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BLENDED NUCLEATING AGENT COMPOSITIONS 
AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This Application claims priority to US. Provi 
sional Application No. 60/618,326; ?led Oct. 13, 2004. 

BACKGROUND OF THE INVENTION 

[0002] Nucleating and clarifying agents are chemical 
compositions that may be added to thermoplastic polymers 
to facilitate formation of the polymer as it changes from 
molten to solid form in the process of crystallization. Such 
additives may assist in reducing haze of polymeric struc 
tures. Many different chemical compositions are knoWn for 
this purpose. One major issue in the use of such agents is the 
amount or degree of clarity that the agent or additive imparts 
to a ?nished polymeric article. Reducing haze and thereby 
increasing clarity of such articles is a constant endeavor in 
the plastics industry. 

[0003] In general, the use of nucleating agents is a highly 
unpredictable technology area. Small or slight changes in a 
molecular structure can drastically change the ability of a 
given nucleating composition to nucleate or clarify effec 
tively a polymer composition. There is a large amount of 
unpredictability in the art of nucleating agents. There are 
many unknowns regarding the effect of a given substance on 
polymer morphology during recrystallization of thermoplas 
tics. 

[0004] As an example of one type of nucleator, diben 
zylidene sorbitol (DBS) compounds are common nucleator 
compounds, particularly for polypropylene end products. 
Compounds such as 1,3-O-2,4-bis(3,4-dimethylbenzylide 
ne)sorbitol (hereinafter DMDBS), available from Milliken 
and Company of Spartanburg, SC, USA under the trade 
name Millad 3988®, provide excellent nucleation charac 
teristics for target polypropylenes and other polyole?ns. For 
example, of great interest is the compatibility of such 
compounds With different additives Widely used Within 
typical polyole?n (e.g., polypropylene, polyethylene, and 
the like) plastic articles. 

[0005] Calcium stearate is a very popular acid neutralizer 
present Within typical polypropylene formulations to protect 
the end product from catalyst residue attack. Unfortunately, 
many nucleator compounds exhibit undesirable reactions 
With such compounds Within polyole?n articles. For sodium, 
and other metal ions, it appears that the calcium ion from the 
stearate transfers positions With the sodium ions of the 
nucleating agents, rendering the nucleating agents ineffec 
tive for their intended function. As a result, such compounds 
sometimes exhibit unWanted plate-out characteristics and 
overall reduced nucleation performance (as measured, for 
example) by a decrease in crystallization temperature during 
and after polyole?n processing. 

[0006] Problems that may be encountered With the stan 
dard nucleators noted above include inconsistent nucleation 
due to dispersion problems, resulting in stiffness and impact 
variation in the polyole?n article. Substantial uniformity in 
polyole?n production is highly desirable because it results in 
relatively uniform ?nished polyole?n articles. If the result 
ant article does not contain a Well-dispersed nucleating 
agent, the entire article itself may suffer from a lack of 
rigidity and loW impact strength. 
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[0007] Furthermore, storage stability of nucleator com 
pounds and compositions is another potential problem With 
thermoplastic nucleators. Nucleator compounds are gener 
ally provided in poWder or granular form to the polyole?n 
manufacturer. Since uniform small particles of nucleating 
agent may be imperative to provide the requisite uniform 
dispersion and performance, such compounds must remain 
as small particles through storage. Certain nucleators, such 
as sodium benzoate, exhibit relatively high degrees of 
hygroscopicity such that the poWders made therefrom 
hydrate easily resulting in particulate agglomeration. Such 
agglomerated particles may require further milling or other 
processing for de-agglomeration in order to achieve the 
desired uniform dispersion Within the target thermoplastic. 
Furthermore, such unWanted agglomeration due to hydration 
may also cause feeding or handling problems for the user. 

[0008] Solid bicyclo[2.2.l]heptane dicarboxylate salt 
containing thermoplastic nucleating additive formulations 
are used and sold in the industry. Milliken and Company of 
Spartanburg, South Carolina distributes commercially 
nucleating agents of such metal salts, under the trade name 
HYPERFORM®. One such product is knoWn commercially 
as HPN-68®, Which is sold by Milliken and Company. US. 
Pat. Nos. 6,465,551; 6,559,211; 6,521,685; and 6,583,206 
relate to such compounds and their use. The dicarboxylate 
salt is usually provided as a granular formulation, and is 
knoWn as a very good nucleating agent, particularly for 
applications that require high crystallization temperatures 
(Tc). 
[0009] Also of interest is the compatibility of such com 
pounds With different additives Widely used Within typical 
polyole?n (e.g., polypropylene, polyethylene, ethylene 
copolymer polypropylene, (and the like) plastic articles. As 
noted previously, calcium stearate compatibility is particu 
larly important. Unfortunately, many nucleators exhibit 
much deleterious nucleating ef?cacy With such compounds 
Within polyole?n articles. In order to avoid combinations of 
these standard nucleators and calcium salts, other nonionic 
acid neutralizers, such as dihydrotalcite (DHT4-A®), some 
times are necessary for use in conjunction With such nuclea 
tors. 

[0010] Other knoWn compounds useful for nucleation 
include sodium 2,2'-methylene-bis-(4,6-di-tert-butylphe 
nyl)phosphate (from Asahi Denka Kogyo K.K., knoWn 
commercially as NA-11®), talc, and the like. Such com 
pounds all impart high polyole?n crystallization tempera 
tures; hoWever, each also exhibits its oWn draWback for 
large-scale industrial applications. US. Pat. Nos. 4,463,113 
and 5,342,868 disclose crystalline synthetic resin composi 
tions of cyclic organophosphoric esters. 

[0011] The structure that is believed to be used in con 
nection With NA-11® is shoWn beloW: 
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[0012] A nucleating agent for polypropylene With a com 
bination of positive material properties, like high Tc, loW 
tl/z, isotropic shrinkage, and high sti?fness Would be highly 
desirable. Phosphate ester salts, like NA-ll® and NA-2l® 
(manufactured by Asahi Denka Kogyo Kabushiki Kaisha of 
Japan) are knoWn to incur relatively high stiffness in injec 
tion molded articles. HoWever, Warpage caused by aniso 
tropic shrinkage is often an undesired side effect of such 
materials. Such Warpage is a disadvantage of using phos 
phate ester salts, and causes them to be undesirable in many 
applications. 

[0013] Thus, it may be seen that each nucleating compo 
sition has its advantages and disadvantages. This has created 
a long-felt need in the polyole?n nucleator compound indus 
try to provide compositions that minimize such problems 
and provide excellent peak crystallization temperatures for 
the target polyole?n. Unfortunately, it is a signi?cant chal 
lenge to ?nd nucleators exhibiting exceptionally high peak 
crystallization temperatures, loW hygroscopicity, excellent 
thermal stability, high stiffness, and relatively loW amounts 
of shrinkage or Warpage in ?nished articles. For example, 
many nucleators cause shrinkage beyond the limits required 
to keep molded articles Within their size speci?cations. 
Shrinkage is a signi?cant problem in the industry. The 
invention disclosed herein is directed at minimizing such 
problems. 
[0014] Blends of more than one nucleator have been tried, 
but are not alWays successful. Furthermore, this is a highly 
unpredictable area of the chemical arts, and there is usually 
no any Way of knoWing What Will Work until it is tried, and 
tested, and a relatively substantial amount of Work is done. 

[0015] US. Pat. No. 6,586,007 is directed to a combina 
tion of 3,4 -dimethylbenzylidene sorbitol (DBS) and p-me 
thylbenzylidene sorbitol (mDBS). US. Pat. Nos. 6,521,685 
and 6,585,819 are directed to additives that comprise a blend 
of (a) bicyclic salts, and (b) benzylidene sorbitol acetals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] A full and enabling disclosure of this invention, 
including the best mode shoWn to one of ordinary skill in the 
art, is set forth in this speci?cation. The folloWing Figures 
illustrate the invention: 

[0017] FIG. 1 shoWs a comparison of crystallization tem 
perature and crystallization temperature half-time of 
homopolymer polypropylene nucleated by (l) Hyperform 
HPN-68® alone (2) NA-llUF® alone, as compared to the 
inventive blends of (3) Hyperform® HPN-68® With 
NA-ll®; 
[0018] FIG. 2 shoWs the difference in ?exural modulus 
compared to control; 

[0019] FIG. 3 shoWs results of shrinkage measurements; 
and 

[0020] FIG. 4 depicts results of anisotropy calculations. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Reference noW Will be made to the embodiments of 
the invention, one or more examples of Which are set forth 
beloW. Each example is provided by Way of explanation of 
the invention, not as a limitation of the invention. In fact, it 
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Will be apparent to those skilled in the art that various 
modi?cations and variations can be made in this invention 
Without departing from the scope or spirit of the invention. 

[0022] An object of the invention is to provide a thermo 
plastic additive composition that simultaneously induces 
high levels of nucleation ef?ciency as Well as loW degrees of 
haze (and thus excellent clarity) Within target thermoplastic 
articles. Additionally, the invention provides a nucleator/ 
clari?er additive composition that may be used in various 
polyole?n media for use in many end uses. 

[0023] Accordingly, this invention is directed to a nucle 
ating or clarifying agent composition that is a combination 
of a phosphate salt and a dicarboxylate salt. This combina 
tion or blend may be provided in various ratios. The inven 
tion also includes a method for applying such a combination 
in a thermoplastic formulation, and also the formulation 
containing the combination. 

[0024] In general, it is Widely knoWn that a combination of 
tWo different types of nucleating agents in one plastic or 
thermoplastic leads to the result that one of the nucleators 
overrides essentially all the effects of the other nucleating 
agent. This is a common and Widely understood principle in 
the art of nucleation. 

[0025] HoWever, in the practice of the invention, surpris 
ingly, it has been discovered that the addition of tWo speci?c 
types of nucleating agents (set forth herein) Will change only 
one of the properties (stiffness). This is the case, even though 
the crystallization temperatures and crystallization half 
times of the resulting nucleated polymers are barely a?fected. 

[0026] It Would be expected that the combination of: (a) a 
phosphate salt nucleating agent, and (2) a dicarboxylate salt 
nucleating agent, (3) When combined in a single plastic or 
thermoplastic formulation: Would not have had any signi? 
cant effects upon the crystallization temperature or sti?fness. 
HoWever, this unexpectedly discovered highly desirable 
combination provides, in certain circumstances, a crystalli 
zation temperature (Tc) that is substantially higher than the 
Tc’s of both the named single nucleators When used alone. 
Furthermore, the stiffness of the nucleator combination is 
higher or equal to the stiffness of using each alone. These are 
surprisingly and bene?cial results, Which are novel and 
nonobvious over knoWn prior art nucleating agent compo 
sitions. Further, these results and these particular blends are 
unknoWn in the industry. 

[0027] As used herein, the term “thermoplastic” refers 
generally to a polymeric material that Will melt upon expo 
sure to su?icient heat but Will retain its solidi?ed state upon 
cooling. “Thermoplastic” refers to plastics having crystal 
line or semi-crystalline morphology upon cooling after 
melt-formation, usually by the use of a mold or like article. 
Particular types of polymers contemplated Within such a 
de?nition include, Without limitation, polyole?ns (such as 
polyethylene, polypropylene, polybutylene, and any combi 
nation thereof), polyamides (such as nylon), polyurethanes, 
polyester (such as polyethylene terephthalate), and the like 
(as Well as any combinations thereof). 

[0028] Thermoplastics have been utilized in a variety of 
end-use applications, including storage containers, medical 
devices, food packages, plastic tubes and pipes, shelving 
units, and the like. Such base compositions, hoWever, must 
exhibit certain physical characteristics in order to permit 
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Widespread use. Speci?cally Within polyole?ns, for 
example, uniformity in arrangement of crystals upon crys 
talliZation is a necessity to provide an effective, durable, and 
versatile polyole?n article. In order to achieve such desirable 
physical properties, it has been knoWn that certain com 
pounds and compositions provide nucleation sites for poly 
ole?n crystal growth during molding or fabrication. Gener 
ally, compositions containing such nucleating compounds 
crystalliZe at a much faster rate than un-nucleated polyole?n. 
Such crystallization at higher temperatures results in 
reduced fabrication cycle times and a variety of improve 
ments in physical properties, such as stiffness. 

[0029] Such compounds and compositions that provide 
faster and or higher polymer crystallization temperatures are 
popularly knoWn as nucleators. Such compounds provide 
nucleation sites for crystal groWth during cooling of a 
thermoplastic molten formulation. 

[0030] In one embodiment of the invention, the combina 
tion comprises both a multi-cyclic phosphate salt and a 
metal or organic salts of saturated bicyclic dicarboxylates. 

[0031] Such a method includes the steps of (a) providing 
a molten thermoplastic formulation; (b) introducing to such 
formulation and mixing therein a composition comprising at 
least one phosphate-containing salt and at least one dicar 
boXylate-containing salt, and (c) alloWing the resultant com 
position of step “b” to cool into a thermoplastic article. 

Salts of Dicarboxylates 

[0032] Some particular, non-limiting examples of such 
novel nucleator compounds include the metal or organic 
salts of saturated [2.2.1]bicyclic dicarboxylates, and most 
preferably of these types of compounds conforming to 
Formula (1) 

Formula (I): 

Wherein M1 and M2 are the same or different, or M1 and M2 
are combined to from a single moiety, and are independently 
selected from the group consisting of metal or organic 
cations, and R1, R2, R3, R4, R5, R6, R7, R8, R9, and R10 are 
individually selected from the group consisting of hydrogen, 
Cl-C9 alkyl, hydroxyl, Cl-C9 alkoxy, Cl-C9 alkyleneoxy, 
amine, and C l-C9 alkylamine, halogen, phenyl, alkylphenyl, 
and geminal or vicinal Cl-C9 carbocyclic. 

[0033] The metal cations are selected from the group 
consisting of calcium, strontium, barium, magnesium, alu 
minum, silver, sodium, lithium, rubidium, potassium, and 
the like. Within that scope, group I and group H metal ions 
are generally quite effective. Among the group I and II 
cations, sodium, potassium, calcium and strontium are use 
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ful, Wherein sodium and calcium are very useful. Further 
more, the M1 and M2 groups may also be combined to form 
a single metal cation (such as calcium, strontium, barium, 
magnesium, aluminum, and the like). Although this inven 
tion encompasses all stereochemical con?gurations of such 
compounds, the cis con?guration is preferred Wherein cis 
endo is one of the most preferred embodiments. The pre 
ferred embodiment polyole?n articles and additive compo 
sitions for polyole?n formulations comprising at least one of 
such compounds are also encompassed Within this inven 
tion. 

[0034] A blended nucleating or clarifying composition for 
thermoplastics is employed, comprising a blend of a ?rst 
nucleating agent of a carboxylic acid salt compound and a 
second nucleating agent of a Bis-phenol phosphate. The ?rst 
nucleating agent is selected from the group conforming With 
the structure of Formula (I) 

(I) 

[0035] Wherein M l and M2 are the same or different, or M l 
and M2 are combined to from a single moiety, and are 
independently selected from the group consisting of metal or 

organic cations, and R1, R2, R3, R4, R5, R6, R7, R8, R9, and 
R10 are individually selected from the group consisting of 
hydrogen, C l-C9 alkyl, hydroxyl, C l-C9 alkoxy, C l-C9 alky 
leneoxy, amine, and Cl-C9 alkylamine, halogen, phenyl, 
alkylphenyl, and Cl-C9 carbocyclic. 

Cyclic Phosphates 

[0036] In some instances, the Bis-phenol phosphates com 
prise the formula: 

I; 

RIQTO\P<O 
RIQO/ 

— —n 

[0037] Wherein: R is selected from the group consisting of: 
a carbon-to-carbon bond; thio sulfur iSi; and alkylidene 
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in Which R3 and R4 are selected from the group consisting of 
hydrogen, alkyl having from one to about eighteen carbon 
atoms, and cycloalkyl, including cycloalkylidene in Which 
R3 and R4 are taken together as part of a cycloalkylene ring, 
having from three to about twelve carbon atoms; and in 
Which R1 and R2 each are selected from the group consisting 
of: hydrogen, alkyl having from about one to about eighteen 
carbon atoms; and cycloalkyl having from about 3-12 car 
bon atoms. Typically, M is a metal atom selected from alkali 
metal atoms or alkaline earth metal atoms; and n is the 
valence of the metal atom M, and ranges from 1 to 2. 

[0038] R is alkylidene 

— —n 

and R1 and R2 may be alkyl. In some embodiments, R is thio 
sulfur iSi and R1 and R2 are each alkyl. For some 
applications, R is a carbon-to-carbon bond and R1 and R2 are 
each alkyl. R may be cycloalkylidene and R1 and R2 may be 
each alkyl. 

[0039] In yet other applications, R1 and R2 may be t-alkyl, 
and R may comprise alkylidene. R may be provided as a 
carbon-to-carbon bond. Bis-phenol phosphates may be 
employed in Which R is thio sulfur iSi. R3 and R4 may be 
each hydrogen as Well. Furthermore, R3 may be hydrogen 
and R4 may be alkyl. R3 may be hydrogen and R4 may be 
cycloalkyl. Alternatively, R3 and R4 may be taken together 
as cycloalkylidene. Bis-phenol phosphates may be provided 
in Which M is an alkali metal. M may be an alkaline earth 
metal. M may be a polyvalent metal. R1 and R2 may be each 
tertiary alkyl. Rl may be hydrogen and R2 may be tertiary 
alkyl. Rl may be hydrogen and R2 may be cycloalkyl. 
[0040] Exemplary R alkylidene include at least the fol 
loWing, but are not limited to the following: methylidene, 
ethylidene, propylidene, isopropylidene, butylidene, isobu 
tylidene, sec-butylidene, tert-butylidene, amylidene, hexy 
lidene, heptylidene, octylidene, isooctylidene, 2-ethyl hexy 
lidene, nonylidene and decylidene; cyclohexylidene, 
cycloheptylidene, methyl cyclohexylidene, ethyl cyclohexy 
lidene, and cyclooctylidene. 
[0041] Exemplary R1 and R2, R3 and R4 alkyl include 
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, 
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t-butyl, amyl, t-amyl, hexyl, heptyl, octyl, 2-ethylhexyl, 
t-octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, heptadecyl and octadecyl. 

[0042] Exemplary R1 and R2, R3 and R4 cycloalkyl include 
cyclopropyl, cyclobutyl, cyclopentyl, methylcyclopentyl, 
cyclohexyl, methylcyclohexyl, cycloheptyl, cyclooctyl and 
cyclododecyl. 

[0043] Exemplary M monovalent metals include Li, Na, 
Ki; exemplary bivalent metals include Be, Ca, Sr, Ba, Zn, 
and Cd; Exemplary trivalent and tetravalent metals include 
Al, Ge, Sn, Pb, Ti, Zr, Sb, Cr, Bi, Mo, Mn, Fe, Co and Ni. 
Among these metals, the alkali metals such as Li, Na and K 
and the alkaline earth metals such as Mg, Ca, Sr and Ba are 
knoWn to be useful. 

[0044] Compounds useful for nucleation in the combina 
tion of the invention include, but are not limited to, sodium 
2,2'-methylene-bis-(4,6-di-tert-butylphenyl)phosphate 
(from Asahi Denka Kogyo K.K., knoWn commercially as 
NA-ll®), talc, and the like. The invention may employ 
essentially any cyclic group having a phosphate attached. 
Bicylic, tricyclic, and the like may be employed, With a 
phosphate salt, as one example. 

[0045] In one embodiment, the combination of the inven 
tion comprises both a multi-cyclic phosphate salt and 
organic salts of saturated bicyclic dicarboxylates. 

[0046] As indicated, the structure of NA-ll® is one 
example of a phosphate-containing nucleator that may be 
employed. Its structure is shoWn beloW: 

t-Bu t-Bu 

—Na 

[0047] This invention, in one embodiment, brings a com 
bination of the positive aspects from both phosphate ester 
salts and Hyperform® HPN-68 (a product of Milliken and 
Company of Spartanburg, S.C., USA), being: High crystal 
liZation temperatures (substantially equal to Hyperform® 
HPN-68); LoW crystallization half times (substantially equal 
to Hyperform® HPN-68); Isotropic shrinkage (betWeen 
control and Hyperform® HPN-68); Shrinkage reduction 
(betWeen NA-ll and Hyperform® HPN-68); High per 
ceived stiffness (substantially equal to NA-ll®). 

[0048] Although polyole?ns are preferred, the nucleating 
agents of the present invention are not restricted to polyole 
?ns, and may also give bene?cial nucleation properties to 
polyesters such as polyethylene terephthalate (PET), poly 
butylene terephthalate (PBT), and polyethylene naphthalate 
(PEN), as Well as polyamides such as Nylon 6, Nylon 6,6, 
and others. Generally, many different types of thermoplastic 
compositions having some crystalline content may be 
improved With the nucleating agents of the present inven 
tion. 
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EXAMPLES 

[0049] A series of nucleators Was compounded into 
homopolymer polypropylene (Basell Pro-fax® 6301 NT) 
together With a standard stabilization package (800 ppm 
calcium stearate, 1500 ppm lrganox® B215). Plaques 
(dimensions: 50><70><3 mm3) Were injection molded from 
the resulting compounds. Thermal properties Were deter 
mined With a Perkin Elmer Diamond DSC. Mechanical 
properties (?exural modulus) Were measured on a Lloyd 
LR10 tensile tester With a 500 N load cell. 

Thermal Properties 

[0050] The crystallization temperature Was determined by 
heating approximately 2.5 mg sample to 220° C., keeping it 
at this temperature for 2 minutes to remove any thermal 
history, and cooling doWn to 50° C. at a cooling rate of 20° 
C./min. The peak of the crystallization exotherm is regarded 
as the crystallization temperature. 

[0051] The crystallization half time Was determined by 
heating approximately 5.0 mg sample to 220° C., keeping it 
at this temperature for 2 minutes to remove any thermal 
history, and cooling doWn to 135° C. at a cooling rate of 
200° C./min. The time after Which half of the sample had 
crystallized is regarded as the crystallization half time. 

[0052] FIG. 1 shoWs the thermal properties measurements 
as a function of nucleator content. Values are provided in 
Table 1 beloW. 

[0053] The results in FIG. 1 shoW that Hyperform® 
HPN-68 nucleated polypropylene samples at concentrations 
over 500 ppm of nucleator have higher crystallization tem 
peratures than any of the NA-11® nucleated polymers. 
Blends of Hyperform HPN-68® and NA-11® nucleated 
polymers all have higher crystallization temperatures than 
the NA-11® nucleated polymers, irrespective of their com 
position. This is a surprising and unexpected result. The 
crystallization half times folloW the same trends. 

Mechanical Properties 

[0054] The ?exural modulus Was determined from three 
point bending force measurements on injection molded 
plaques (50><70><3 mm3). Measurements Were carried out at 
1.28 mm/minute bending speed on a 48 mm support span. 
The reported values are averages of ?ve measurements after 
eight days of annealing at room temperature. 

[0055] The results of the ?exural modulus measurements 
are graphically depicted in FIG. 2; values are in Table 2 in 
the appendix. FIG. 2 shoWs the di?‘erence in ?exural modu 
lus compared to control. All nucleated samples have a higher 
?exural modulus than the control samples. HoWever, it can 
be easily seen that the values for NA-11® nucleated 
homopolymer are signi?cantly higher than for the Hyper 
form HPN-68® nucleated samples, irrespective of the con 
centration. Furthermore, there is a signi?cant increase of 
?exural modulus With the concentration of NA-11®, While 
there is not for the Hyperform HPN-68® nucleated samples. 

[0056] Samples in Which both Hyperform® HPN-68 and 
NA-11 are present, have higher ?exural moduli than samples 
With just Hyperform® HPN-68, and equal moduli compared 
to samples With just NA-11® in concentrations of Hyper 
form® HPN-68 and NA-11® combined. 
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Shrinkage and Shrinkage Anisotropy 
[0057] Shrinkage Was determined from injection molded 
plaques ((50><70><3 mm3) in both machine direction (MD) 
and transverse direction (TD). Shrinkage anisotropy is as in 
Formula 1. 

Equation 1: 

, relative shrinkage in TD 
amsotropy: — 

relative shrinkage in MD 

De?nitionof anisotropy 

Relative shrinkage is de?ned in Formula 2. 

Equation 2 

. . l4) — L 

relative shnnkage : L0 * 100% 

De?nition of relative shrinkage 

Where L0 is the size of the mold, and L is the size of the 
plaque 2 days after injection molding. 
[0058] Results of the shrinkage measurements are shoWn 
in FIG. 3; results of the anisotropy calculations are shoWn 
in FIG. 4. The values are in Table 3. 

[0059] Hyperform® HPN-68 nucleated samples shoW the 
highest shrinkage in both machine direction (MD) and 
transverse direction (TD) and shrinkage is slightly depen 
dent on HPN-68 concentration. Shrinkage in the NA-11 
nucleated samples is di?cerent for TD and MD; in the MD, 
the shrinkage is loWer than control, While in the TD shrink 
age is equal to or higher than control. The samples contain 
ing both Hyperform® HPN-68 and NA-11® have shrink 
ages that are equal or slightly higher than control in both 
directions, but loWer than the Hyperform® HPN-68 nucle 
ated samples. 

[0060] E?‘ects on anisotropy are shoWn in FIG. 4. 

[0061] Materials nucleated With only NA-11® have a high 
tendency for anisotropic shrinkage compared to control 
materials. This anisotropic shrinkage is not signi?cantly 
dependent on the concentration of NA-11®. Materials 
nucleated With Hyperform® HPN-68 have a tendency to 
shrink more isotropically than control materials. Shrinkage 
induced by Hyperform® HPN-68 tends to be more isotropic 
by increasing the concentration of the nucleating agent. 

[0062] Samples containing both Hyperform® HPN-68 
and NA-11® have anisotropy values comparable or slightly 
higher than samples With just Hyperform HPN-68, and 
slightly loWer or equal compared to control material. 

[0063] Homopolymer polypropylene nucleated With a 
mixture of Hyperform® HPN-68 and NA-11® surprisingly 
and unexpectedly provides several bene?cial properties in 
the polymer. These may include, but are not limited to, the 
folloWing positive properties: High crystallization tempera 
tures (may be substantially equal to Hyperform® HPN-68); 
LoW crystallization half times (may be substantially equal to 
Hyperform® HPN-68); Isotropic shrinkage (betWeen con 
trol and Hyperform® HPN-68); Shrinkage reduction 
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(between NA-11® and Hyperform® HPN-68); High per 
ceived sti?cness (substantially equal to NA-11®). 

[0064] Sheet extrusion and therrnoforrning are applica 
tions besides injection molding Where this blend could be 
bene?cial. The stiffness of NA-11 and isotropic shrinkage of 
Hyperform® HPN-68 are a highly desirable combination for 
both applications. 

[0065] Accordingly, this invention is directed to a nucle 
ating or clarifying agent composition that is a combination 
of a phosphate salt and a dicarboxylate salt. One example of 
the phosphate salt is the NA-11®, as shoWn above. HoW 
ever, many other phosphate salts could be used, and the 
invention is not limited to any particular phosphate salt. This 
combination or blend may be provided in various ratios. The 
invention also includes a method for applying such a com 
bination in a thermoplastic formulation, and also the formu 
lation containing the combination. 

[0066] In the blends of the invention, synergistic effects 
are evident. That is: the Tc of combination is higher that Tc’s 
of each component alone, although someWhat loWer than 
hyperform at the total concentration of both: 

NA-11®(500 ppm); 121.30 c. 
HPN-68 ® (500 ppm); 123.6° c. 
HPN-68 ® + NA-11 (ppm 500); 126.9° c. 
HPN-68 ® (1000 ppm); 128.1° c. 

[0067] The effect of the combination is surprisingly high, 
and also bene?cial for many applications. As to sti?‘ness, it 
is observed to be about the same as With Tc. That is, the 
stiffness is higher or equal than both alone, but someWhat 
loWer or equal than NA-11® at the total concentration of 
both. 

NA-11® (1000 ppm): 1695 MPa 
HPN-68 ® (1000 ppm): 1623 MPa 
HPN-68 + NA-11 ® (both 1000): 1727 MPa 
NA-11 (2000 ppm): 1731 Mpa 

[0068] Also, these values should be noted as Well, set forth 
beloW. 

NA-11® (1000 ppm); 1695 MP6 
HPN-68 ® (500 ppm); 1614 MP6 
HPN-68 + NA-11® (500 +1000); 1710 MP6 
NA-11 (1500 ppm); 1712 MP6 

Example 1 

Hyperform HPN-68:NA-11=500:500 

[0069] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 5.0 g of Hyperform Concentrate Hi5-5 
[Hi5-5 is a 5% concentrate form of Hyperform® HPN-68®, 
and also is a product of Milliken and Company of Spartan 
burg, S.C., USA]; 0.25 g of NA-11® (2,2'-methylene-bis(4, 
6-di-tert-butylphenyl)phosphate sodium) and a standard sta 
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bilization package (0.75 g lrganox® B-215 and 0.40 g 
calcium stearate). To this mixture, enough polypropylene 
homopolymer ?uff Was added for the total Weight to reach 
500 g. The resulting mixture Was physically blended With a 
ribbon blender for at least ?ve minutes. 

Example 2 

Hyperform® HPN-68zNA-1 1=100: 1000 

[0070] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 1.0 g of Hyperform® Concentrate Hi5-5, 
0.50 g of NA-11® (2,2'-methylene-bis(4,6-di-tert-butylphe 
nyl)phosphate sodium) and a standard stabilization package 
(0.75 g lrganox® B215 and 0.40 g calcium stearate). To this 
mixture, enough polypropylene homopolymer ?uff Was 
added for the total Weight to reach 500.00 g. The resulting 
mixture Was physically blended With a ribbon blender for at 
least ?ve minutes. 

Example 3 

Hyperform® HPN-68:NA-11=200:1000 

[0071] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 2.0 g of Hyperform® Concentrate Hi5-5, 
0.50 g of NA-11 (2,2'-methylene-bis(4,6-di-tert-butylphe 
nyl)phosphate sodium) and a standard stabilization package 
(0.75 g lrganox® B-215 and 0.40 g calcium stearate). To this 
mixture, enough polypropylene homopolymer ?uff Was 
added for the total Weight to reach 500 g. The resulting 
mixture Was physically blended With a ribbon blender for at 
least ?ve minutes. 

Example 4 

Hyperform® HPN-68:NA-11=500:1000 

[0072] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 5.0 g of Hyperform® Concentrate Hi5-5, 
0.50 g of NA-11® (2,2'-methylene-bis(4,6-di-tert-butylphe 
nyl)phosphate sodium) and a standard stabilization package 
(0.75 g lrganox® B215 and 0.40 g calcium stearate). To this 
mixture, enough polypropylene homopolymer ?uff Was 
added for the total Weight to reach 500 g. The resulting 
mixture Was physically blended With a ribbon blender for at 
least ?ve minutes. 

Example 5 

Hyperform® HPN-68:NA-11=750:1000 

[0073] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 7.5 g of Hyperform ® Concentrate Hi5-5, 
0.50 g of NA-11 (2,2'-methylene-bis(4,6-di-tert-butylphe 
nyl)phosphate sodium) and a standard stabilization package 
(0.75 g lrganox® B-215 and 0.40 g calcium stearate). To this 
mixture, enough polypropylene homopblymer ?uff Was 
added for the total Weight to reach 500.00 g. The resulting 
mixture Was physically blended With a ribbon blender for at 
least ?ve minutes. 

Example 6 

Hyperform® HPN-68:NA-11=1000:1000 

[0074] To a mixture of 200 g polypropylene homopolymer 
?uff Was added 10.0 g of Hyperform® Concentrate Hi5-5, 
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0.50 g of NA-11 (2,2'-METHYLENE-BlS(4,6-Dl-TERT 
BUTYLPHENYL)PHOSPHATE SODIUM) and a standard 
stabilization package (0.75 g lrganox® B215 and 0.40 g 
calcium stearate). To this mixture, enough polypropylene 
homopolymer ?ulT Was added for the total Weight to reach 
500 g. The resulting mixture Was physically blended With a 
ribbon blender for at least ?ve minutes. 

Example 7 

Hyperform® HPN-68 500 ppm4Comparative 

[0075] To a mixture of 200 g polypropylene homopolymer 
?u?cwas added 5.0 g of Hyperform® Concentrate Hi5-5 and 
a standard stabilization package (0.75 g lrganox® B215 and 
0.40 g calcium stearate). To this mixture, enough polypro 
pylene homopolymer ?ulT Was added for the total Weight to 
reach 500.00 g. The resulting mixture Was physically 
blended With a ribbon blender for at least ?ve minutes. 

Example 8 

Hyperform® HPN-68 1000 ppm4Comparative 

[0076] To a mixture of 200 g polypropylene homopolymer 
?ulT Was added 10.0 g of Hyperform® Concentrate Hi5-5 
and a standard stabilization package (0.75 g lrganox® B215 
and 0.40 g calcium stearate). To this mixture, enough 
polypropylene homopolymer ?ulT Was added for the total 
Weight to reach 500.00 g. The resulting mixture Was physi 
cally blended With a ribbon blender for at least ?ve minutes. 

Example 9 

NA- 1 1 ® 1000 ppmiComparative 

[0077] To a mixture of 200 g polypropylene homopolymer 
?ulT Was added 0.50 g of NA-11® (2,2'-methylene-bis(4,6 
di-tert-butylphenyl)phosphate sodium) and a standard sta 
bilization package (0.75 g lrganox® B215 and 0.40 g 
calcium stearate). To this mixture, enough polypropylene 
homopolymer ?ulT Was added for the total Weight to reach 
500.00 g. The resulting mixture Was physically blended With 
a ribbon blender for at least ?ve minutes. 

Example 10 

Extrusion and Injection Molding 

[0078] The mixtures obtained in examples 1 to 7 Were 
melt-compounded on a Killion® KLB 100 (L/D ratio 32:1 
single screW D=1"). The temperature pro?le Was set at 205 
° C. (feed)-220o C.-230o C.-230o C. (die) and a screen pack 
screen pack (40/300/ 100/ 60 mesh) Was used. Plaques of 
dimensions 70><50><3 mm3 (length><Width><thickness) Were 
injection molded from the melt-compounded blends on an 
Arburg Allrounder 221-55-250 With 18 mm diameter screW. 
The temperature pro?le Was set as follows, 2000 C. (feed) 
215o C.-215o C.-215o C. (nozzle). 

Example 11 

Physical Testing 

[0079] Crystallization temperatures Were determined With 
a Perkin Elmer Diamond DSC on small pieces (~2.5 mg) of 
injection molded plaques. The folloWing temperature pro?le 
Was used: heating at 200 C./min to 2200 C., holding at 2200 
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C. for 2 minutes, cooling at 200 C./min to 500 C. The 
crystallization temperature TC Was determined in the cooling 
run. Subsequent heating at 200 C. to 2200 C. provided the 
melting temperature. Shrinkage Was determined by measur 
ing the injection molded 3 mm plaques 48 hours after 
injection molding With a caliper. Shrinkage in both machine 
as Well as transverse direction Were calculated by the for 
mula shrinkage=(LO—L)/LO*100%, in Which L0 is the mold 
dimension and L is the size of the injection molded plaque 
after 48 hours. Shrinkage anisotropy is determined by the 
formula anisotropy=(shrinkage TD)/(shrinkage MD)—1. 
Flexural modulus is determined 7 days after injection mold 
ing on 3 mm plaques. 

Example 12 

Hyperform® HPN-68zNA-1 1 =500: 500, Random 
Copolymer 

[0080] To a mixture of 200 g polypropylene random 
copolymer ?ulT Was added 5.0 g of Hyperform® Concen 
trate Hi5-5, 0.25 g ofNA-ll (2,2'-methylene-bis(4,6-di-tert 
butylphenyl)phosphate sodium) and a standard stabilization 
package (0.75 g lrganox® B215 and 0.40 g calcium stear 
ate). To this mixture, enough polypropylene random copoly 
mer ?ulT Was added for the total Weight to reach 500.00 g. 
The resulting mixture Was physically blended With a ribbon 
blender for at least ?ve minutes. 

Example 13 

Hyperform® HPN-68:NA-11=500:1000. Random 
Copolymer 

[0081] To a mixture of 200 g polypropylene random 
copolymer ?ulT Was added 5.0 g of Hyperform Concentrate 
Hi5-5, 0.50 g of NA-11 (2,2'-methylene-bis(4,6-di-tert-bu 
tylphenyl)phosphate sodium) and a standard stabilization 
package (0.75 g lrganox B215 and 0.40 g calcium stearate). 
To this mixture, enough polypropylene random copolymer 
?ulT Was added for the total Weight to reach 500.00 g. The 
resulting mixture Was physically blended With a ribbon 
blender for at least ?ve minutes. 

Example 14 

Hyperform® HPN-68:NA-11=1000: 1000, Random 
Copolymer 

[0082] To a mixture of 200 g polypropylene random 
copolymer ?ulT Was added 10.0 g of Hyperform® Concen 
trate Hi5-5, 0.50 g ofNA-ll (2,2'-methylene-bis(4,6-di-tert 
butylphenyl)phosphate sodium) and a standard stabilization 
package (0.75 g lrganox® B215 and 0.40 g calcium stear 
ate). To this mixture, enough polypropylene random copoly 
mer ?ulT Was added for the total Weight to reach 500.00 g. 
The resulting mixture Was physically blended With a ribbon 
blender for at least ?ve minutes. 

[0083] It is understood by one of ordinary skill in the art 
that the present discussion is a description of exemplary 
embodiments only, and is not intended as limiting the 
broader aspects of the present invention, Which broader 
aspects are embodied in the exemplary constructions. The 
invention is shoWn by example in the appended claims. 
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What is claimed is: 
1. A blended nucleating or clarifying composition for 

thermoplastics comprising a blend of more than one species 
of nucleating agent, said blend comprising at least the 
folloWing: 

(a) a ?rst nucleating agent of a carboxylic acid salt 
compound; and 

(b) a second nucleating agent of a phosphate-containing 
salt compound. 

2. The blended composition of claim 1 Wherein said ?rst 
nucleating agent is selected from the group conforming With 
the structure of Formula (I) 

(I) 

Wherein M1 and M2 are the same or different, or M1 and M2 
are combined to from a single moiety, and are independently 
selected from the group consisting of metal or organic 
cations, and R1, R2, R3, R4, R5, R6, R7, R8, R9, and R10 are 
individually selected from the group consisting of hydrogen, 
Cl-C9 alkyl, hydroxyl, Cl-C9 alkoxy, Cl-C9 alkyleneoxy, 
amine, and C l-C9 alkylamine, halogen, phenyl, alkylphenyl, 
and Cl-C9 carbocyclic. 

3. The composition of claim 2 Wherein said metal or 
organic cation is a metal cation selected from the group 
consisting of: Group I and Group H metal ions. 

4. The composition of claim 2 Wherein said metal or 
organic cation is selected from the group consisting of: 
sodium, potassium, calcium, lithium, rubidium, barium, 
magnesium, and strontium, silver, Zinc, aluminum. 

5. The composition of claim 4 Wherein said metal or 
organic cation comprises sodium or calcium. 

6. A thermoplastic article comprising the blended com 
position of claim 1. 

7. A thermoplastic article comprising the blended com 
position of claim 2. 

8. A thermoplastic article comprising the blended com 
position of claim 3. 

9. A thermoplastic article comprising the blended com 
position of claim 4. 

10. A thermoplastic article comprising the blended com 
position of claim 5. 

11. The article of claim 6 Wherein said thermoplastic 
article comprises polypropylene. 

12. The article of claim 7 Wherein said thermoplastic 
article comprises polypropylene. 

13. The article of claim 8 Wherein said thermoplastic 
article comprises polypropylene. 

14. The article of claim 9 Wherein said thermoplastic 
article comprises polypropylene. 

15. The article of claim 10 Wherein said thermoplastic 
article comprises polypropylene. 
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16. A blended nucleating or clarifying composition for 
thermoplastics comprising a blend of more than one species 
of nucleating agent, said blend comprising at least the 
folloWing: 

(a) a ?rst nucleating agent of a carboxylic acid salt 
compound; said ?rst nucleating agent being selected 
from the group conforming With the structure of For 
mula (I) 

(I) 

Wherein M1 and M2 are the same or different, or M1 and 
M2 are combined to from a single moiety, and are 
independently selected from the group consisting of 
metal or organic cations, and R1, R2, R3, R4, R5, R6, R7, 
R8, R9, and R10 are individually selected from the 
group consisting of hydrogen, Cl-C9 alkyl, hydroxyl, 
Cl-C9 alkoxy, Cl-C9 alkyleneoxy, amine, and Cl-C9 
alkylamine, halogen, phenyl, alkylphenyl, and Cl-C9 
carbocyclic; and 

(b) a second nucleating agent of a Bis-phenol phosphate. 
17. The composition of claim 16, Wherein said Bis-phenol 

phosphate comprises the formula: 

1'12 

RIQ O\P<O 
RIQO/ 

— —n 

Wherein: R is selected from the group consisting of: a 
carbon-to-carbon bond; thio sulfur iSi; and alky 
lidene 

in Which R3 and R4 are selected from the group consisting 
of hydrogen, alkyl having from one to about eighteen 
carbon atoms, and cycloalkyl, including cycloalky 
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lidene in Which R3 and R4 are taken together as part of 
a cycloalkylene ring, having from three to about twelve 
carbon atoms; 

R1 and R2 each are selected from the group consisting of: 
hydrogen, alkyl having from about one to about eigh 
teen carbon atoms; and cycloalkyl having from about 
3-12 carbon atoms; 

M is a metal atom selected from the group consisting of: 
alkali metal atoms and alkaline earth metal atoms; and 

n is the valence of the metal atom M, and ranges from 1 
to 2. 

18. Bis-phenol phosphates according to claim 17 Wherein 
R is alkylidene 

and said R1 and R2 are both alkyl. 
19. Bis-phenol phosphates according to claim 17 in Which 

R is thio sulfur iSi and R1 and R2 are both alkyl. 
20. Bis-phenol phosphates according to claim 17 in Which 

R is a carbon-to-carbon bond and R1 and R2 are both alkyl. 
21. Bis-phenol phosphates according to claim 17 in Which 

R is cycloalkylidene and R1 and R2 are both alkyl. 
22. Bis-phenol phosphates according to claim 17 in Which 

R1 and R2 are each t-alkyl and R comprises alkylidene. 
23. Bis-phenol phosphates according to claim 17 in Which 

R is a carbon-to-carbon bond. 
24. Bis-phenol phosphates according to claim 17 in Which 

R is thio sulfur iSi. 
25. Bis-phenol phosphates according to claim 17 in Which 

R is alkylidene according to the structure: 

26. Bis-phenol phosphates according to claim 25 in Which 
R3 and R4 are both hydrogen. 

27. Bis-phenol phosphates according to claim 25 in Which 
R3 is hydrogen and R4 is alkyl. 

28. Bis-phenol phosphates according to claim 25 in Which 
R3 is hydrogen and R4 is cycloalkyl. 

29. Bis-phenol phosphates according to claim 25 in Which 
R3 and R4 are taken together as cycloalkylidene. 

30. Bis-phenol phosphates according to claim 25 in Which 
M is an alkali metal. 
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31. Bis-phenol phosphates according to claim 25 in Which 
M is an alkaline earth metal. 

32. Bis-phenol phosphates according to claim 25 in Which 
M is a polyvalent metal. 

33. Bis-phenol phosphates according to claim 25 in Which 
R1 and R2 are each tertiary alkyl. 

34. Bis-phenol phosphates according to claim 25 in Which 
R1 is hydrogen and R2 is tertiary alkyl. 

35. Bis-phenol phosphates according to claim 25 in Which 
R1 is hydrogen and R2 is cycloalkyl. 

36. A thermoplastic article comprising the blended com 
position of claim 16. 

37. A thermoplastic article comprising the blended com 
position of claim 17. 

38. A thermoplastic article comprising the blended com 
position of claim 18. 

39. A blended nucleating or clarifying composition for 
thermoplastics comprising a blend of more than one species 
of nucleating agent, said blend comprising at least the 
folloWing: 

(a) a ?rst nucleating agent of a carboxylic acid salt 
compound; and 

(b) a second nucleating agent of a phosphate-containing 
salt compound; 

(c) further Wherein said ?rst nucleating agent and said 
second nucleating agent are provided in said thermo 
plastic at a predetermined ratio. 

40. The composition of claim 39 Wherein said ratio of 
(a):(b) comprises about 1:10. 

41. The composition of claim 39 Wherein said ratio of 
(a):(b) comprises about 1:5. 

42. The composition of claim 39 Wherein said ratio of 
(a):(b) comprises about 1:3. 

43. The composition of claim 39 Wherein said ratio of 
(a):(b) comprises about 1:2. 

44. The composition of claim 39 Wherein said ratio of 
(a):(b) comprises about 1:1. 

45. The composition of claim 40 Wherein said blended 
composition is provided in said thermoplastic at concentra 
tion level of (a) of about 100 ppm. 

46. The composition of claim 41 Wherein said blended 
composition is provided in said thermoplastic at a concen 
tration level of (a) of about 200 ppm. 

47. The composition of claim 42 Wherein said blended 
composition is provided in said thermoplastic at an overall 
concentration level of (a) of about 1500 ppm. 

48. The composition of claim 43 Wherein said blended 
composition is provided in said thermoplastic at a concen 
tration level of (a) of about 500 ppm. 

49. The composition of claim 44 Wherein said blended 
composition is provided in said thermoplastic at a concen 
tration level of (a) of betWeen about 500 and about 1000 
PPm~ 

50. A blended nucleating or clarifying composition for 
thermoplastics comprising a blend of more than one species 
of nucleating agent, said blend comprising at least the 
folloWing: 

(a) a ?rst nucleating agent of a carboxylic acid salt 
compound; said ?rst nucleating agent being selected 
from the group conforming With the structure of For 
mula (I) 
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alkylamine, halogen, phenyl, alkylphenyl, and Cl-C9 
carbocyclic; and 

(I) (b) a second nucleating agent of a Bis-phenol phosphate, 
said second nucleating agent having the structure pro 
Vided below: 

t-Bu t'Bu 

Wherein M1 and M2 are the same or dilTerent, or M1 and t_Bu O\ /O t_Bu 
M2 are combined to from a single moiety, and are //P\ 
independently selected from the group consisting of O O—Na 
metal or organic cations, and R1, R2, R3, R4, R5, R6, R7, 
R8, R9, and R10 are individually selected from the 
group consisting of hydrogen, Cl-C9 alkyl, hydroxyl, 
Cl-C9 alkoxy, Cl-C9 alkyleneoxy, amine, and Cl-C9 * * * * * 

Wherein t-Bu refers to a tertiary butyl group. 


