[20] The layered silicate is at least one selected from the group consisting of montmo-
rillonite, hectorite, saponite, laponite, beidellite, bentonite, nontronite, vermiculite,
illite, muscovite, pyrophilite and mica.

[21] A further aspect of the present invention provides a nanocomposite resin employing
the foregoing organo-modified clay. The nanocomposite resin comprises about 100
parts by weight of a base resin and about 0.1~20 parts by weight of the organo-
modified clay prepared by the above method. The base resin is one or more selected
from the group consisting of high impact polystyrene resin, polyolefin resin,

polyamide resin, acrylic resin, polyester resin and ABS resin.

[22]
Best Mode for Carrying Out the Invention

[23] The organic modifier of the present invention may be prepared by reacting (a) a
tertiary amine compound having at least two terminal hydroxyl groups with (b) at least
one multifunctional monomer having at least two terminal functional groups capable
of reacting with the hydroxyl groups.

[24] The tertiary amine compound (a) is capable of substitution reaction with layered
silicates and has at least two terminal hydroxyl groups.

[25] The tertiary amine compound (a) of the present invention is represented by the
following Chemical Formula 1.

[26]

[27] [Chemical Formula 1]
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[28]
R, N R.
R,

[29] wherein R is a C ~C aliphatic group having a terminal hydroxyl group or a terminal
amine group;1 R , anld Rj are independently a C1~C18 aliphatic group having a terminal
hydroxyl group; and the functionality of the tertiary amine is 2~3.

[30] The multifunctional monomer (b) of the present invention has at least two terminal
functional groups which can react with the hydroxyl groups of the compound
represented by Chemical Formula 1 to conduct esterification. The multifunctional
monomer (b) is represented by the following Chemical Formula 2.

[31]

[32] [Chemical Formula 2]

[33] AX—R—By

[34]

[35] wherein R is a Cl_20 aliphatic or aromatic group or a derivative thereof; A and B are
selected from the group consisting of hydroxyl group, amine group, epoxy group, and
carboxyl group; x is 1 or 2; y is an integer from 1 to 4; and the functionality of the
multifunctional monomer is 2~6.

[36] Examples of A and B may include A=carboxyl group and B=hydroxyl group, or
A=epoxy group and B=hydroxyl group.

[37] Examples of the multifunctional monomer (b) may include glycidol, dihy-
droxybenmic acid, hydroxyisophthalic acid, bishydroxymethylpropionic acid, trishy-
droxyphenylethan, bisphenyl thiophenyl sulfoxide, bisaminophenoxy benmic acid,
bistrimethylsiloxy benzyl chloride, hydroxyalkoxy isophthalate and the like.

[38] The organic modifier can be prepared by a condensation reaction between the
campound of Chemical Formula 1 and the compound of Chemical Formula 2, thereby
obtaining a hyperbranched polymer. The hyperbranched polymer can be prepared by a
conventional esterification reaction, and the reaction conditions can be varied
according to the types of compounds of Chemical Formula 1 and 2.

[39] In the esterification reaction, about 1 mol of a compound having Chemical Formula 1

and about 1 mol or more, preferably about 2 mol or more, of a compound having
Chemical Formula 2 are stirred under a nitrogen atmosphere, while gradually raising
the temperature. When water or alcohol is produced in the esterification process, the

temperature is maintained until the reaction is completed to obtain a hyperbranched
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polymer having an ester group.

[40] The hyperbranched polymer obtained from the above has a tertiary amine structure,
therefore it can be easily changed to ammonium salt by HCI. Therefore, the hy-
perbranched polymer can be intercalated into the layered silicates due to the
ammoniun salt.

[41] The hyperbranched organic modifier prepared by the above method may have a
number average molecular weight of about 200 to about 30,000, about 5 to about 300
hydroxyl groups per polymer chain and about 0 to about 100 carbonyl groups per
polymer chain.

[42] Due to its highly branched structure, the organic modifier of the present invention
may have lower chain entanglement and packing density than a linear polymer and
may have relatively more space between the polymer chains. These characteristics may
contribute to easy expansion of the interlayer distance of silicate, compared to other
conventional organic modifiers.

[43] A further aspect of the present invention provides an organo-modified clay which
can be stably dispersed either in water or in polar organic solvent by employing the hy-
perbranched organic modifier.

[44] In one embodiment, the organo-modified clay may be treated with the hyperbranched

organic modifier and the interlayer distance thereof ranges from about 3 nm to about

20 nm.

[45] The organo-modified clay can be treated by adding the hyperbranched organic
modifier to water-dispersed layered silicates to perform a conventional ion exchange
reaction.

[46] The layered silicate in which polymer can be intercalated has a basic interlayer

distance of about 9~13 nm, and a cation exchange capacity of about 50~300 meq/
100g, preferably about 90~130 meq/100g. In addition, the layered silicate has an
average particle size in the range of from about 0.1 pm to 50 ym, preferably about 25 ym
or less, and more preferably about 10 xm or less.

[47] Examples of the layered silicate which meet the conditions described above may
include montmorillonite, hectorite, bentonite, saponite, laponite, beidellite, nontronite,
vermiculite, illite, muscovite, pyrophilite, mica, and the like. Preferably sodium mont-
morillonite and sodiun hectorite may be used. The layered silicates may be used alone
or in combination with one another.

[48] In one embodiment, organo-modified clay may be prepared by the following method.

[49] A layered silicate is added to deionized water and then stirred to prepare a dispersion



[50]

[51]

[52]

[53]

[54]
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solution. In an exemplary embodiment of the invention, about 1~10 parts by weight,
preferably about 1~5 parts by weight, of silicate is added into about 100 parts by
weight of deionized water and the temperature is raised to about 90 °C or less,
preferably about 50~85 °C.

An aqueous solution of organic modifier of the present invention is subsequently
added to the dispersion solution. In an exemplary embodiment of the invention, the
aqueous solution of organic modifier is added in an amount of about 5~20 parts by
weight per about 100 parts by weight of deionized water. The amount of HCI and the
organic modifier may be controlled according to cation exchange capacity. When the
aqueous solution of organic modifier is gradually added to the dispersion solution, the
organic modifier in the aqueous solution of organic modifier intercalates into layered
silicates, thereby significantly increasing the density. The resulting solution is
subjected to several filterings and washings, followed by completely drying through
vacuun drying or freeze-drying to prepare an organo-inodified clay in powder form.

In the present invention, interlayer distance, hydrophilicity and oleophilicity of
organo-modified clay can be variously controlled by the types of monomer (chemical
formula 2) and molecular weight of the hyperbranched polymer.

In one embodiment, the hydrophilicity may be improved by employing a su-
perbranched polyol having a small nunber of carbons and a large nunber of ether or
ester groups. Examples of the superbranched polyol may include water-soluble
polyglycerol having a hyperbranched structure, which can have average molecular
weight selected from the range of about 500 to about 4,000.

In another embodiment, the oleophilicity may be improved by forming ester bonds or
peptide bonds between functional groups (including alcohol groups, carboxyl groups
or alkylester groups) of the hyperbranched polymer and by forming a compound
having phenol group using a surface functionalization reaction of amines.

The organic modifier of the present invention may lead to the structure which is well
dissolved in water and has high compatibility with polymer. In particular, the organic
modifier has good miscibility with polar solvents such as N, N'-dimethylformamide
(DMF) and N-methylpyrrolidone (NMP) and can effectively treat clay. Therefore, the
organo-modified clay treated with the organic modifier may form a dispersed phase in
polar solvent. Furthermore, since the organic modifier of the present invention has a
reactive group (hydroxyl group or amine group) which improves interfacial adhesion
strength between polymer and organo-modified clay by reacting with polymer, it

provides good physical properties. At the same time, since the organic modifier has a
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[58]

[59]

[60]
[61]

[62]
[63]
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highly branched structure, it has low chain entanglement and packing density as
campared to a linear polymer. Therefore, it has relatively more space between the
polymer chains. As a result, the organic modifier can easily enlarge the interlayer
distance of clay by controlling the molecular weight of the organic modifier, and the
polymer can be easily intercalated into the interlayers of the organoimodified clay.

The organo-modified clay of the present invention can be melt-blended with a resin
such as high impact polystyrene resin (HIPS), polyester resin, polyolefin resin,
polyamide resin, acrylic resin, rubber-modified aromatic vinyl-cyanide vinyl graft
copolymer resin and the like to prepare a polymer-clay nanocomposite having good
impact strength and thermal stability. The amount of the organo-modified clay may be
preferably about 0.1 to about 20 parts by weight, more preferably about 1 to about 10
parts by weight, per about 100 parts by weight of the resin. Good impact strength and
thermal stability can be obtained using such a range.

Further, when the organo-modified clay of the present invention is used to prepare a
polymer-clay nanocomposite in an in-situ solution polymerization, it may improve
polymerization stability and dispersibility.

Since the hyperbranched organic modifier of the present invention has many terminal
functional groups which cause high interfacial adhesion strength between polymer and
clay, it provides good physical properties. Moreover, the highly branched structure of
the organic modifier of the present invention may lead to an increase in the interlayer
distance of clay so that the polymer can be easily intercalated into the interlayers of the
organo-modified clay to form a nanocomposite having an intercalated or exfoliated
structure.

The invention may be better understood by reference to the following examples
which are intended for the purpose of illustration and are not to be construed as in any
way limiting the scope of the present invention, which is defined in the claims

appended hereto.

Mode for the Invention
Examples

Example 1: Synthesis of Hyperbranched Polyglycerol Organic
Modifier

As shown in Reaction Formula 1, 12 g of N-methyldiethanolamine was added to a

1,000 ml round-bottom flask. Then, 400 g of glycidol and 6 g of NaOCH ,asa catalyst
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were dropwise added to the flask through a dropping funnel under stirring. The
reaction was carried out at the temperature of 95 °C for 12 hours under a nitrogen
atmosphere. After the reaction was completed, the resulting reaction product was
dissolved in methanol and precipitated in acetone to obtain a transparent hy-

perbranched polyglycerol organic modifier in the form of a highly viscous fluid (yield:

78 %).
[64]
[65] [Reaction Formula 1]
[66] il -
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[67]
[68] Example 2: Synthesis of Hyperbranched Alyfatic Polyester Organic
Modifier
[69]

[70] 300 g of 2,2-bis hydroxyl methyl propionic acid (BHMP) and 22.5 g of
2-ethyl-2-hydroxymethyl-1-3-propanediol were added to a 1000 ml round-bottom flask
which contains 12 g of N-methyl diethanol amine in the presence of nitrogen under
stirring. The reaction was carried out at the temperature of 140 °C for 2 hours under a
nitrogen atmosphere, followed by removing byproducts of condensation poly-

merization through vacuum distillation (12 mbar, cooling trap) at room temperature for
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1 hour. Then, 8.94 g of 2,2-bishydroxymethylpropionic acid was further added thereto,
followed by a secondary hyperbranching polymerization at 140 °C for 2 hours. As
above, byproducts of condensation polymerization were further removed by vacuum

distillation to obtain a hyperbranched aliphatic polyester (yield: 68 %).

[71]

[72] Preparation of Organo-Modified Clay

[73] Example 3

[74]

[75] 15 g of Na+montmorillonite (Cloisite Na+) was added into a 2,000 ml round-bottom

flask and 1,000 ml of deionized water was poured into the flask. The mixture was
vigorously stirred so that montmorillonite could be well dispersed in deionized water.
The organic modifier obtained from Example 1 containing twice the cation exchange
capacity of Na+montmorillonite was dissolved in water or in mixture of alcohol
(ethanol, isopropilalcohol) and water, followed by adding 2.8 ml of hydrochloric acid
to cationize the tertiary amine in the organic modifier. The organic modifier solution
was poured into the dispersed clay suspension to prepare an organo-modified clay by a
cation-exchange reaction. The reaction was carried out at the temperature of 65 °C for
24 hours. The resulting organo-treated montmorillonite was separated by cen-
trifugation, washed with deionized water or with a mixture of alcohol and deionized
water, and freeze-dried for two days. The freeze-dried organoimodified clay was
pulverized to the size of 200 um or less and then stored. The interlayer distance of

organo-modified clay and the ion exchange rate are shown in Table 1.

[76]

[77] Examples 4~8

[78]

[79] Examples 4~8 were conducted in the same manner as in Example 3 except that the
types of monomer and the molecular weight of organic modifier were changed as in
Table 1.

[80]

[81] Comparative Example 1

[82]

[83] Na+montmorillonite which was not organo-treated was used and the interlayer
distance was measured.

[84]

[85] Comparative Example 2
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[86]
[87] Cloisite 10A manufactured from Southern Clay Product Inc. was used and the
interlayer distance was measured.
[88]
[89] Comparative Example 3
[90]
[91] Cloisite 30B manufactured from Southern Clay Product Inc. was used and the
interlayer distance was measured.
[92]
[93] Table 1
[Table 1]
[Table |
monomer (clay types molecular |Interlay |Ion
types weight er exchange
(Mn) of distance |ratio(%)
organic (nm)
modifier
Comp. |1 - Na+montmorillonite - 1.17 -
Examp |5 . Cloisite 10A - 192 |-
1
N I Cloisite 30B . 185 |-
Examp (3 Glycidol  |Na+montmorillonite 500 3.02 58.4
le 4 Glycidol  |Na+montmorillonite 1000 4.98 53.2
5 Glycidol  |Na+montmorillonite 2000 7.12 34.1
6 BHMP Na+montmorillonite 600 4.34 51.8
7 BHMP Na-+montmorillonite 1200 6.85 47.6
8 BHMP Na+montmorillonite 2400 9.78 32.9
[94]
[95] The interlayer distance of the organo-modified clay in Table 1 above was measured

by X-rays diffraction (XRD) and was examined using CuKa(A=0.154 nm) beam. The
ion exchange rate represented the degree of substitution by organic modifier through

an ion exchange reaction and it was measured by thermogravimetric analysis (TGA).

[96]
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[97] Dispersion Stability of Organo-Modified Clay in Water
[98]
[99] 1.0 g of clay and 30 g of water were added to a 50 ml vial. The mixture of clay and

water was treated with ultrasonic waves for 1 hour, placed at room temperature for 7
days, and then compared with the organo-modified clay of Comparative Examples 2
and 3 and the hyperbranched organo-modified clay of Examples 3 and 6 with regard to
dispersion stability in water.

[100] As showed in Table 2, while precipitation occurred in water for Cloisite 10A and
Cloisite 30B, the organo-modified clay of the present invention formed a stable
dispersed phase.

[101]

[102] Table 2
[Table 2]

[Table |

SpecimenDescr |Clay types Dispersion Measuring |dispersion

iptions medium period stability

Example 3 |Na+montmorillonite |Deionized water |7 days Good dis-

-Glycidol persability

6 [Na+montmorillonite |Deionized water |7 days Good dis-

-BHMP persability

Comparativ |2 |Cloisite 10A Deionized water |7 days precipitation

e Example 3 |Cloisite 30B Deionized water |7 days precipitation

[103]
[104] According to the present invention, it will be easily understood by those skilled in the
art that simple modifications and changes can be made thereto. Also, such modi-

fications and changes are encompassed within the scope of the present invention.
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Claims

A method of preparing a hyperbranched organic modifier comprising:

reacting (a) a tertiary amine compound having at least two terminal hydroxyl
groups with (b) at least one multifunctional monomer having at least two
terminal functional groups capable of reacting with said hydroxyl groups.

The method of Claim 1, wherein said tertiary amine compound (a) is represented
by the following Chemical Formula 1:

[Chemical Formula 1]

wherein R1 isa C1~C8 aliphatic group having a terminal hydroxyl group or a
terminal amine group; R , and R3 are independently a C1~C18 aliphatic group
having a terminal hydroxyl group; and the functionality of said tertiary amine is
2~3.
The method of Claim 1, wherein said multifunctional monomer (b) is
represented by the following Chemical Formula 2:
[Chemical Formula 2]
A -R-B

X y
wherein Ris a C  aliphatic or aromatic group or a derivative thereof; A and B
are selected froml_tzl(ie group consisting of hydroxyl group, amine group, epoxy
group, and carboxyl group; x is 1 or 2; y is an integer from 1 to 4; and the func-
tionality of said multifunctional monomer is 2~6.
A hyperbranched organic modifier prepared by the method as defined in any one
of claims 1 to 3, wherein said hyperbranched organic modifier has a nunber
average molecular weight of about 200 to about 30,000, about 5 to about 300
hydroxyl groups per polymer chain and about O to about 100 carbonyl groups per
polymer chain.
An organo-modified clay treated with the hyperbranched organic modifier as
defined in claim 4, wherein said organo-modified clay has an interlayer distance
of from about 3 nm to about 20 nm.
The organo-modified clay of claim 5, wherein said organo-modified clay is

treated by adding the hyperbranched organic modifier to water-dispersed layered
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silicates to perform an ion exchange reaction.

The organo-modified clay of claim 6, wherein said layered silicates are at least
one selected from the group consisting of montmorillonite, hectorite, saponite,
laponite, beidellite, bentonite, nontronite, vermiculite, illite, muscovite, py-
rophilite and mica.

A nanocomposite resin comprising:

about 100 parts by weight of one or more base resin selected from the group
consisting of high impact polystyrene (HIPS) resin, polyolefin resin, polyamide
resin, acrylic resin, polyester resin and rubber-modified aromatic vinylcyanide
vinyl graft copolymer resin; and

about 0.1 to about 20 parts by weight of the organo-modified clay as defined in

claim 5.
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