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COORDINATION-POLYMERIC

lizers instead of PB stabilizers. Other countries such as SWe

TRIETHANOLAMINEPERCHLORATO(TRIFLATO)MHmAINorWay and Finland Wish to folloW this ban. An
INNER COMPLEXES AS ADDITIVES FOR
EU-Wide lead ban is currently being negotiated in the com

petent authorities.
There is thus a need for organic (“green”) stabilizers Which
are free of heavy metals/heavy metal compounds or other
toxicologically unsafe metals/metal compounds, and are
especially free of lead, tin and barium.

SYNTHETIC POLYMERS

The present invention relates to compositions composed of

synthetic polymers and coordination-polymeric triethanola
mineperchlorato(tri?ato)metal inner complexes, and to stabi
lizer systems comprising the inner complexes. The invention

Alkali metal or alkaline earth metal perchlorate salts in the

further relates to selected inner complexes and to their prepa
ration.

presence of metal soaps are costabilizers for ?exible PVC

Which have been knoWn for some time, especially in the
motor vehicle sector, and this additive is intended to retard

It is knoWn that halogenated plastics or moulding materials
produced therefrom lead to degradation or decomposition

let light.
To stabilize PVC, for example, before processing, heavy

PVC discoloration in backmoulded PU injection mouldings
(JP 59184240, JP 6219732, JP 03097748, US. Pat. No.
4,957,954, EP 273766 A, JP 03126745).
Later, it Was found that the addition of inorganic perchlo
rate salts leads to an improvement in the e?icacy of organi

metal stabilizers based on Cd, Pb, Sn and Zn or toxicologi
cally less dangerous metals such as barium have been used to
date in industry. In these cases, the already harmful effecti

cally stabilized (heavy metal-freeIZn- and Pb-free) rigid
PVC (EP 768336 A2).
A further inorganic perchlorate salt-containing stabilizer is

reactions When they are exposed to thermal stress or come

into contact With high-energy radiation, for example ultravio

5

20

With regard to improved absorbability and compatibility in
Warm-blooded organismsiis additionally increased by con

likeWise knoWn from Japan. This is an anion-modi?ed hydro
talcite. It is likeWise used principally in ?exible PVC (EP

version to organic metal compounds based on fatty acids, eg
laurates, stearates and oleates, or by virtue of transformation
to organo derivatives (organometallic compounds or metal
organyls), especially in the case of tin. Speci?cally in the

522810 A2).
Recently, tWo applications Which describe the replacement
of inorganic perchlorate salts by onium salts, speci?cally
ammonium perchlorate salts, have been published (DE
10160662 A1, DE 10214152 A1). TWo further applications

25

latter case, the alkylation of the metal to form a metal-carbon
bond Which is hydrolysis-stable even under metabolic condi

tions provides a gastric juice-resistant system Which is
capable of overcoming the blood-brain barrier in order to
develop a possibly neurotoxic potential.
These problems affect not only the users of ?nished PVC
articles but also their manufacturers, Which incorporate such

for uses in the PVC sector likeWise come from Japan; they
30

mmonium perchlorate surfactants (JP 1090242), Which can
?nd use as antistats. In addition, there exists another larger

group of Japanese patents Which claim tetraalkylammonium

heavy metal stabilizers in the PVC substrate. Also affected are

the producers of these stabilizers themselves, Which convert
heavy metal precursors to precisely these stabilizers.
In addition to the toxic effect on Warm-blooded organisms,
these metals and their (organic) compounds or organo com
pounds have “ecotoxic action”, i.e. a harmful effect on ?sh,
crabs and other seaWater and freshWater organisms; see “List

35

o?‘e (GAK), [4], 298-308 (1973).
40

A further modi?cation (on an inorganic basis) of alkali
metal perchlorate salts is accomplished by addition of cal
cium hydroxide (DE 10124734 A1). This dry mixture is

45

obtained by an “in situ” process from aqueous perchlorate salt
solution and burnt lime.
It is also knoWn that melamine and hydantoin can be
blended With perchlorate salts and these mixtures can be used
as PVC thermal stabilizers (JP 53016750). HoWever, the

zinc as Well as lead, cadmium, arsenic and mercury. See also

examples cited there usually use large amounts of plasticizer
or immensely high proportions of calcium stearate and/or
large amounts of inorganic ?llers. For the stabilization of
rigid PVC, though, these systems are unsuitable.

others, the objective values for zinc Were not met. In addition,
in the seWage sludge directive of the German Federal Envi

ronment O?ice (BGBl. I p. 1492, last update 25 Apr. 2002),
maximum amounts for heavy metals, speci?cally Pb, Cd, Cr,
Cu, Ni, Hg and Zn, are ?xed. It is also possible for inorganic
heavy metal salts, through the mechanism of biomethylation

50

Moreover, it is knoWn that primary alkanolamines can be
complexed With zinc glutamate or sulphate. Also described in
EP 394547 A2 are stabilizer systems for PVC Which include
liquid alkali metal or alkaline earth metal perchlorate com

present in nature, to be converted to highly neurotoxic com

pounds. What should be contemplated here are especially

perchlorate surfactants as antistatic components in PVC. Also
Worthy of mention in this connection are DE 2540655A and

the publication by S. Riethmayer in Gummi, Asbesl, Kunslsl

of Priority Hazardous Substances” agreed at the Third North
Sea Conference (The Hague, March 1990). This list includes

Guideline 2000/ 60/EC (Determination of the List of Priority
Substances in the Field of Water Policyilast update Novem
ber 2001) and the “Progress Report” of the Fifth North Sea
Conference (Bergen, March 2002), Which states that, among

comprise, inter alia, compounds including triethanolammo
nium (TEA) perchlorate (JP 61009451) or trialkylethanola

55

plexes With polyols as components. N-containing polyols as
complex ligands and complexes in solid form are not claimed.

trimethyllead and trimethyltin compounds. Organic stabiliz

It is also knoWn that alkanolamines can be used together With

ers based on the elements C, H, N, O are converted in refuse

perchlorate salts as PVC thermal stabilizers (WO 02/ 48249).

incineration to CO2, H20 and ammonium compounds, all of

Solid solutions or complexes or even inner complexes are not

Which are biocompatible. Heavy metal compounds, in con
trast, are not degraded, and are thus persistent and therefore
bioaccumulate.
The substitution of heavy metal stabilizers by organic com
pounds should therefore be an important contribution to
achieving this aim. In the UK and Denmark, the use of Pb
stabilizers in PVC drinking Water pipes Was banned at the end
of 2002 and 2003 respectively. In Denmark, this ban is addi
tionally combined With the requirement not to use Sn stabi

described there. In addition, solutions of metal perchlorate
60

salts in glycols or glycol ethers as stabilizer constituents are

claimed (WO 94/24200). In addition, absorbates of alkali
metal or alkaline earth metal perchlorates on zeolites or cal

65

cium silicate have been described many times before in pat
ents, such as in EP 768336 A2 and US. Pat. No. 5,034,443,
and also in US. Pat. No. 5,225,108. HoWever, these are men
tioned speci?cally as stabilizer components in EP 1404756
A1.
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All of these publications are characterized by further

Furthermore, the object is achieved by a stabiliZer system

for synthetic polymers, comprising a coordination-polymeric
triethanolamineperchlorato(tri?ato)metal inner complex

numerous disadvantages:

1.Vir‘tually all inorganic perchlorate salts melt at above 250°
C., usually above 300° C., and decompose as they do so.
They are therefore dif?cult to disperse homogeneously in
the polymer substrate and dif?cult to digest. Moreover,
oWing to their granularity, they often form spots and inclu
sions in the ?nished moulded article. Fine grinding of the
perchlorate salts, Which might provide a remedy, is tech

comprising the monomer unit of the formula (A):
(A)

nologically dif?cult to carry out.
2. Inorganic perchlorate salts are in most cases hygroscopic
and cake or agglomerate in the course of storage. This is

shoWn by the fact that magnesium perchlorate is even used
as a desiccant.

3. Inorganic perchlorate salts on supports, such as calcium
silicate or Zeolites, are not usable universally. Transparent

rigid PVC products cannot be produced With these addi
tives.
4. Aqueous solutions or solutions of these salts in an organic
solvent can be used in principle, but, ?rstly, Water in the
stabiliZer system leads to incompatibility and interreaction

in the polymer, and to bubble formation. Secondly, addi
tion of organic solvents in rigid PVC leads to a loWering of
the Vicat value (80° C.), and to volatile organic vapours in
the course of extrusion and calendering (VOC problems).

Where
20

MtILi, Na, K, Mg, Ca, Sr, Ba and Zn;
An:OClO3 or OS(O2)CF3;
(1:1 or 2.
BRIEF DESCRIPTION OF THE DRAWINGS

5. Particular organic perchlorate salts, speci?cally primary,

FIG. 1a is a micrograph of a TEAP crystal at a ?rst scale;
and

secondary and tertiary amine perchlorates are dangerous to
handle oWing to their tendency to decompose spontane

It has been found that the inventive inner complexes (A) do

25

FIG. 1b is a micrograph of a TEAP crystal at a second scale.

ously as NH perchlorates, and ammonium perchlorate, as
the last member in this series, is even used as a rocket fuel

30

not have at least some of the disadvantages outlined in points
1-6. For instance, the novel compounds often exhibit a sharp
m.p ., and usually also melt at a loWer temperature and Without

component. Moreover, amine perchlorates are not optimal

in relation to their melting points. Quaternary ammonium

decomposition. The melting points are higher than 80° C. but

perchlorates have not been described before as thermal
stabiliZers for PVC, but have only a modest performance as
such stabiliZers.
6. The amines on Which the amine perchlorates are based

usually beloW 200° C., ie they have no adverse effect on the

generally have a highly degrading effect in PVC (e.g. nico
tinic esters, formamide and trioctylamine).
Quaternary ammonium perchlorates Which have been pro
posed as PVC antistats and Whose thermally stabiliZing
action in PVC is mentioned should be treated With scepticism,
since it has been found that precisely this compound class has
thermally degrading action in PVC.
It is therefore an object of the present invention to provide
compositions and stabiliZer systems Which alleviate the dis
advantages of the prior art at least partly.
The object is achieved by a composition comprising at least
one synthetic polymer and at least one coordination-poly

35

40

distribution is ensured in the course of hot mixing. The poW
der blends are not tacky oWing to the lack of hygroscopicity,
do not cake, do not agglomerate and are free-?owing. The
products can be stored under air Without loss of quality. The
solids do not have any sharp-edged crystals, i.e. do not have
an abrasive effect in the course of processing. The incorpo
ration into a stable cage structure (metallatrane cage or aZa

45

cage) phlegmatiZes the perchlorate group.
The thermally stabiliZing action of these inner complexes,
particularly in the form of tWo-substance and three-substance

meric triethanolamineperchlorato(tri?ato)metal inner com

plex comprising the monomer unit of the formula (A):

Vicat (80° C.) value of the ?nished moulding and melt homo
geneously at the processing temperatures, Which prevents
spot formation and solid particle inclusion. It is thus possible
to produce transparent PVC articles. Homogeneous product

50

combinations With initial colour improvers (ICIs) and hydro
gen chloride scavengers (SCVs) is enhanced signi?cantly
compared to that mentioned in the prior art (PA). These prod
uct properties Were surprising. Perchlorato-TEA inner com

plexes (TEA?riethanolamine) of lithium, sodium, strontium
and barium have been described before in J. G. VERKADE et

(A)

al., Inorg. Chem. 33, 2137 (1994). For some of these inner
55

complexes, an X-ray structural analysis @(SA) has already
been carried out. For the sodium and barium inner complexes,

the folloWing stoichiometry is found [(TEA)NaOClO3]n and
[(TEA)2Ba(OClO3)2]2, the degree of oligomeriZation or
polymeriZation being evident from the XSA. The inner com
60

plexes are anhydrous. In the case of the sodium inner com

plex” With the m.p. of 129-130° C., the XSA shoWs the
folloWing image: the sodium cation has four ligands in the
coordination sphere; a TEA group acts as a tetradentate, non

Where

MtILi, Na, K, Mg, Ca, Sr, Ba and Zn;

bridging K-N O3 ligand, tWo bridging non-chelating TEA

An:OClO3 or OS(O2)CF3;

groups (u-ligands) and a perchlorate anion With monodentate
bonding. This gives rise to a total coordination number of

(1:1 or 2.

seven for sodium. Since the perchlorate anion functions as a

65
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5
perchlorato ligand, these substances are included in the class

Linear or cyclic ureide and/or polyaminocrotonic esters

of the inner complexes. Surprisingly, such inner complexes

and/or cyanamides of the formulae (B-l) and (B-2) and/or
dihydropyridines of the formulae (C-l) and (C-2):

are suitable in stabilizer systems for synthetic polymers and

in compositions comprising them. The synthetic polymer is
preferably a halogenated polymer, especially PVC. OWing to
the particular suitability for halogenated polymers, reference

m

is made to them beloW in the description of the invention.

2

R2

HoWever, it should be emphasiZed that non-halogenated syn

|

|

thetic polymers can also be stabiliZed in the context of the
present invention. The suitability of such a complex structure

(B- 1)

Rl/NTNYY and

is also surprising because the prior art (D. S. VAN ES in
Catalytic Heat Stabilizers: Fact 0rFicti0n?*9th lntern. PVC

x

o

Conf., Brighton, April 2005) states that perchlorate salts sta

(3-2)

biliZe PVC effectively only When a “bare” perchlorate anion
and hence a likeWise “bare” metal cation are present. This can

be equated With a non-coordinating perchlorate anion and a
non-coordinating metal cation, Which cannot be reconciled
With the structural features outlined for (A). All inventive
compounds are solids and comprise TEA as a tertiary alkano
lamine as a complex ligand.

NH2

0

15

Mo K R3
20

and

1) abbreviated to TEAP in this patent document.

It Was also surprising that this speci?c ligand property of
TEA, since the introduction of additional methyl groups (con
version from the tertiary alkanolamine TEA to the tertiary
alkanolamine TIPA) changes this complexation feature to

(C-1)
25

WIIW

such an extent that an attempt to prepare and isolate solid

homologous TlPA complexes fails. It is likeWise impossible
to introduce a single methyl group or a long-chain (surfactant)

R7

radical into the TEA ligand, since the stable inner complex
(cage) structure is disturbed here too.

I|\I

R7

H

30

The present invention further provides inner complexes of
the formula (A), as speci?ed above, Where MtILi, Na or Ca;
(1:1 or 2 and AnIOClO3 or OS(O2)CF3; preferably, MtILi,
and

Na; (1:1 and AnIOClO3.

(C-2)

The present invention further provides inner complexes in
Which Mt:Ca and (1:2.
The folloWing inner complexes are listed (Where the fol
loWing abbreviations are used: perchlorato:Pc and

tri?ato:Tf):
[(TEA) NaPc] [A-l], [(TEA) NaTf] [A-2], [(TEA) LiPc]
[A-3], [(TEA) LiTf] [A-4], [(TEA) KPc] [A-5], [(TEA)
KT? [A-6l, [(TEA); Mg(PC)2l [A-7l, [(TEA)2 Mg(TD2l
[A-81, [(TEA)2 Ca(Pc)21 [A-91, [(TEA)2Ca(Ti)21 [A401,
[(TEA» Sr(Pc)21 [A411, [(TEA» Srmm [A421,

Where
XIO or S; YICH2CN, ZIH, orY and Z form the bridging
member CH2iC:NH, CR5:CiNHR6 or RIRZC.

R1, R2 are each independently H, Cl-C22-alkyl, cyclohexyl,

(meth)allyl, oleyl, phenyl, benZyl, phenethyl, (tetrahydro)
naphthyl, meth (or eth)oxypropyl (or ethyl), CHZi
55

CHOHiRl”, CH2%HOHiCH2X'Rl”;
X'IO or S;

RIGIH, Cl_22-alkyl, cyclohexyl, (meth)allyl, oleyl, phenyl,
benZyl, phenethyl, (tetrahydro)naphthyl or meth (or eth)

oxypropyl (or ethyl);

[(TEA)2 Zn(Pc)2] [A-13], [(TEA)2 (Zn/TDZ] [A-14], 60 R3Iunbranched or branched C2-C2O-alky1ene Which may be
The inventive inner complexes (A) are preferably used in
the halogenated polymer at appropriately 0.001 to 5 phr,
preferably 0.01 to 3 phr and very particularly 0.01 to 2 phr.
The inner complexes (A) may be combined With further
substance groups as folloWs:

interrupted by l to 4 oxygen or sulphur atoms and/ or may
be substituted by l to 4 OH groups, or dimethylolcyclo

hexane-1,4-diyl, polyethylene (or -propylene) glycol-(x41)
diyl (preferably, poly?etra to deca), polyglyceryl-ot,u)
65

diyl (preferably, poly?etra to deca) or glyceroltriyl,

trimethylolethane (or -propane)triyl, pentaerythritoltri (or
-tetra)yl, bis(trimethylolethane (or -propane)tri (or -tetra))

US 7,74l,390 B2
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yl, diglyceroltri (or -tetra)yl, tetritoltetrayl, triglyceroltri
(or -tetra, -penta)yl, pentitolpentayl, dipentaerythritol

octylidene, nonylidene and decylidene, and also salicylidene
and cinnamylidene. The names apply to linear and branched

penta (or -hexa)yl and hexitolhexayl;

representatives. Preference is given to propylidene, hexy
lidene, heptylidene and octylidene. Particular preference is
given to hexylidene and heptylidene.
The substituent R6 denotes hydrogen and hydroxy-C2-C4

n:2, 3, 4, 5 or 6;
RSIH or (C3-ClO-alkylidene)1/2; Where this alkylidene may
be interrupted by up to 2 oxygen atoms or may have up to
2 substituents selected independently from the group con

alkyl. The latter group includes 2-hydroxyethyl, 2- and 3-hy
droxypropyl, and 2-, 3- and 4-hydroxybutyl. Preference is
given to 2-hydroxyethyl and to 2- and 3-hydroxypropyl. Par
ticular preference is given to hydrogen.
In addition, R6 is allyl or 3-Cl-C1O-alkoxy-2-hydroxypro

sisting of OH, phenyl and hydroxyphenyl;

R6IH, hydroxy-C2-C4-alkyl, 3-C1-ClO-alkoxy-2-hydrox
ypropyl, or mono- to trihydroxy-, mono- to tri-Cl-C4

alkyl- or/and mono- to tri-Cl-C4-alkoxyphenyl, allyl,

pyl. This includes 3-methoxy-, 3-ethoxy-, 3-propoxy-, 3-bu
toxy-, 3-pentoxy-, 3-hexoxy-, 3-heptoxy-, 3-octoxy-, 3-non

mono- to trisubstituted phenyl;

R7, R7’ are each independently branched and unbranched

Cl-C4-alkyl, phenyl, cyclohexyl;

oxy- and 3-decoxy-2-hydroxypropyl. Preference is given to

allyloxy-, 3-butoxy-, 3-octoxy- and 3-decoxy-2-hydroxypro

WICOZCH3, CO2C2H5, CO2'qCl2H25 or CO2C2H4iSi

Pyl

nC12H25;

L, Tqlnsubstituted Cl_l2-alkyl; and

In addition, the substituent R6 is mono- to trisubstituted

phenyl, Where the substituents may be hydroxyl or/and
Cl-C4-alkyl or/and Cl-C4-alkoxy, and the combination of

m and n' are each integers of 0 to 20,
k is 0 or 1 and

of the i(CPH2PiX"i)tCPH2Pi type Where p is an inte

hydroxyl With methyl, ethyl, propyl and butyl, and of
hydroxyl With methoxy, ethoxy, propoxy and butoxy. Prefer
ence is given to the hydroxyl, methyl, butyl, methoxy and

ger of2 to 8, t is an integer of0 to 10 and X" is oxygen or

ethoxy radical as the substituent. Particular preference is

R and R' are each independently ethylene, propylene, buty

20

lene or an alkylene- or cycloalkylenebismethylene group

sulphur.

given to the hydroxyl and methoxy group. Preference is given

The radicals speci?ed in brackets are further alternative

25

radicals; for instance, polyethylene (or -propylene) glycol
means polyethylene glycol orpolypropylene glycol. This also
applies hereinafter.
Likewise surprising Was the ?nding that the combination of

inner complexes (A) With aminocrotonates or dihydropy
ridines (B-2, C- 1, C-2) improves the transparency behaviour.

30

droxy-5-t-butylphenyl; and 2-, 3- and 4-meth(eth)oxyphenyl.
The compounds (B-l) may also be present as hydrates.
35

In the case of (B-l), in all cases, X:O or S. In linear

ureides, Y:CH2CN and ZIH. In the case of cyclic ureides,
the bridging memberYiZ:CH24C:NH in the case of the

acids,

the

bridging

member

are preferably used in microniZed form (particle siZe <50
40

interrupted by from 1 to 4 oxygen or sulphur atoms or/and
may be substituted by from 1 to 4 OH groups, preference is

50

given to ethanediyl-l,2, propanediyl-l,2, propanediyl-l,3,
butanediyl-2,3,
butanediyl-l ,4,
CHZCHZOCHZCHZ,
CH2CH2OCH2CH2OCH2CH2,
CH2CH2SCH2CH2,
CH2CH2OCH2CH2
OCH2CH2OCH2CH2,
CH2CH2SCH2CH2SCH2CH2,
C3H6OC3H6,
C3H6OC3H6OC3H6C3H6OC3H6OC3H6OC3H6OC3H6CH2
CHOHCH2OCH2CHOHCH2,

55

CHZCHOHCHZOCH2CHOHCH2OCH2CHOHCH2. Par
ticular preference is given to CHZCHZCHZCH2 and
CH2CH2SCH2CH2. Tetritol is preferably erythritol, arabini
tol and xylitol; hexitol is preferably mannitol and sorbitol.
Preferred representatives of the individual substance

The substituents R1 and R2 may be Cl-C22-alkyl, speci?
45

heneicosyl and docosyl, Where these radicals may be
branched or unbranched. Preference is given to C l-Cs-alkyl,

particular preference being given to methyl, ethyl, propyl and
butyl. In addition, R1 and R2 may be cyclohexyl, (meth)allyl,

oleyl, phenyl, benZyl, phenethyl, methoxyethyl, ethoxyethyl,
methoxypropyl and ethoxypropyl. Preference is given to allyl

and phenethyl, cyclohexyl, benZyl, methoxypropyl and
ethoxypropyl, particular preference to cyclohexyl, benZyl,
methoxypropyl and ethoxypropyl.

pm).
For (B-2) containing R3 as C2-C2O-alkylene Which may be

YiZ:CR5:CiNHR6 in the case of the aminouracils, and
the bridging member YiZIRIR2C in the case of the hydan
toins. In the case of (B-2), n:2, 3, 4, 5 or 6.

cally methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentade
cyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, eicosyl,

This is preferably the case WhenY and Z are CR5:CiNR6;

more preferably when R1 or/and R2#methyl. The hydrates
may be present, for example, in the form of the hemi-, sesqui
or dihydrate. High-melting cyclic ureides (m.p.: >180o C.)

lae and indices are as folloWs:

6(4)-imino-barbituric

hydroxyl With meth(eth)oxy or of hydroxyl With monomethyl
or dimethyl, and to the combinations of methyl, ethyl, propyl
and butyl With methoxy; ethoxy, propoxy and butoxy. Spe
ci?c examples include: 2-, 3- and 4-hydroxyphenyl; 2-hy

droxy-4-methylphenyl; 2-hydroxy-5-methylphenyl; 2-hy

For instance, transparencies of more than 90% can be
achieved When formulation constituents Which otherWise
impart transparency are used.

Preferred de?nitions of the substituents, empirical formu

to mono- and disubstitution. HoWever, particular preference
is given to mono sub stitution. Particular preference is likeWise
given, in the case of polysubstitution, to the combinations of

groups are listed beloW. The list is not restrictive but rather

Preferably, X:O and, more preferably, Rl:CH3 and

selective.

R2:CH24CHOHiRl“, Where R1“ is preferably H, CH3,

(B-l)iLinear acylureides (linear ureides, acylcarbam

C2H5, or R2:CH24CHOH4CH2ORl“, where R” is pref
erably H or C l-C lO-alkyl and allyl.

ides, acylureas), such as [l] N,N'-dimethyl-, [2] N,N'-di
60

Cl-Clo-Alkyl includes, for example, methyl, ethyl, n-pro

pyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, hexyl,
heptyl, octyl, 2-ethylhexyl, nonyl, decyl, neodecyl.
R5 is hydrogen or (C3-C1O-alkylidene)l/zithe index 1/2
states that the products are bis-products, i.e. alkylidenebis-6
aminouracils. Alkylidene groups include ethylidene, propy

lidene, butylidene, pentylidene, hexylidene, heptylidene,

ethyl-, [3] N,N'-dipropyl-, [4] N,N'-diallyl-, [5] N,N'-dibu
tyl-, [6] N,N'-dioctyl-, [7] N,N'-didodecyl- and [8] N,N'
dibenZylcyanoacetureide, [9] N- or N'-monomethyl-, [10] N
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or N'-monoethyl-, [11] N- or N'-monopropyl-, [12] N- or
N'-monoallyl-, [13] N- or N'-monobutyl-, [14] N- or
N'-monopentyl-, [15] N- or N'-monohexyl-, [16] N- or

N'-monoheptyl- and [17] N- or N'-monooctyl-, [l8] N,N'

monocyclohexyl-[l9] N,N'-monobenZyl- and [20] N,N'

US 7,741,390 B2
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monophenylcyanoacetureide. Preference is given to [1], [2],

Reaction of N-monosubstituted 6-aminouracils With

[3114115118],[91,110],[111,112],[13l,[18],[19land[20]

C-glycidyl compounds and glycidyl (thio)ethers or esters

Particular preference is given to [1], [4], [8], [12], [18], [19]
and [20]. Very particular preference is given to [1].

forms N,N'-disubstituted 6-aminouracils. The folloWing are

mentioned by name: [90] 1-methyl-3-(3-isopropoXy-2-hy

droXypropyl)-, [91] 1-phenyl-3-(3-isopropoXy-2-hydrox
ypropyl)-, [92] 1-methyl-3-(3-tert-butoxy-2-hydroxypro
pyl)-, [93] 1-benZyl-3-(3-isopropoXy-2-hydroXypropyl)-,

(B-1)4Cycloacylureides (cyclic ureides, 6(4)-iminobar
bituric acids or 6-iminohydrouracils or 6(4)-iminodihydro

pyrimidine-2,4-diones), such as [21] (CAS No. 17743-04-3)

[94]

N,N'-dimethyl-, [22] N,N'-diethyl-, [23] N,N'-dipropyl-, [24]
N,N'-diallyl-, [25] N,N'-dibutyl-, [26] N,N'-dioctyl- and [27]
N,N'-didodecyl-, [28] N,N'-dibenZyl-6(4)-iminobarbituric
acid, [29] (CAS No. 17743-03-2 and 17743-02-1) N- or
N'-monomethyl-, [30] N- or N'-monoethyl-, [31] N- or
N'-monopropyl-, [32] N- or N'-monoallyl-, [33] N- or
N'-monobutyl-, [34] N- or N'-monopentyl-, [35] N- or
N'-monohexyl-, [36] N- or N'-monoheptyl-[37] N- or N'-mo
nooctyl-, [38] N or N'-monocyclohexyl- or [39] N or

loxy-2-hydroxypropyl)-6-aminouracil. Preference is given to

[90], [92], [94], [95], [96], [97], [99], [102] and [103]. Par
ticular preference is given to [90], [92], [95], [99], and [103].
Very particular preference is given to [95], [99] and [103].

N'-monophenyl- and [40] N,N'-monobenZyl-6-iminobarbitu
ric acid. Preference is given to [21], [22], [23], [24], [25],

[28], [29], [30], [31][32], [33], [37], [38], [39] and [40].
Particular preference is given to [21], [24], [28], [32], [37],
[38], [39] and [40].Very particular preference is givento [21].

20

available.
25

N,N'-dibenZyl-6-aminouracil, [49] N- or N'-monomethyl-,
[50] N- or N'-monoethyl-, [51] N- or N'-monopropyl-, [52] N
or N'-monoallyl-, [53] N- or N'-monobutyl-, [54] N- or
N'-monopentyl-, [55] N- or N'-monoheXyl-, [56] N- or
N'-monoheptyl-, [57] N- or N'-monooctyl-, [58] N- or

30

(B-2) Bisaminocrotonic acid esters of [104] ethylene gly
col and [105] propylene glycol and of polyethylene glycols
and polypropylene glycols and of [106] glycerol and polyg
35

taerythritol,

of [42], [43], [44] and [45].
40

methoxyanilino- and ethoxyanilinouracils. Additionally
mentioned are [61,62,63] N-2-, -3- and -4-hydroXyphenyl-1,

3-dimethyl-6-aminouracil and [64] N-2-hydroXy-4-meth

45

ylphenyl-, [65] N-2-hydroXy-5-methylphenyl-, [65] N-2-hy

50
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1,4-butanediol bis-3-aminocrotonate or thiodiglycol bis-3
aminocrotonate and the end members methyl or ethyl 3-ami

nocrotonate, speci?cally the bis(dihydropyridines) [121] and
[122] (sulphur-free), and also [123] and [124] (sulphur-con
taining). And also the polydihydropyridines [125] and [126]
(sulphur-free), and also [127] and [128] (sulphur-containing).

such as alkylidenebis-6-aminouracils. Also listed are [78]
60

[127] and [128] are commercial products.
Preferred tWo-substance or multisubstance combinations
of at least one initial colour improver (lCl)+at least one
booster (A) are:

and [88] 5-(2-hydroXy)-3-methoXybenZylidene- and [89]

(B-l): R1 or RZImethyl, ethyl, propyl, butyl, cyclohexyl,

5 -pentylidenebis -1 ,3 -dimethyl- 6-aminouracil. Preference is

is given to [81] and [82].

ethyldihydropyridinedicarboxylate [118], ethyl dimeth
yldihydropyridinedicarboxylate [119] and dilauryl dimeth
yldihydropyridinedicarboxylate [120] (a compound Which is
(C-2) Oligo- and polydihydropyridines Which derive from

erence is given to [61], [66] and [69]. The folloWing should
likeWise be mentioned here: 5-substituted 6-aminouracils,

given to [80], [81], [82], [83] and [89]. Particular preference
is given to [81], [82], [83] and [89].Very particularpreference

Particular preference is given to [104], [105], [116] and
[1 17]. Very particular preference is given to [1 16] and [1 17].

produced on the industrial scale).

dimethyl-6-aminouracil. Preference is given to [61], [64],
[65], [66], [69], [72], [73] and [74]. Particular preference is

5-ethylidene-, [79] 5-propylidene-, [80] 5-(2-ethylbutyl
idene)-, [81] 5-heXylidene-, [82] 5-heptylidene-, [83] 5-oc
tylidene-, [84] 5-benZylidene-, [85] 5-salicylidene-, [86]
5-(3-hydroXy)benZylidene-, [87] 5-(4-hydroXy)benZylidene

bistrimethylolethane(propane),

(C-1) Monomeric dihydropyridines, such as methyl dim

ypropylamino-, [75] N-2-hydroXybutylamino-, [76] N-3
hydroxybutylamino- and [77] N-4-hydroXybutylamino-1,3
given to [61], [64], [65], [66] and [69]. Very particular pref

[1 12,1 13]

hexakis(aminocrotonic esters) of [114] dipentaerythritol and
[115] sorbitol, and [116] butanediyl-1,4- and [117] thio
bisethanediyl aminocrotonate.
Preference is given to [104], [105], [108], [109], [111],
[113], [116] and [117].
Both compounds are produced on an industrial scale.

droXy-5-tert-butylphenyl-, [66,67,68] N-2-, -3- and
-4-methoXyphenyl-, [69,70,71] N-2-, -3- and -4-ethoxyphe

nyl-1,3-dimethyl-6-aminouracil, [72] N-2-hydroxyethy
lamino-, [73] N-2-hydroXypropylamino-, [74] N-3-hydrox

lycerols. Trisaminocrotonic acid esters of [107] glycerol,

[108,109] trimethylolethane(propane), [110] triethylol iso
cyanurate. Tetrakis(aminocrotonic esters) of [111] pen

is given to [41].
Preferred hydrates are the hemihydrate and monohydrate
This category also includes the 6-aminouracils substituted
on the exocyclic nitrogen atom, such as hydroxyethylamino
and hydroxypropylamino derivatives or hydroXyanilino-,

thiohydantoin [103j]. Preference is given to [103a] and

[103b]. Very particular preference is given to [103a].

[42], [43], [44], [45], [48], [49], [50], [51], [52], [53], [57],
[48], [52], [57], [58], [59] and [60].Very particularpreference

(B-1)iHydantoins (imidaZolidinediones), hydantoin
[103a], 2-thiohydantoin [103b], 5-methylhydantoin [103c],
5-phenylhydantoin [103d], 5-methyl-2 -thiohydantoin
[103e], 5-phenyl-2-thiohydantoin [103f], 5,5-dimethylhy
dantoin [103 g], 5,5-dimethyl-2-thiohydantoin [103h], 5-me
thyl-5-phenylhydantoin [103i] and 5-methyl-5-phenyl-2

N'-monocycloheXyl-, [59] N or N'-monobenZyl- and [60] N
or N'-monophenyl-6-aminouracil. Preference is given to [41],

[58], [59] and [60]. Particular preference is given to [41], [44],

Certain aminouracils are available in the chemical trade:
[1], [9] and [41] are “commodities” and are used as bulk
chemicals in industrial caffeine or theobromine synthesis. For

6(4)-iminobarbituric acids, relevant literature syntheses are

(B-1)4Cycloacylureides (aminouracils or aminopyrimi
dine-2,4-diones), such as [41] N,N'-dimethyl-, [42] N,N'

diethyl-, [43] N,N'-dipropyl-, [44] N,N'-diallyl-, [45] N,N'
dibutyl-, [46] N,N'-dioctyl- and [47] N,N'-didodecyl-, [48]

1 -methyl-3 - (3 -neononylcarboXy-2 -hydroXypropyl)-,

[95] 1-methyl-3-(2-hydroXypropyl)-, [96] 1-methyl-3-(3-(2
ethylhexoxy-2-hydroxypropyl)-, [97] 1-methyl-3-(2-hy
droXyheXyl)-, [98] 1-benZyl-(2-hydroxypropyl)-, [99] 1-me
thyl-(2-hydroXybutyl)-, [100] 1-benZyl-(2-hydroXybutyl)-,
[101] 1-benZyl-(3-isopropoXy-2-hydroxypropyl)-, [102]
1-methyl-3-(2-hydroxyethyl)- and [103] 1-methyl-3-(3-ally
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allyl, benZyl or hydrogen and (A).
(B-2): Bisaminocrotonic esters of 1 ,4-butanediol or/ and of

thiodiglycol and (A).
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Alkali Metal and Alkaline Earth Metal Compounds
This is understood to mean principally the carboxylates of
the acids described in the “Zinc compounds” chapter, but also

Speci?ed preferred tWo-substance or multisubstance com
binations are:

1. TWo-substance or multisubstance combinations of at

corresponding oxides or hydroxides or carbonates. Also use
ful are mixtures thereof With organic acids. Examples are

least one compound (B-l) With at least one booster (A),

speci?cally:
(B-l) componentilinear acylureides:

LiOH, NaOH, KOH, CaO, Ca(OH2), MgO, Mg(OH)2,
Sr(OH)2, Al(OH)3, CaCO3 and MgCO3 (including basic car
bonates, for example magnesia, alba and huntite), and also

[1] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combination
With [A-1].

fatty acid salts of sodium and potassium. In the case of alka
line earth metal and Zinc carboxylates, it is also possible to use
their adducts with M0 or M(OH)2 (MICa, Mg, Sr or Zn),

(B-l) component4cyclic acylureides (6(4)-iminobarbitu
ric acids):
[21] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combination
With [A-1].

so-called “overbased” compounds. Preference is given to
using alkali metal, alkaline earth metal and/or aluminium
carboxylates in addition to the inventive stabiliZers.

Preference is given to magnesium hydroxide, magnesium
acetylacetonate, calcium acetylacetonate, and uncoated and

(B-l) componenticyclic acylureides (aminouracils):
[41] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[61] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[66] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[69] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[81] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[82] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[95] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[99] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[103] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combination of
[41] With [A-1].

(B-l) componenticyclic acylureides (hydantoins)
[103a] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[103b] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combination of
[103a] With [A-1].
2. TWo-substance or multisubstance combinations of at

coated calcium hydroxide. Very particular preference is given
20

25
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Zinc Compounds:
The organic Zinc compounds With a Zn4O bond are Zinc
45

least one OH group or Whose chain is interrupted by one or
50

more oxygen atoms (oxa acids), of the cyclic and bicyclic
carboxylates having 5-22 carbon atoms, of the unsubstituted,
at least mono-OH-substituted and/or Cl-Cl6-alkyl-substi
tuted phenyl carboxylates, of the phenyl-Cl-Cl6-alkyl car

55

noxides, or of abietic acid. ZniS compounds are, for

speci?cally:

boxylates, or of the optionally Cl_l2-alkyl-substituted phe

example, Zinc mercaptides, Zinc mercaptocarboxylates and
Zinc mercaptocarboxylic esters.
As examples, mention should be made by name of Zinc
salts of monovalent carboxylic acids, such as formic acid,

It Will be appreciated that the compounds of classes (B-l),
60

[A-2], [A-3], [A-4] and [A-5], be combined With one another.
The compounds from groups (A) and (B) are used in the

In addition, it is possible to use combinations With various
HCl scavengers, such as:

enolates, Zinc phenoxides or/ and Zinc carboxylates. The latter
are compounds from the group of the aliphatic saturated and
unsaturated C1_22-carboxylates, of the aliphatic saturated or
unsaturated C2_22-carboxylates Which are substituted by at

4. TWo-substance or multisubstance combinations of at

halogenated polymer appropriately at 0.01 to 10 phr, prefer
ably 0.05 to 5 phr and especially 0.1 to 3 phr, preference being
given to values in the loWer threshold region for (A).

Preference is given to magnesium and calcium soaps. Very

particular preference is given to magnesium laurate, magne
sium stearate, calcium laurate and calcium stearate.

least one compound (C-2) With at least one booster (A),

(B-2), (C-1) and (C-2) may also, just like the boosters [A-1],

tures such as barium/Zinc, magnesium/Zinc, calcium/Zinc or
calcium/magnesium/Zinc stabiliZers are used. The metal
soaps may be used individually or in mixtures. An overvieW
of common metal soaps can be found in Ullmanns Encyclo

soaps.

3. TWo-substance or multisubstance combinations of at

[127] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[128] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combinations
With [A-1].

acid, glutaric acid, adipic acid, fumaric acid, citric acid, ben
Zoic acid, salicylic acid, phthalic acids, hemimellitic acid,
trimellitic acid, pyromellitic acid.
The metals include: Li, Na, K, Mg, Ca, Sr, Ba, Zn, Al, La,

pedia oflndustrial Chemistry, 5th Ed.,Vol.A16 (1985), p. 361
ff. Preference is given to magnesium, potassium and Zinc

least one compound (C-1) With at least one booster (A),

[118] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[120] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combination of
[120] With [A-1].

acetic acid, propionic acid, butyric acid, valeric acid, hex

Ce and rare earth metals. Often, so-called synergistic mix

speci?cally:

speci?cally:

stearates and laurates, and also oleates and salts of relatively
short-chain aliphatic or aromatic carboxylic acids, such as

anoic acid, sorbic acid; oxalic acid, malonic acid, succinic

least one compound (B-2) With at least one booster (A),

[116] With [A-1], [A-2], [A-3], [A-4] and [A-5],
[117] With [A-1], [A-2], [A-3], [A-4] and [A-5],
very particular preference being given to the combinations
With [A-1].

to coated calcium hydroxide (coating With fatty acids, for
example palmitic and stearic acids, or mixtures thereof).
Metal Soaps
Metal soaps are mainly metal carboxylates, preferably
relatively long-chain carboxylic acids. Familiar examples are
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acetic acid, propionic acid, butyric acid, valeric acid, hex
anoic acid, enanthic acid, octanoic acid, neodecanoic acid,
2-ethylhexanoic acid, pelargonic acid, decanoic acid, unde
canoic acid, dodecanoic acid, tridecanoic acid, myristic acid,
palmitic acid, lauric acid, isostearic acid, stearic acid, 12-hy
droxystearic acid, 9,10-dihydroxystearic acid, oleic acid, rici
noleic acid, 3,6-dioxaheptanoic acid, 3,6,9-trioxadecanoic
acid, behenic acid, benZoic acid, p-tert-butylbenZoic acid,

US 7,741,390 B2
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ZnO*3MgO*Al2O3*CO2*5-6H2O
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dimethylhydroxybenZoic acid, 3,5-di-tert-butyl-4-hydroxy
benZoic acid, toluic acid, dimethylbenZoic acid, ethylbenZoic

acid, n-propylbenZoic acid, salicylic acid, p-ter‘t-octylsali

and

Particular preference is given to the AlkamiZer 1 and 2

cylic acid, and sorbic acid, cinnamic acid, mandelic acid,
glycolic acid; Zinc salts of the divalent carboxylic acids and

types, AlkamiZer P 93-2 (manufacturer: KyoWa Chemical
Ind. Co., Japan) and L-CAM (lithium-modi?ed

monoesters thereof, such as oxalic acid, malonic acid, suc

hydrotalcite:Lithium/ Carbonate/Aluminium/ Magnesium,

cinic acid, glutaric acid, adipic acid, fumaric acid, pentane

manufacturer: Fuji Chem. Ind. Co. Ltd., Japan: PS-EP 0761

1,5-dicarboxylic acid, hexane-1,6-dicarboxylic acid, hep
tane-1,7-dicarboxylic acid, octane-1,8-dicarboxylic acid,

340 A1, and Metallgesellschaft AG: PS-DE 4425266 C1).

3,6,9-trioxadecane-1,10-dicarboxylic acid, lactic acid, mal
onic acid, maleic acid, tartaric acid, malic acid, salicylic acid,

talcites.

756 A1, or MiZusaWa Industrial Chemicals, Ltd.: PS-EP 0549

Very particular preference is given to using deWatered hydro

polyglycoldicarboxylic acid (n:10-12), phthalic acid, isoph
thalic acid, terephthalic acid and hydroxyphthalic acid; and

Titanium-Containing Hydrotalcites

the di- or triesters of the tri- or tetravalent carboxylic acids,

such as hemimellitic acid, trimellitic acid, pyromellitic acid,

Titanium-containing hydrotalcites are described in
PS-WO 95/21127. Compounds of this type With the general

citric acid, and also so-called overbased Zinc carboxylates or

formula AlaMgbTic(OH)d(CO3)e*mHZO, Where a:b:1 :1 to

Zinc laurylmercaptide, Zinc thioglycolate, Zinc thiosalicylate,
Zinc bis-i-octylthioglycolate, Zinc mercaptopropionate, Zinc
thiolactate, Zinc thiomalate, Zinc bis(octylmercaptopropi
onate), Zinc bis(isooctylthiolactate) and Zinc bis(laurylthi

1 : 10;

2 éb i 10;
0<c<5; 0§m<5, and d and e are selected so as to form a basic,
20

omalate).

charge-free molecule, may likeWise also be used.

The Zinc enolates are preferably enolates of acetylacetac

Lithium Sheet Lattice Compounds (Lithium Hydrotalcites)

etone, of benZoylacetacetone, of dibenZoylmethane, and also
enolates of acetoacetoacetic and benZoylacetic esters, and of

Lithium aluminium sheet lattice compounds have the gen
eral formula:

dehydroacetic acid. In addition, it is also possible to use

25

inorganic Zinc compounds such as Zinc oxide, Zinc hydroxide,
Zinc carbonate, basic Zinc carbonate or Zinc sulphide.
Preference is given to neutral or basic Zinc carboxylates of
a carboxylic acid having from 1 to 22 carbon atoms (Zinc

soaps), for example benZoates or alkanoates, preferably

in Which
M” is Mg, Ca or Zn and
30

Cs-alkanoates, stearate, oleate, laurate, palmitate, behenate,
versatate, hydroxystearates and -oleates, dihydroxystearates,
p-tert-butylbenZoate or (iso)octanoate. Particular preference
is given to stearate, oleate, versatate, benZoate, p-tert-butyl
benZoate and 2-ethylhexanoate.

35

A” is a selected anion of the valency n or a mixture of anions
and the indices are in the range of

m:0 to 30,
With the restriction that (b—2a)>2, or

The metal soaps or mixtures thereof may be employed in an

the general formula:

amount of, for example, from 0.001 to 10 parts by Weight,
appropriately from 0.01 to 8 parts by Weight, more preferably
from 0.05 to 5 parts by Weight, based on 100 parts by Weight
of PVC.

40

Hydrotalcites
The chemical composition of these compounds is knoWn to
those skilled in the art, for example from the publications
PS-DE 38,43,581 A1, U.S. Pat. No. 4,000,100, EP 0,062,813

In the preparation of the sheet lattice compounds men

tioned, lithium hydroxide, lithium oxide and/or compounds

A1 and WO 93/20135. These may be based on Al/Mg/car

thereof Which can be converted to hydroxide, metal(II)
hydroxides, oxides and/ or compounds of the metals men
tioned Which can be converted to hydroxides, and aluminium

bonate, Al/Mg/Ti/carbonate, Li/Mg/carbonate or Li/Al/Mg/
carbonate, as described in PS-DE 102,17,364 A1 (SiidChe

mie), PS-DE 44,25266 A1 (Metallgesellschaft), PS-EP
0,549,340 A1 (MiZusaWa Ind. Chem) and PS-JP 0,761,756
A1 (Fuji Chem. Ind.). Compounds from the group of the
hydrotalcites can be described by the folloWing general for

50

mula:

hydroxides and/ or compounds thereof Which can be con
ver‘ted to hydroxides, and also acids and/or salts thereof or
mixtures thereof, are reacted With one another in the aqueous
medium at a pH of8 to 10 and at temperatures of 20 to 250°

C., and the resulting solid reaction product is removed.
The reaction time is preferably 0.5 to 40 hours, especially
55

Where

3 to 15 hours. The reaction product obtained directly from the
reaction described above can be removed from the aqueous

reaction medium by knoWn processes, preferably by ?ltra

M2+:a cation of one or more of the metals from the group of

Mg, Ca, Sr, Zn and Sn, M3+Ian A1 or B cation, A” is an
anion With the valency —n, b:n, a number of 1-2, 0§x§0.5,
d is a number of 0-20. Preference is given to compounds
Where

in Which
M”, A, m and n are each as de?ned above and
x satis?es the condition that 0.01§x<1.

60

A”:OH_, C104‘, HCO3_, CH3COO_, C6H5COO_, C032‘,

tion. The reaction product removed is likeWise Worked up in
a manner knoWn per se, for example by Washing the ?ltercake
With Water and drying the Washed residue at temperatures of,
for example, 60 to 150° C., preferably at 90 to 120° C.
For the reaction With aluminium, it is possible to use either

(CHOHCOO)22_, (CH2COO)22_, CH3CHOHCOO_,

?nely divided active metal(III) hydroxide in combination

HPO; or HPO42_.

With sodium hydroxide, or NaAlO2. Lithium or one of the

Examples of hydrotalcites are
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metal(II) compounds mentioned can be used in the form of
?nely divided lithium oxide or hydroxide or mixtures thereof,
or of ?nely divided metal(II) oxide or hydroxide or mixtures

US 7,741,390 B2
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thereof. The corresponding acid anions can be used in differ
ently concentrated form, for example, directly as an acid or

the form of ?nely divided calcium oxide or calcium hydrox
ide or mixtures thereof. The phosphorous acid may be used in

else as a salt.

different concentrated form. The reaction temperatures are

The reaction temperatures are preferably betWeen about 20
and 250° C., more especially betWeen about 60 and 180° C.
Catalysts or accelerants are not required. In the substances,
the Water of crystallization can be removed completely or
partly by treatment. When they are used as stabilizers, the
dried sheet lattice compounds do not release any Water or
another gas at the processing temperatures of 160 to 220° C.
customary for PVC, such that no troublesome bubble forma
tion occurs in the mouldings.
The anions A” in the above general formula may be sul

preferably betWeen 50 and 100° C., more preferably betWeen
about 60 and 85° C. Catalysts or accelerants are not required,
but are not disruptive. In the compounds, the Water of crys
talliZation can be removed completely or partly by thermal
treatment.

When they are employed as stabiliZers, the dried calcium
aluminium hydroxy pho sphites do not release any Water at the
processing temperatures of 160-200° C. Which are customary,
for example, for rigid PVC, so that no troublesome bubble
formation occurs in the mouldings.

To improve their dispersibility in halogenated thermoplas

phate, sulphite, sulphide, thiosulphate, peroxosulphate, per

tic resins, the compounds can be coated With surfactants in a
knoWn manner. The compound class, also referred to as
CHAP or CAP compounds, is described in EP 0,506,831 A1.

oxodisulphate, hydrogenphosphate, hydrogenphosphite, car

bonate, halides, nitrate, nitrite, hydrogensulphate,
hydrogencarbonate, hydrogensulphite, hydrogensulphide,
dihydrogenphosphate, dihydrogenphosphite, monocarboxy
lic acid anions such as acetate and benZoate, amide, aZide,

hydroxide, hydroxylamine, hydroaZide, acetylacetonate,
phenoxide, pseudohalides, halogenites, halogenates, perha

20

line and/ or amorphous form.

logenates, 13', permanganate, dianions of dicarboxylic acids

Zeolites (Alkali Metal or Alkaline Earth Metal Aluminosili

such as phthalate, oxalate, maleate or fumarate, bisphenox

cates)

ides, phosphate, pyrophosphate, phosphite, pyrophosphite,
trianions of tricarboxylic acids such as citrate, trisphenoxides
and many others, and also mixtures thereof. Among these,

25

maleate. To improve the dispersibility of the substances in

halogenated thermoplastic polymer materials, they may be
30

acid, an anionic surface-active agent, a silane coupler, a titan

ate coupler or a glyceryl fatty acid ester.

Calcium Aluminium Hydroxo Hydrogenphosphites
Compounds from the group of basic calcium aluminium

hydroxy hydrogenphosphites of the general formula

They may be described by the formula Mx/n[(AlO2)x(SiO2)
y]*WH2O in Which n is the charge of the cation M; M is an
element of the ?rst or second main group, such as Li, Na, K or

preference is given to hydroxide, carbonate, phosphite and
surface-treated With a higher fatty acid, for example stearic

The above-described calcium aluminium hydroxo hydro
genphosphites and titanium-containing hydrotalcites may be
present, apart from in crystalline form, also in partly crystal

35

Where x:2-8 and
40

Where x:2-12,

NH4, and Mg, Ca, Sr or Ba; y:x is a number of 0.8 to 15,
preferably of 0.8 to 1.2; and W is a number of 0 to 300,
preferably of 0.5 to 30.
Examples of Zeolites are sodium aluminosilicates of the

formulae
Na12Al12Si12O48*27H2O
[Zeolite
A],
Na6Al6Si6O24*2NaX*7.5H2O, X:OH, halogen, ClO4 [so
dalite]; Na6Al6Si3OO72*24H2O; ClO4 [Sodalith];
Na6Al6Si3OO72*24H2O;
Na8Al8Si4OO96*24H2O;
Nal6Al16Si24O8O*16H2O;
Nal6All6Si32O96*16H2O;
Na56Al56Sil36O384’F250H2O Na56Al56Sil36O384’F250H2O
[Zeolite Y], Na86Al86SilO6O384*264H2O [Zeolite X]; NaZO,
A1203, (2-5)SiO2, (3.5-10)H2O [Zeolite P]; Na2O, A1203,
2SiO2*(3.5-10)H2O (Zeolite MAP); or the Zeolites prepa
rable by partial or complete exchange of the sodium atoms for
lithium, potassium, magnesium, calcium, strontium or Zinc
atoms, such as (Na,K)1OAllOSi22O64*20H2O; Ca4_5Na3

[<A1O2)12(Si02)121*30H20;
45

and m:0-12, excluding y:1 When x:2-8,

50

suitable for the inventive stabiliZer combinations can be pre

pared, for example, by means of a process in Which mixtures
of calcium hydroxide and/ or calcium oxide, aluminium
hydroxide and sodium oxide, or of calcium hydroxide and/or
calcium oxide and sodium aluminate are reacted With phos

55

The preparation of Na daWsonite (DASC or SAC) and K
daWsonites (DAPC) is published in PS-U.S. Pat. No. 3,501,
264 and Us. Pat. No. 4,221,771, and also in PS-EP 0394,670

hydrothermally. The products may be present in crystalline or
amorphous form. Also included in the substance class are
60

sodium magnesium aluminocarbonates (SMACs); their
preparation is described in PS-US 455,055,284.
The hydrotalcites and/ or calcium aluminium hydroxo
hydrogenphosphites and/or Zeolites and/or daWsonites may
be employed in amounts of, for example, 0.1 to 20 parts by
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Weight, appropriately 0.1 to 10 parts by Weight and especially

cesses, preferably, for example, by Washing the ?ltercake
With Water and drying the Washed residue at temperatures of,

for example, 60-130° C., preferably 90-120° C.
hydroxide, or a sodium aluminate. Calcium may be used in

DaWsonites (Alkali Metal Aluminocarbonates)

A1. The synthesis can be effected hydrotherrnally or non

and recovered in a manner knoWn per se. The reaction product

For the reaction, it is possible to use either ?nely divided
active aluminium hydroxide in combination With sodium

and Na Zeolite MAP (see also PS-U.S. Pat. No. 6,531,533).
Equally preferred are Zeolites With an exceptionally small
particle siZe, especially of the Na-A and NaiP type, as also
described in PS-U.S. Pat. No. 6,096,820.
These are described by the general formula

phorous acid in amounts corresponding to the preparation of
the desired calcium aluminium hydroxy hydrogenphosphites
in an aqueous medium, and the reaction product is removed
obtained directly from the reaction described above can be
removed from the aqueous reaction medium by knoWn pro

K9Na3[(A1O2)12(Si02)121*

27H2O. Very particular preference is given to Na Zeolite A

0.1 to 5 parts by Weight, based on 100 parts by Weight of

halogenated polymer.
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bis(4-hydroxyphenyl)methane, 2,2-bis(4-hydroxyphenyl)

Glycidyl Compounds

propane, 2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane,
4,4'-dihydroxydiphenyl sulphone, or condensation products,

They contain the glycidyl group

obtained under acidic conditions, of phenols With formalde
hyde, such as phenol novolacs.

O

Further possible terminal epoxides are, for example: gly

cidyl l-naphthyl ether, glycidyl 2-phenylphenyl ether, 2-bi
phenyl glycidyl ether, N-(2,3-epoxypropyl)phthalimide and
2,3-epoxypropyl 4-methoxyphenyl ether.
Ill) N-Glycidyl compounds obtainable by dehydrochlori
Which is bonded directly to carbon, oxygen, nitrogen or sul
phur atoms, and in Which either R3 and R5 are both hydrogen,
R4 is hydrogen or methyl and n:0, or in Which R3 and R5
together are iCHZiCHZi or 4CH24CH24CH2i, R4

nating the reaction products of epichlorohydrin With amines
Which contain at least one amino hydrogen atom. These

amines are, for example, aniline, N-methylaniline, toluidine,

n-butylamine, bis(4-aminophenyl)methane, m-xylylenedi

is then hydrogen and n:0 or 1.

amine or bis(4-methylaminophenyl)methane, but also N,N,

l) Glycidyl and [3-methylglycidyl esters obtainable by

O-triglycidyl-m-aminophenol or N,N,O-triglycidyl-p-ami

nophenol.

reacting a compound having at least one carboxyl group in the
molecule and epichlorohydrin or glyceryl dichlorohydrin or

HoWever, the N-glycidyl compounds also include N,N'-di-,
N,N',N"-tri- and N,N',N",N"'-tetraglycidyl derivatives of

[3-methylepichlorohydrin. The reaction is effected appropri
ately in the presence of bases.
The compounds having at least one carboxyl group in the

20

molecule employed may be aliphatic carboxylic acids.
Examples of these carboxylic acids are glutaric acid, adipic
acid, pimelic acid, suberic acid, aZelaic acid, sebacic acid, or
dimeriZed or trimeriZed linoleic acid, acrylic and methacrylic

cyanurate.

IV) S-Glycidyl compounds, for example di-S-glycidyl
25

acid, caproic acid, caprylic acid, lauric acid, myristic acid,
palmitic acid, stearic acid and pelargonic acid, and also the
acids mentioned for the organic Zinc compounds.
HoWever, it is also possible to use cycloaliphatic carboxy

lic acids, for example cyclohexanecarboxylic acid, tetrahy

cycloalkyleneureas, such as ethyleneurea or 1,3-propyle
neurea, and N,N'-diglycidyl derivatives of hydantoins, such
as of 5,5-dimethylhydantoin or glycoluril and triglycidyl iso

30

derivatives Which derive from dithiols, for example ethane
1,2-dithiol or bis(4-mercaptomethylphenyl)ether.
V) Epoxide compounds having a radical of the above for
mula, in Which R1 and R3 together are iCHZiCHZi and n
is 0, are bis(2,3-epoxycyclopentyl)ether, 2,3-epoxycyclopen
tylglycidyl ether or 1,2-bis(2,3-epoxycyclopentyloxy)

drophthalic acid, 4-methyltetrahydrophthalic acid, hexahy

ethane. An epoxy resin With a radical of the above formula in

drophthalic acid or 4-methylhexahydrophthalic acid.
In addition, it is possible to use aromatic carboxylic acids,

Which R1 and R3 together are %H2iCH2i andn is 1 is, for

example, (3',4'-epoxy-6'-methylcyclohexyl)methyl 3,4-ep
oxy-6-methylcyclohexanecarboxylate.

for example benZoic acid, phthalic acid, isophthalic acid,
trimellitic acid or pyromellitic acid.
It is likeWise also possible to use carboxyl-terminated

35

Suitable terminal epoxides are, for example:
a) liquid bisphenol A diglycidyl ethers such as Araldit®GY
240, Araldit®GY 250, Araldit®GY 260, Araldit®GY 266,
Araldit®GY 2600, Araldit®MY 790 and Epicote® 828

40

b) solid bisphenol A diglycidyl ethers such as Araldit®GT
6071, Araldit®GT 7071, Araldit®GT 7072, Araldit®GT
6063, Araldit®GT 7203, Araldit®GT 6064, Araldit®GT
7304, Araldit®GT 7004, Araldit®GT 6084, Araldit®GT
1999, Araldit®GT 7077, Araldit®GT 6097, Araldit®GT
7097, Araldit®GT 7008, Araldit®GT 6099, Araldit®GT
6608, Araldit®GT 6609, Araldit®GT 6610 and Epikote®

adducts, for example of trimellitic acid and polyols, for
example glycerol or 2,2-bis(4-hydroxycyclohexyl)propane.
Further epoxide compounds usable in the context of this
invention can be found in EP 0 506 617.

(BADGE);

ll) Glycidyl or [3-methylglycidyl ethers obtainable by
reacting a compound having at least one free alcoholic
hydroxyl group and/ or phenolic hydroxyl group With a suit

ably substituted epichlorohydrin under alkaline conditions,
or in the presence of an acidic catalyst and subsequent alkali

45

treatment.

Ethers of this type derive, for example, from acyclic alco

1002;

hols, such as ethylene glycol, diethylene glycol and higher
poly(oxyethylene)glycols, propane-1,2-diol, or poly(oxypro

pylene)glycols, propane-1,3-diol, butane-1,4-diol, poly(ox
ytetramethylene)glycols, pentane-1,5-diol, hexane-1,6-diol,

50

Epoxy Resin®0163;

hexane-2,4,6-triol, glycerol, 1,1,1-trimethylolpropane, bist

e) solid and liquid polyglycidyl ethers of phenol-formalde

rimethylolpropane, pentaerythritol, sorbitol, and also from

hyde novolac, such as EPN 1138, EPN 1139, GY 1 180, PY

polyepichlorohydrins, butanol, amyl alcohol, pentanol, and
also from monofunctional alcohols such as isooctanol, 2-eth
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ylhexanol, isodecanol, and also C7-C9-alkanol and C9-Cl 1
alkanol mixtures.

HoWever, they also

derive,

for example,

from

cycloaliphatic alcohols such as 1,3- or 1,4-dihydroxycyclo

hexane, bis(4-hydroxycyclohexyl)methane, 2,2-bis(4-hy

60

droxycyclohexyl)-propane or 1,1-bis(hydroxymethyl)cyclo
hex-3-ene, or they have aromatic rings such as N,N-bis(2
hydroxyethyl)aniline or p,p'-bis(2-hydroxyethylamino)

quinone; or they are based on polycyclic phenols, for example

307 (NODGE);
f) solid and liquid polyglycidyl ethers of o-cresol-formalde
hyde novolac, such as ECN 1235, ECN 1273, ECN 1280,
ECN 1299 (NODGE);
g) liquid glycidyl ethers of alcohols, such as Shell Gly
cidylether® 162, Araldit®DY 0390, Araldit®DY 0391;
h) liquid and solid glycidyl esters of carboxylic acids, such as
Shell Cardura® E terephthalic esters, trimellitic esters and
mixtures thereof, Araldit®PY 284 and Araldit®P811;

i) solid heterocyclic epoxy resins (triglycidyl isocyanurate)

diphenylmethane.
The epoxide compounds may also derive from monocyclic
phenols, for example from phenol, resorcinol or hydro

c) liquid bisphenol F diglycidyl ethers such as Araldit®GY
281, Araldit®PY 302, Araldit®PY 306 (BFDGE);
d) solid polyglycidyl ethers of tetraphenylethane, such as CG

such as Araldit®PT 810;
65

j) liquid cycloaliphatic epoxy resins such as Araldit®CY 179;
k) liquid N,N,O-triglycidyl ethers of p-aminophenol, such as
Araldit®MY 0510;
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l) tetraglycidyl-4,4'-methylenebenZamine or N,N,N',N'-tetra

[188b], [119a], [120a], [121a], [126a], [127a], [128a], [129],
[130], [135], [136], [137], [138] and [139]. Very particular
preference is given to [118a], [188b], [119a], [120a], [121a],

glycidyldiaminophenyl-methane such as Araldit® MY
720, Araldit® MY 721.

Preference is given to using epoxide compounds having

[126a], [135], [136], [137], [138] and [139]. Many com

tWo functional groups. However, it is also possible in prin

pounds in this series are produced as “bulk” chemicals.

ciple to use epoxide compounds having one, three or more
functional groups.

EpoxidiZed Fatty Acid Esters and Other Epoxide Compounds
The inventive stabiliZer combination may additionally
preferably comprise at least one epoxidiZed fatty acid ester.

Predominantly epoxide compounds, in particular digly
cidyl compounds, having aromatic groups are used.

Useful for this purpose are in particular esters of fatty acids
from natural sources (fatty acid glycerides), such as soybean
oil or rapeseed oil. HoWever, it is also possible to use synthetic
products such as epoxidiZed butyl oleate. It is likeWise pos

If appropriate, it is also possible to use a mixture of differ

ent epoxide compounds.
Particularly preferred terminal epoxide compounds are
diglycidyl ethers based on bisphenols, for example on 2,2-bis

sible to use epoxidiZed polybutadiene and polyisoprene,

(4-hydroxyphenyl)propane (bisphenol A), bis(4-hydrox

optionally also in partially hydroxylated form, or glycidyl

yphenyl)methane or mixtures of bis(or‘tho/para-hydroxyphe

acrylate and glycidyl methacrylate, as a homo- or copolymer.
These epoxy compounds may also be applied to an alumino
salt compound; on this subject, see also DE 4,031,818 A1.

nyl)methane (bisphenol F).
The terminal epoxide compounds can be used in an amount

of preferably at least 0.1 part, for example 0.1 to 50 parts,
appropriately 1 to 30 parts and especially 1 to 25 parts by
Weight, based on 100 parts by Weight of PVC.

Liquid or highly viscous glycidyl or epoxide compounds
20

Very particular preference is given to bisglycidyl alcohol

may also be attached to silica- or silicate-containing supports
and be used in a solid, non-tacky form.

Phenol Compounds

ethers of the formula (D)

This category includes phenols and aminophenols, such as
(D)

25

M01718
Where
R3q1nbranched or branched CZ-CZO-alkylene Which may

resorcinol, resorcinol monomethyl ether, phloroglucinol,
2-naphthol, 3-hydroxyaniline and 3-hydroxydiphenylamine.
Inventive stabiliZer systems preferably comprise
Cyanamide Compounds of the Formula (E)

30

(E)
R4

be interrupted by 1 to 4 oxygen or sulphur atoms and/or

N—CEN

may be substituted by 1 to 4 OH groups, or dimethylol

/

cyclohexane-1,4-diyl, polyethylene (or -propylene)gly
col-0t,u)-diyl (preferably poly is tetra to deca), polyglyc

R4

0
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eryl-ot,u)-diyl (preferably poly is tetra to deca) or

glyceroltriyl, trimethylolethane (or -propane)triyl, pen

Where

taerythritoltri (or -tetra)yl, bistrimethylolethane (or
-propane)tri (or -tetra)yl, diglyceroltri (or -tetra)yl, tetri
toltetrayl, triglyceroltri (or -tetra, -penta)yl, pentitolpen

R4 are each independently H, nitrile, carbamoyl, R1, R2,
RICO, R2CO, Na, K, Mgl/2 and Cal/2 or R24?etra-,
40

tayl, dipentaerythritolpenta (or -hexa)yl and hexitol

penta- or hexamethylene, and 0:1, 2 or 3.

(E) Monomeric cyanamides: [140] cyanamide and its salts,
especially [141] calcium cyanamide, [142] monomethylcy

hexayl;

erol and polyglycerols, and also of 1,4-cyclohexanedimetha

anamide, [143] monoethylcyanamide, [144] monopropylcy
anamide, [145] monobutylcyanamide, [146] monopentylcy
anamide,
[147]
monohexylcyanamide,
[148]
monoheptylcyanamide, [149] monooctylcyanamide, [150]
monophenylcyanamide and [151] monobenZylcyanamide,

nol [118b]. Tris(epoxypropyl alcohol ethers) of [119a] glyc

and also [152] monoallylcyanamide.

and m:2, 3, 4, 5 or 6.
Also suitable are bisglycidyl alcohol ethers of alkanediols,

diglycols, tri- and tetraglycols (glycolIethylene glycol or
propylene glycol) and polyglycols, and also of [118a] glyc
erol and [120a, 121a] trimethylolethane(-propane) and also

of [121b, 121c] triethylol(-isopropylol) isocyanurate
(THEIC) and tetrakis(epoxypropyl alcohol ethers) of [122a,
123a] bis(trimethylolethane(-propane)) and hexakis(ep
oxypropyl alcohol ethers) of [124a] dipentaerythritol and
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dioctylcyanamide, [161] 1,1-diphenylcyanamide, and also
[162] 1,1-dibenZylcyanamide and [163] 1,1-diallylcyana

[125a] sorbitol. Particular mention should be made of [126a]

hexanediol diglycidyl ether and [127a] neopentyl glycol dig
lycidyl ether, and also [128a]ethylene glycol diglycidyl ether,
[129] diethylene glycol diglycidyl ether and [130] dipropy
lene glycol diglycidyl ether, and also polyglycerol diglycidyl

55
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pentaglycerol diglycidyl ether, [135] 1,4-butanediol digly
cidyl ether, [136, 137] trimethylolethane(propane) diglycidyl
ether, and [138, 139] pentaerythritol tri- and tetraglycidyl
ether and polyglycerol triglycidyl ether. Preference is given to

[118a], [118b], [119a], [120a], [121a], [126a], [127a], [128a],
[129], [130], [131], [132], [133], [134], [135], [136], [137],
[138] and [139]. Particular preference is given to [118a],

mide.

[164] Acetylcyanamide, [165] propionylcyanamide, [166]
butyroylcyanamide, [167] pentanoylcyanamide, [168] hex

ether, [131] diglycerol diglycidyl ether, [132] triglycerol dig
lycidyl ether, [133] tetraglycerol diglycidyl ether and [134]

[153] 1,1-dimethylcyanamide, [154] 1,1-diethylcyana
mide, [155] 1,1-dipropylcyanamide, [156] 1,1-dibutylcyana
mide, [157] 1,1-dipentylcyanamide, [158] 1,1-dihexylcyana
mide, [159] 1,1-diheptylcyanamide, [160] 1,1
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anoylcyanamide, [169] heptanoylcyanamide, [170] octanoyl
cyanamide, [171] nonanoylcyanamide, [172] decanoylcy
anamide,
[173]
undecanoylcyanamide,
[174]
dodecanoylcyanamide, [175] tridecanoylcyanamide, [176]
tetradecanoylcyanamide, [177] pentadecanoylcyanamide,
[178] hexadecanoylcyanamide, [179] heptadecanoylcyana
mide, [180] octadecanoylcyanamide, [181] nonadecanoyl
cyanamide, [182] eicosanoylcyanamide, [183] benZoylcy
anamide, and also [184] tetradecyl-cyanamide, [185]
hexadecylcyanamide and [186] octadecylcyanamide. Since
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cyanamides/cyanamide derivatives in the course of PVC pro

[232] CaH(u)5) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[233] CaH(c)6) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[234] MgHll) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[235] CaAcacl2) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[236] MgAcacl3) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[237] CaSt38) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[238] MgSt37) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[239] Hyta17) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[240] NaZAlO) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[241] HEXDGE”) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[241a] c-HEXDGE29“) with [A-l], [A-2], [A-3], [A-4] and
[A-5l
[242] BADGE25) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[243] BFDGE26) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[244] G1ydi30) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[245] Glytri3l) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[246] ESBO57) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[247] DCN2O) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[248] M6123) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[249] ACEGA24) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[250] TEPC32) with [A-l], [A-2], [A-3], [A-4] and [A-5]
[251] Cardura35) with [A-l], [A-2], [A-3], [A-4] and [A-5]

cessing tend to decompose under some circumstances, pre
liminary compounding in a hot mixer is advisable in the case

of reactive representatives.
(E) Dimers: [187] dicyandiamide and its substitution prod
ucts and salts thereof. Preference is given to unsubstituted

dicyandiamide.
(E) Trimers: melamines/melamine salts, such as [188]

melamine, [189] melamine perchlorate, [190] melamine
oxalate, [191] melamine sulphate, [192] melamine nitrate,
[193] melamine(pyro, poly)phosphate, melamine borate and
[194] melamine isocyanurate. Preference is given to [188],
[189], [193] and [194].
N-substituted melamines, such as [195] N-monobu

tylmelamine, [196] N-monooctyl-melamine, [197] N-mono

decylmelamine, [198] N-monododecylmelamine, [199]
N-mono-tetradecylmelamine,

[200]

N-monohexade

cylmelamine, [201] N-monooctadecylmelamine, [202]
N-monophenylmelamine.

And

also

[203]

N-monoacetylmelamine, [204] N-mono-propionylmelamine
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and [205] N-monobutyroylmelamine, [206] N-monophe
nylmelamine, [207] N-monoallylmelamine and [208]

N-monobenZylmelamine, [209] o-hydroxyphenyl-melamine
and [210, 211] 2-hydroxyethyl(propyl)melamine.
N,N'-substituted melamines, such as [212] N,N'-dibu

25

* for footnotes and abbreviations, see patent examples, application technology

tylmelamine, [213] N,N'-dioctyl-melamine, [214] N,N'-dide

6. Likewise preferred are three-sub stance or multisub
stance combinations of at least two different scavengers

cylmelamine, [215] N,N'-dihexadecylmelamine, and also
[216] N,N'-dioctadecylmelamine and [217, 218] N,N'-bis-2

hydroxyethyl(propyl)melamine.
N,N',N"-substituted melamines such as [219] N,N',N"

very particular preference being given to the combinations in
[232], [233], [241], [241a] and [248], in each case with [A-1].

(SCV) and at least one booster (A):
30

[232a] CaH(u)5) with Mel23) and [A-1], [A-2], [A-3], [A-4]
and [A-5]

tributylmelamine, [220] N,N',N"-trioctylmelamine, [221]
N,N',N"-tridecylmelamine,
[222]
N,N',N"-tetrade

[233a] CaH(c)6) with Mel”) and [A-1], [A-2], [A-3], [A-4]

cylmelamine, [223] N,N',N"-trihexadecylmelamine and
[224] N,N',N"-trioctadecylmelamine, and also [225] N,N',
N"-phenylbis(hydroxyethyl)melamine and [226] N,N',N"
tris(hydroxyethyl)melamine,
[227]
N,N',N"-tri
acetylmelamine, [228] N,N',N"-tripropionylmelamine, [229]
N,N',N"-tribenZoylmelamine, and also [230] N,N',N"-trial
lylmelamine and [231] N,N',N"-tribenZyl-melamine, [232]
N,N',N"-triphenylmelamine and [233] N,N',N"-tricyclo

[233b] CaH(c)6) with CaSt38) and [A-1], [A-2], [A-3], [A-4]

hexylmelamine,

[234]

and [A-5]
35

7. Particular preference is given to three-substance or mul
tisubstance combinations of at least one initial colour
40

N,N',N"-tris(hydroxypropyl)

melamine.

Preference is given to the substances [141], [142], [143],

Also preferred are [206], [207], [208], [209], [210], [211].
Likewise preferred are [217, 218], [226], [227], [228], [229],
[230] and [231].
Particular preference is given to [187], [188], [209], [210]
and [211].Also particularly preferred are [226], [227], [228],
[229], [230] and [231]. Very particular preference is given to
[141], [187], [188] and [194] in microniZed form (particle
siZe <50 um).
Likewise is very particularly preferred. the calcium and

45

50

55

magnesium salt of [187], [188] or [194] are so-called “com
modities”. The calcium and magnesium salts can also be

synthesiZed “in situ” during the PVC processing or before
hand in the course of formulation or compounding from mag
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nesium hydroxide or calcium hydroxide. To lower the melting
point of [187], eutectic mixtures with N,N'-disubstituted
(thio)ureas or aniline derivatives or with aminobenZene

sulphonamides are particularly preferred.
5. Preferred two-substance or multisubstance combina
tions of at least one HCl scavenger (SCV)+at least one

booster (A) are*:

improver (1C1) from compound classes (B-l), (B-2), (C-1),
(C-2) with at least one scavenger (SCV) and at least one

melamine, and [235] N,N',N"-phenylbis(hydroxypropyl)

[144], [150], [151], [153], [154], [155], [159], [162], [163],
[164], [176], [178], [184], [185] and [186], [187] and [188].

and [A-5]
very particular preference being given to the combination in
[232a] with [A-1].
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booster (A):
[252] CADMU44) with CaH(u)5) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[253] CADMU44) with CaH(c)6) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[254] CADMU44) with MgHll) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[255] CADMU44) with CaAcaclZ) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[256] CADMU44) with MgAcacB) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[257] CADMU44) with CaSt38) and [A-1], [A-2], [A-3], [A-4]
and [A-5]
[258] CADMU44) with MgSt37) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[259] CADMU44) with Hytal7) and [A-1], [A-2], [A-3], [A-4]
and [A-5]
[260] CADMU44) with NaZAlO) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[261] CADMU44) with HEXDGE29) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
[261a] CADMU44) with c-HEXDGE29“) and [A-1], [A-2],
[A-3], [A-4] and [A-5]
[262] CADMU44) with BADGE25) and [A-1], [A-2], [A-3],
[A-4] and [A-5]
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In the compounds of the formula (F), b is preferably a

or

[435] M-DHP-247) With HEXDGE29)/c-HEXDGE29“) and

number from 2 to 6 and most preferably the number 4.

In ?exible PVC, combinations of TEAP With l,4-cyclo
hexanedimethanol diglycidyl ether [1 18b] are very particu

number 0 or 1 and, most preferably, c is the number 0 and d is
the number 1.

In the compounds of the formula (F), c is preferably the

larly preferred. Very particularly suitable initial colour

Particular preference is given to polypropylene glycol lau

of polyglycol mono-fatty acid esters. One disadvantage is the

ryl ester, polypropylene glycol oleyl ester, polypropylene
glycol methyldiethylammonium chloride, polyethylene gly
col monomethyl ether, polyethylene glycol lauryl ester, poly
ethylene glycol oleyl ester, polyethylene glycol oleyl ether,
polyethylene glycol sorbitan monolauryl ester, polyethylene
glycol stearyl ester, polyethylene glycol polypropylene gly

limited solubility of these salts in the esters mentioned. It has

col lauryl ether and polyethylene glycol lauryl ether carboxy

been found that, surprisingly, the inventive inner complexes
(A) have a very good solubility herein and display good
antistatic properties.
Polymer substrates of this type include: rigid PVC, ?exible

lic acid.

improvers here are aminocrotonic esters and dihydropy
ridines.
Use of (A) as an Antistat or Antistat Component (AS)
EP 0 751 179 Al describes alkali metal perchlorates and
tri?ates as antistat components. They function in the presence

PVC, semirigid PVC, CPVC, CPE, PVDC, HDPE, LDPE,
PP, PS, HIPS, PU, PA, PC, PET, PBT, TPU, PMMA, PVA,
ABS, SAN, MBS, MABS, NBR, NAR, EVA, ASA, and

10

Very particular preference is given to polyethylene glycol
oleyl ether and especially to polyethylene glycol lauryl ester.
Very particular preference is given to compounds of the

formula (F) in Which R8:H, R9:C6-C2O-alkenyl, R1O:H
or CH3, a is a number from 2 to 14, c is Zero and d is one.
20

EPDM.

Additive components to (A) used here are the folloWing

systems:
glyceryl ether and/or ester, R8OCH2CH(OH)CH2OH or
R8CO2CH2CH(OH)CH2OH and/or a DEA derivative

phonate) salt C 1 2-C 18-alkyl-(O)d,iSO3Na, Li, K and/or a

polyoxyalkylene of the formula (F)

25

Examples thereof are glycerol monolauryl, monooleyl,

monopalmityl and monostearyl ether; glycerol monolaurate,
monooleate, monopalmitate and monostearate; lauryl-,
oleyl-, palmityl- and stearyldiethanolamine; polyethylene
glycol (PEG) monolaurate, monooleate, monopalmitate and
monostearate, PEG monolauryl, monomyristyl, monopalmi
tyl, monostearyl and monooleyl ether. Oleic diethanolamide,

30

palmitic diethanolamide and stearic diethanolamide. Sodium
tetra-, hexa- and octadecanesulphonate or -sulphate, potas
sium tetra-, hexa- and octadecanesulphonate or -sulphate,
lithium tetra-, hexa- and octadecanesulphonate or -sulphate.

Commercial products include:
DEHYDAT®10,
DEHYDAT®R80X, IRGASTAT® P, ATMERTM, Lank
ro stat® LA3, Ethoduomeen® T/ l 2, Ethomeen® HT/ 1 2, Eth
where

omeen® T/ 12, Ethomeen® O/l2, Ethomeen® C/l2,
35

each R8 is independently H, Cl-C24-alkyl, C2-C24-alkenyl,

TEGIN® R90 and NOROPLAST® 2000.

Further important additives for improving performance are
phosphites and sterically hindered amines.

CH2:CHiC(O) or CH2:CCH34C(O);

each R9 is independently Cl-C24-alkyl, C2-C24-alkenyl,

Phosphites
RIOIH or CH3,
Hal:Cl, Br or I;
a:an integer greater than or equal to 2,
b:an integer of l to 6, and
c, d, d', d" are each independently 0 or 1.
When substituents in the compounds of the formula (F) are
alkyl having 1 to 24 carbon atoms, useful radicals therefor are

40

phite, tridodecyl phosphite, tritridecyl phosphite, tripentade
cyl phosphite, trioleyl phosphite, tristearyl phosphite, triph
enyl phosphite, trilauryl phosphite, tricresyl phosphite, tris
45

those such as methyl, ethyl, propyl, butyl, pentyl, hexyl, hep

tyl, octyl, nonyl, decyl, undecyl, dodecyl, tetradecyl, hexade
cyl, octadecyl, eicosyl, docosyl and tetracosyl, and corre
sponding branched isomers.

50

When substituents in the compounds of the formula (F) are
alkenyl having from 1 to 24 carbon atoms, these radicals
derive from the alkyl radicals mentioned, the double bond

preferably being arranged in the middle of the hydrocarbon
chain. A particularly preferred alkenyl radical is oleyl. When
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C6-C2O-alkyl, C6-C2O-alkenyl or N(C1-C8-alkyl)3Cl, and
most preferably C6-C2O-alkyl or C6-C2O-alkenyl.
In the compounds of the formula (F), Hal is preferably Cl.
number from 2 to 20 and most preferably a number from 2 to
l4.

phenyl didodecyl phosphite, phenyl ditridecyl phosphite,
phenyl ditetradecyl phosphite, phenyl dipentadecyl phos
phite, octyl diphenyl phosphite, decyl diphenyl phosphite,
undecyl diphenyl phosphite, dodecyl diphenyl phosphite,
tridecyl diphenyl phosphite, tetradecyl diphenyl phosphite,
pentadecyl diphenyl phosphite, oleyl diphenyl phosphite,
stearyl diphenyl phosphite and dodecyl bis(2,4-di-tert-bu
possible to use phosphites of different di- or polyols, for

CH2:CCH3i.

In the compounds of the formula (F), a is preferably a

(nonylphenyl)phosphite, tris(2,4-t-butylphenyl)phosphite or
tricyclohexyl pho sphite. Further suitable pho sphites are vari
ous mixed aryl dialkyl phosphites or alkyl diaryl phosphites,
such as phenyl dioctyl phosphite, phenyl didecyl phosphite,

tylphenyl)phosphite. In addition, it is also advantageously

d is l, R9 as alkenyl is preferably also CH2:CHi or

In the compounds of the formula (F), R8 is preferably H or
C l-C4-alkyl and most preferably H.
In the compounds of the formula (F), R9 is preferably

Organic phosphites are knoWn costabiliZers for chlorinated

polymers. Examples are trioctyl phosphite, tridecyl phos

example tetraphenyl dipropylene glycol diphosphite, poly
(dipropylene glycol) phenyl phosphite, tetra(isodecyl) dipro
pylene glycol diphosphite, tris(dipropylene glycol) phos
phite, tetramethylolcyclohexanol decyl diphosphite,
tetramethylolcyclohexanol butoxy ethoxy ethyl diphosphite,
tetramethylolcyclohexanol nonylphenyl diphosphite, bis
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(nonyl)phenyl di(trimethylolpropane) diphosphite, bis(2-bu
toxyethyl) di(trimethylolpropane) diphosphite, trishydroxy
ethyl
isocyanurate
hexadecyl
triphosphite,
didecylpentaerythritol diphosphite, distearylpentaerythritol
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diphosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphos
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alkyl- or polyalkylpiperidines, in particular of the tet

phite, and mixtures of these phosphites and aryl/alkyl phos
phite mixtures of the statistical composition (H19C9-C6H4)
O1.5P(OC12.13H25.27)1.5 or (C8Hl74C6H4iOi)2P(i_
CSHUO):(H19C9'C6H4)O1.5P(OC9.11H19.23)1.5- Industrial
examples are Naugard P, Mark CH300, Mark CH301, Mark
CH302 and Mark CH55 (manufacturer: Crompton Corp.
USA). The organic phosphites may be employed in an
amount of, for example, 0.01 to 10 parts by Weight, appropri
ately 0.05 to 5 parts by Weight and especially 0.1 to 3 parts by

ramethylpiperidines containing the group
5

Weight, based on 100 parts by Weight of PVC.

Sterically Hindered Amines (HALS)
The sterically hindered amines are generally compounds
containing the group

A

Examples of such polyalkylpiperidine compounds are as
folloWs (in the oligomeric or polymeric compounds, n and r
are in the range of 2-200, preferably in the range of 2-10,

especially 3-7):
01) N,N'-bis(2,2,6,6-tetramethylpiperidin-4-yl)ethylene-l,

(G-l)

V

\N/

2-diacetamide
20

01a) N,N'-bis(2,2,6,6-tetramethylpiperidin-4-yl)hexameth
ylene- l ,6-diacetamide

01b) N,N'-bis(2,2,6,6-tetramethylpiperidin-4-yl)ethylene-l,

in WhichA andV are each independently C 1_8-alkyl, C3_8
alkenyl, C5_8-cycloalkyl or C7_9-phenylalkyl, or

2-diformamide

together form C2_5 -alkylene optionally interrupted by O,
NH or CH3iN, or are a cyclic sterically hindered

25

02) N,N'-bis(2,2,6,6-tetramethylpiperidin-4-yl)adipamide
03) N,N'-bis(2,2,6,6-tetramethylpiperidin-4-yl)oxamide
04) 4 -hydroxybenZamido -2, 2, 6, 6-tetramethylpiperidine

amine, especially a compound from the group of the

05)
H

H

\N

O

NkQ/LN

H

05A)

O bi

N

1????
Y/YT\ /\
(CH2)s

N

m

06)

H

H

or;
N\ (CH2)s/N

O

