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Abstract

Surface-modified fillers are described charajcto:i:'izad by
the fact that the fillers repregent reactive inorbanic fillers
and the modifying agernt represerntcs an.amphxphilic,aminoplastic-
ether polymer or copolymer of the structural type

i
R R

| |

-Z=-CHy [O-CH;-CH:] .02~ i

b err—" r—— ¢ e oy —y— - R

{

in which: : '
Z denntes the same or different aminoplaetici ceritral unitsas
based on melamine-formaldehyde or u.r.a-formaldehyido ciarivativem
n = 10 tO 500; '
R denotea the group - [O~CH;~CHz] nO-S

in which m = 5§ to 500 and

S reprasants a subgtituted or unsubstituted alkyl aryl,
alkaryl or aralkyl group. '

| f

GESAMT SEITEN 19
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IRANSLATION FROM GERMAN

Patent Application

Use of amphiphilic polymers or copolymers for surface
modification of reactive inorganic fillers

Description

The invention concerns surface-modified active inorganic
fillers modified with amphiphilic polymers or copolymers, as
well as their use in polymera, especially PVC.

PVC can be stabilized by a numbar of additives (R.
Gachter, H. Mnllet, Carl Hanser Verlag, 3™ edition, 1989,
Plastic Additives). In addition to ordinary additives, like
epoxidized fatty acid esters, zinc, cadmium, lead and/or alkall

and/or alkaline earth carboxylates or aluminum carboxylates,
phosphites; antioxidantg, B-dicarbonyl compounds, plasticizers,
lubricants and pigments. fillers are used. Hydroxides,
carbonates, silicates, dolomites can be used as fillers and e.g.

titanium dioxide and/oxr zirconium oxide can be used as pigments.
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The composition can also contain at least one zeolite compound
and a layered compound, like hydrotalcite. Hydrotalcites are
described in EP-A-0 772 648 as active fillers with a stabilizing
effect in PVC.

DE iOO 38 147 Al describes amphiphilic graft polymers
or copolymers that contain the same or different
base polymer chains, the same or different central units based
on a melamine-formaldehyde or urea-formaldehyde derivative, as
well as the same or different polar or nonpolar side chains.
These graft polymers or copolymers can be used, among other
things, as adhesion promoters between inorganic or organic
pigment and/or filler surfaces and organic polymer matrices. NO
specific data are present concerning the type of pigments or

fillers.

It was found that active fillers, like hydrotalcite for
polymer magses, can be strongly electrostatically charged during
grinding and therefore are difficult to transport or pack into
sacks. These fillers also had a tendency to agglomerate and
adhere to surfaces of the employed egquipment and pipes, which
often led to clogging. The task therefore consisted of finishing
these fillers antistatically. At the same time, the antistatic
agent was not supposed to adversely affect the stabilizing
effect of these fillers in polymer masses, especirally in

halogen-containing polymer masses, like polyvinyl chloride.

Linear aminoplastic-ether copolymers are known from USA-A

5 627 232, 5 622 373 and 5 914 373 that contain a bifunctional

alkylene oxy group and a skeletal group of an aminoplastic, like

glycoluril.



CA 02417624 2006-09-01

25199-240

It was found that amphiphilic aminoplastic-ether polymers
are particularly suitable for surface modification of reactive

inorganic fillers.

The invention provides surface-modified fillers
characterized by the fact that the fillers represent reactive
inorganic fillers and the modifying agent represents an
amphiphilic aminoplastic-ether polymer or copolymer of the
structural type

R R
| ' |

~Z-CH; [O-CH;-CH,] n0Z~

in which:
7 denotes the same or different aminoplastic central units

based on melamine-formaldehyde or urea-formaldehyde derivatives;
n = 10 to 500;
R denotes the group - [0-CH,-CH,}O-R*

in which m = 5 to 500 and

R' represents a substituted or unsubstituted alkyl, aryl,

alkaryl or aralkyl group.

The term "aminoplasts" is the term for melamine, urea,

benzoguanine and carbamide ester resins. Resin i1n this context
means that the melamine, urea, benzoguanine or carbamide

monomers were polymerized with formaldehyde to form a "resin".

Reactive inorganic fillers for polymer masses are

understood to mean organic filylers that interact in any way

with the polymer masses or their decomposition products.

Specific mechanical and/or physical properties of the polymer
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matrix can be altered with fillers. Since the active function
can be different in nature, a definicion 1is only possible in
conjunction with the corresponding polymer. Such fillers are
flame retardants and rveinforcing fillers, for example. In
addition, these fillers can react with gubstances that form
during thermal, chemical or radiation-induced decompeorition of
the polymer masses. The substances include hydrogen halides that
form during decompeosition of halogen-containing pelymer masses,
like polyvinyl chloride (PVC).

The reactive fillers preferred for use in halogen-
containing polymers are double-layer hydroxides with internal
crystalline charge balance and can be described by the followlng
genearal formula:

[M“I’;-,.M‘u”, (OH) .1 B -nK,0
in which M'*® denotes a divalent metal ion, MY a trivalent
metal ion, B a mono- or polybasic organic or inorganic anion and
n = 0-10. There are natural and synthetic double-layer
hydroxides in which MY is a divalent icn, for example,
magnesium, zinc, caleium, iron, ccbalt, coppar, cadmium, nickel
and/or manganese and MY is a trivalent ion, for example,
aluminum, iromn, boron, manganese, bismuth and/or cerium.

A double-layer hydroxide that occurs in nature is
hydrotalcite, which is derived from the mineral bzrucite and
gatigfies the follawing ideal formula:

[MgecAl; (OH) 3¢l CQ5 - nHL0

Some magnesium ions in hydrotalcite are replaced by
aluminum iong so that the individual layer acquires a positive
charge. This is balanced by carbonate anions that are situated

in the  interlayers together with water of crxrystallization.
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The double-layer hydroxide, however, can also be easily
produced synthetically by conversion of di- and trivalent metal
salt solutions, for which DE-A-198 36 580 is referred to.

Magnesium oxide, hydroxide cr carbonate, as well as
dolcomite, calcium carbonate (for example, chalk) are consideared
as example for reactive flllers from the group of oxides,
hydroxides or carbonates of alkaline earth metals. Either the
natural mineral or synthetically produced preducts can be used
for this purpose. Calcium carbonate is used with particular
preference, whilch during decomposition of polyvinyl chloride
reacts with the formed hydrogen chloride and in this manner
fulfille the dual function of an HCl scavenger and a processing
auxiliary. The same applies for zinc carbonate. The
corresponding oxides and hydroxides have this dual function,
since water 1s liberated during conversion af these substancag
with hydrogen chloride, which interrupts combustion.

Surface modification of the active filler preferably
occurs with amphiphiliec aminoplastic-ethexr polymers. The
aminoplastic central unit is preferably derived from monomers of
the formula



CA 02417624 2003-01-28
- 6 [

Glycolurii Benzoguanamine

Preferably R represents a lower alkyl group, espeacially a methyl
or ethyl group. Z is preferably derived from glyecoluril.

The molar ratic between aminoplastic central unit Z and
the group - [OCH,-CH;]p-0O- is preferably abocut 0.5 to 2,
especially 0.5 to 1.7.

The molar ratio between substituents R and the
aminoplastic central unit Z is preferably about 0.5 to 4,
especially about 0.5 to 2,

The amphiphilic polymer or copoclymer is prefarably praesent
in an amount of about 0.1 to 5, especially about 0.1 to 2 wt.
At amocunts of more than about 5 wt%, problems can occur during
incorporation of the surface-modified fillexrs in the polymer
masses. An unduly high fraction of amphiphilic peolymer in
halogen-concaining polymer masses reduces the thermal stability
of PVC.
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The gbiject of the invention is also a method for
producticn of the surface modifled in orxrganic fillers describad,
characterized by the fact that

(a) a solution or a guspenaioﬁ of amphiphilic polymer or
copolymer is contacted with a raactive fillexr in the
form of a dry powder, a wet mass Or a suspension, the
soclvent or dispersant is removed and the cbtained
product opticnally ground; or

(b) the amphiphilic polymer or copolymer is contactad
with cthe reactive filler in the form of a melt; or

(c¢) the amphiphilic polymer or copolymer is ground dry
with the rsactive filler.

The method according to the invention i1s preferably
conducted sc that (variant a) the amphiphilic polymer or
copolymer is initially allowed to swell in an organic cosoclvent;
or (variant h) tha melt of the amphiphilic polymer or copolymex
i3 applied at a temperature between the melting point and 200°;
or (variant c¢) grinding 1s carried ocut at a temperature between

room temperature and 200°C.

An ohject of the invention is also the use oif the surface
modified inorganic active filleys just defined as additives to
polymer masses, especially to halogen-containing polymer masses
like polyvinyl chloride.

The surface modified fillers can be processed to a
compound according to the usual methods with the polymer masses.
Commercial mixing unicse offer themselves as compounding
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aggregates for this purpeosge, like single or twin-screw kneaders ;
co-kneaders, internal mixers or a roll stand (PVC). The cantants
of surface-modified fillers can be added in an amount of 0.1 toO
70 wt% depending on the filler and the corresponding polymer
matrix. Hydrotalcites are genarally added to halogen-containing
polymers between 0.1 and a maximum of 15 wt%.

The invention is explained nonrestrictively by the
following examples.

Example 1

A hydrotalcite in carbonate form produced according to
example 2 (a) of DH-A 198 36 580 was used.

100 g ©Of this hydrotalcite was coated with 0.5, 1.0 and
2.0 wt¥ of an amphiphilic copolymer of the aforementioned
general formula in which for compound A, Z = glycoluril, n =
180, m = 16, § = triatyrylaryl and for compound B, 2 =

glycoluril, n = 180, m 40, S = arxylacryl.

Differential calorimetry studies (DSC) showed that the
melting point of the two modifying agents lies at 49.5°cC.

Dacomposition occurred at temperatures of about 120 to 180°C.
Brown coloration appeared after 3 hours at 180°C.

Coating of the reactive filler was conducted as follows.

Variant (a)

10% aquecus solutions of organic modifying agents A and B
were applied to 50 g wet hydrotalcite filter cake (water content
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about 35 wt%), dried at 150°C for 2 to 3 hours in a drying
| |
cabinet, and ground. |

Variant (b)

The organic modifying agents A and B were mixed in highly
crushed form with the hydrotalcite filcer cake before or after

drying, and ground.
variant (c)

The organic modifying agents A and B were melted and mixed
with the hydrotalcite before or after drying, and ground. The
vigcosity of the modifying agents is so limited at 60 to 80°C
that it can be added dropwisa.

Variant (d4)

Hydrotaleite is mixed with water, and the organic
modifving agents A and B are added under good agitation. Thae
obtalned slurry can be fed to drving, for example, by means of a

spray dryer. The slurry can also be filtered and the filterx
ragsidue fad to drying, for example, belt drying.

The method according to the invention can expediently be

integrated in a process for production and processing of
fillers.

Tha hydrotalcites modified according te variants (a) to

(d) were incorporated in known fashion dry in the soft BVC
powder mixtures. The PVC powder contains stabilizers (zinc
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atearate, Rhodiastab 50) and plasticilzers (diisocdodecyl
phthalate) .

For comparison, an unmodifiad hydrotalcite from Kyowa Co.
and the hydrotalcltes modified with compound A and B according
to example 2 (b) of DE-A-198 36 580 ware incorporated in soft
PVC powder. For this purpose, the flller was mixed with the saft
BVC powder and plasticized in known fashion on a mixing roll
stand at 180°C or in a kneader.

The results are shown in Table I.

Table I. Properties ¢of surface-modified hydrotalcites.

HT and compound | HT and compound
"Alcamizer 1" B A
(Kyyvowa Co.)
——
BRI B MO
iy
discoloration 195 min | 207 min | 190 min [ 207 min
i R -1 el ¥ il
glass good good

The stabilizing effect of additilves, especially

hydrotalcites, is checked in PVC generally with a VDE test
according to DIN 53 5§81 PVC A or VDE 0472 8§ 614 and the Mathis
furnace test. In the VDE test, the time that causes an
irreversible chemical change from the affect of heat and is
characterized by release of HCl is determined. The split-off HC1
is determined by the color change of a universal indicator paper

at pH 3. The parcentage time deviation from the standard is
evaluated.
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ITn the Mathis furnace thermotesgst, PVC samples are exposed
to a heat load of different length, which 1s stipulated by the

advance of a slide from the furnace. The color trend of the

sample strip serves as relative gauge of the static temperature

resistance.

The results of Table I show that no adverse effect on heat
stability could be observed from 1 wt% with compound A or B in
the example according to the invention. It was found that a
clearly antistatic finishing of the active filler with compounds
A and B 1s possible, which significantly simplifies the
flowability and consequently transport in the installations and

packing into sacks of the filler.

The effect of the antistatically finished active filler on
the electrical properties in PVC rolled sheet was investigatéd
with an annular electrode. Measurement of the conductivity of
the surface according to ASTM D257 is an evaluation criterion
for antistatic additives. The surface conductivity shows whether

the material possesses high or limited conductivity, but is not

necessarily a gauge of electrostatic power.

The results of the conductivity measurement on soft PVC

rolled sheets are summarized in Table II.

Experiment no. 1 contains the unmodified hydrotalcite
T

Alcamizer 1 from Kyowa Co., experiment no. 2 contains

- hydrotalcite modified with compound A (2 wt% modifying agent
referred to HT).
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Table II.

Specific

Resigtance/0 at Spacifia

100 V; 23.9°C: registance at registanca at
20 V; 23.7°C; L00 V,; 23.9°;
RH 1S5%
Experiment 1 ; 10 1.78 10 -
Experiment 2 1.3 * 10 1.98 - 10*

The magnitude of the measured surface resistance lies in
the range of insulating materials, i.e., the surface-mecdified

hydrotalclite has no effect in the employad amount on tha
electrical conductivity of the PVC rolled sheet. This is

evaluated positively for application of soft PVC mixture as a
cable sheathing (insulator).

The wetting effect in the agueous phase was also
investigated. The unmodified hydrotalcite is not ;w.et:ted by watexr
in this case and floats on the water surface. The surface-
modified hydrotalcitaes A and B are well wetted by water and can
be readily suspended. This property is important for mixing in
polar media. '

Example 2

Surface modification of calcium carbonate.

100 g calcium carbonate was coated with 0.5 wt%, 1.0 wtk,
4.0 wt¥ and 4.0 wt¥% compound A and compound B. coé.ting was

cenducted according to variants (a) to (d).
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- Bxample 3

Surface modification of magnesium hydroxide;;.

100 g magnesium hydroxide was coated with Dfs wt%, 1.0

wtd¥, 2.0 wt¥% and 4.0 wth compound A and compound 'B Coating was
oonducted accoxrding to variants (a) to (d).

le 4

Surface madification of hydromagnesite.

100 g hydromagnesite was coated with 0.5 wt%, 1.0 wt%, 2.0
wts and 4.0 wt% compound A and compound B. Coating was conducted
according to variants (a) to (d).
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CLAIMS:
1. A surface-modified filler, wherein the filler 1is

reactive i1norganic filler which 1s modified by an
amphiphillic aminoplastic—-ether polymer or copolymer of the

5 structural type:

~Z~CH,[0~-CH,~CH,]0Z-

wherein:

10 Z represents the same or different aminoplastic
central units based on melamine-formaldehyde or urea-

formaldehyde derivatives;
n = 10 to 500; and
R represents the group -[0-CH,-CH,]1.,0-R!, wherein:

15 m = 5 to 500, and

R' represents a substituted or unsubstituted alkyl,

aryl, alkaryl or aralkyl group.

2. The surface-modified filler according to claim 1,
wherein the reactive inorganic filler is a double-layer
20 hydroxide, or an oxide, hydroxide or carbonate of an

alkaline earth metal, or zinc.

3. The surface-modified filler according to claim 2,

wherelin the double-layer hydroxide is hydrotalcite.

4, The surface-modified filler according to any one

25 of claims 1 to 3, wherein the aminoplastic central units Z

are derived from monomers of the general formulae:
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_CH,OR
Y ROHzCZN N N“CH20R
COFLC /u\ ROH,C \I/ T 2
AN /CH20R Or
N N N
ROH,C” Y “CH,OR \\1.\1/
ROH,C~ “CH,OR
urea formaldehyde melamme formaldehyde

CH,OR CH,OR
l ' N N

N N N
O< >:O Of ROH,C_ k ?k _CH,OR
N N N N N

| | ROH,C” “CH,OR
CH,OR CH;0R

glycoluril benzoguanamine

wherein R represents a lower alkyl group.

5. The surface-modified filler according to claim 4,

wherein R represents a methyl or ethyl group.

6. The surface-modified filler according to claim 4,

wherein 72 i1s derived from glycoluril and R represents an
alkyl group with 5 to 15 carbon atoms or an alkaryl group
with 5 to 15 carbon atoms in the alkyl group.

7. The surface-modified filler according to any one
of claims 1 to 6, wherein the molar ratio between the
aminoplastic central units Z and the group —-[OCH,-CH,;]—-0O- 1is

about 0.5 to 2.

8. The surface-modified filler according to claim 7,

wherein the molar ratio i1is about 0.5 to 1.7.

9. The surface-modified filler according to any one

of claims 1 to 8, wherein the molar ratio between the
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substituent R and the aminoplastic central units Z 1s about

0.5 to 4.

10. The surface-modified filler according to claim 9,

wherein the molar ratio is about 0.5 to 2.

5> 11. The surface-modified filler according to any one
of claims 1 to 10, wherein the amphiphilic polymer or

copolymer 1s present in an amount of about 0.1 to 5 wt$%.

12. The surface-modified filler according to claim 11,

wherein the amphiphilic polymer or copolymer 1s present 1in

10 an amount of about 0.1 to 2 wt%.

13. A method for production of a surface-modified

filler according to any one of claims 1 to 12, comprising:

(a) contacting a solution or a suspension of the
amphiphilic polymer or copolymer with the reactive inorganic

15 filler 1in the form of a dry powder, a wet mass or a

suspension, whereln a solvent or dispersant is removed and

the attained product optionally ground; or

(b) contacting the amphiphilic polymer or
copolymer in the form of a melt with the reactive inorganic

20 filler; or

(c) dry grinding the amphiphilic polymer or

copolymer with the reactive inorganic filler.

14, The method according to claim 13, variant (a),

whereln the amphiphilic polymer or copolymer is initially

25 allowed to swell in a solvent.

15. The method according to claim 13, variant (b),
wherein the melt of the amphiphilic polymer or copolymer is

brought to a temperature between the melting point and
200°C.
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16. The method according to claim 13, wvariant (c),

wherelin grinding 1s conducted at a temperature between room

temperature and 200°C.

17. Use of the surface-modified filler according to

5 any one of claims 1 to 12, or produced according to any one

of claims 13 to 16 as an additive to a polymer mass.

18. The use according to claim 17, wherein, the

polymer mass 1s a halogen-containing polymer mass.

19. The use according to claim 17 or 18, wherein the

10 surface-modified filler 1s added to the polymer mass in an

P

amount of about 0.1 to 70 wt%.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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