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This invention generally relates to improved surface treatments for
AR paciter and colorant n very many applcations LA 125

paper and paper products, in paints, coatings and coated goods, and in
thermoplastics, thermosets and the articles made therefrom. A variety of

inorganic and organic surface treatments have been developed over the

years to provide certain desired attributes to base titanium dioxide

pigments, whether made by the older sulfate process or the more recent
chloride process. In thermoplastic applications in particular,

processors desire pigments which disperse quickly and cleanly in their

mixing systems, offer $B& 4Rt graHGPaERyIMG Broperties, and provide
extended run times with a minimal amount of residue. Further, since the,
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the present invefition may be used in any application wherein such

'chloﬁﬁg%%g@é are conventionally used, of course, for example in paper and
paper products, in paints, coatings and coated goods, and in
thermeRisslicecispMasRis andihe Athk | esonash iRk ommiepretaiiad disperse
application will be'in thermoplastic or thermoset compositions and in the

quicki§'lisiessaspaatively masdelwesuchaampositpraswhtleoparioereteeds, and
application will be in the thermoplastic compositions and articles. Ina

provid¥ skRapeTnthee-isprovideadifnlinorgan e exideyifmeid-havingitepasifecure of
on its surface at least one ethylene glycol ester, or diester, the diester

thermbisivbng toenfostiols REACGIRIsHRACH2NACER, guhds envidvasreghosnpier included
from two to fourteen and R is a straight-chain or branched-chain alkyl

pigmegtoup devitaihingptisaststio ofido fiftetnttdrboirdtorfisng, dhis especially desired

- embodiment, the inorganic oxide pigment is titanium dioxide pigment. _

that thinpigssatnavadpsetitherdhisnmiiviten havmres msdYdhaaiisasiopmed properties but
comprised of 10 percent or more by weight of titanium dioxide pigment as

also hejesfiersgllpnfttbeamsal aabilibdiment and 10 percent or more by weight of an
olefinic homopolymer or copolymer. _ In a third aspect, there is ] X
p e Bl BRpIRRE R RERISOM E MEBTIARG IR JBR ARFH Shibsi e Bspstdperganic

.. comprising polyvinyl chloride or chlorinated polyvinyl chloride and 0.1 or
oxide pigrachii i P ERGHR S e AU 8?8%%%@%3@ B IR D ety

. embodiment, per Qne hundred parts by weight of the polyvinyl chloride
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chloride’and 0.1 or more parts by weight of an inorganic oxide pigment
according to the first aspect, per one hundred parts by weight of the

polyvinyl chloride or chlorinated ponvfnyI chloride.




An especially preferred application will be in polyvinyl chloride (PVC), in
chlorinated polyvinyl chloride (CPVC) or in polyethylene compositions and
the articles respectively made from pigmented homopolymers or

copolymers of PVC, CPVC or polyethylene, for example. In this most

preferred context, the ethylene glycol esters and diesters have been
conkpgvpnalhd ussdd previonslyiers plastidizersrandragproepssipg @ids, bot paints,
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surface of the pigment in a comparable amount, ranging in preferred "WO
copOBIBING0386PCT/US2007/022255 embodiments up to 1 percent by

weighthasachgnthaRignmeptNihereiperganis exigereatems a8 polyvinyl
performed, these will preferably be done prior to any treatment wit }he
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94-28-0), tetraethyl lycol di-2-ethylhexoate, presently.co rcially .
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to a titanium dioxide pigment, for example, by deposition in a fluid energy
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the dry pigment by mixing or spraying, or through the drying of pigment
chigifities containing the ester or diester materials. The present invention is
further illustrated by the following examples: Examples 1-4 with

Comparative Example Four samples of the same commercial scale,

ruffle titanium dioxide base were treated in a fluid energy mill to deposit

0.3 percent by weight, based on the pignent, of the conventional organic

treatment trimethylolpropane (IMP), along with two different amounts each

of the TegMeR 803 glycol ester and TegMeR(r) 804 glycol ester materials,

respectively. A fifth WO 2008/060386PCT/US2007/022255 sample was

treated as a control for purposes of comparison, depositing only 0.3

percent of TMP. Each of the pigment samples thus prepared was tested

for various attributes as described in greater detail hereafter, including dry

color (Dry L*) and brightness (Dry b*), LDPE tint strength (TS) and tint

tone (TT), LDPE high load equilibrium torque, LDPE screen pack (PPM),

PVC fusion torque (FT) and dynamic thermal stability. The particular

details for testing each of these attributes are as follows, with the results

of the testing being reported in Table 1 below, or reflected in Figures 1
and 2 for the dyvvnamie thermal ctahilityy teacte - Drv Color and Rrinhtneace



LDPE Tint Strength and Tint Tone: For these tests the pigment samples
were blended into a carbon black low density polyethylene plastic
concentrate, manufactured by Chroma Corporation, which contains Raven
1020 at 0.011% by weight, Dow MN711 LDPE at 20.00% by weight, and
Dow 640 LDPE at 79.98% by weight. This black color concentrate is
colléctivisRERABW PRI E dhapshspaCHIbY RO, (CARBSIRyITRE¢Ege (PYVC), in
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CIE L* and b* values on a MacBeth model 7000A spectrophotometer
as fiyhieg eepsesiumihakkaarslsidver angle, and specular reflectance

inclp@@@lfab;y,Lﬁ&ﬂﬁaf%‘gm@m&gigmm{umJ QEgugickhsinventiveandeast one
controlﬁr‘ﬂ%ment samples (at 75 parts per hundred by weight) were each

SRR AD T Fa s TSh B IRSRHY HEIEFRASHE fromPiFHESDlipre the diester
has @hemicah Cormpank Midizod, Michigan fat«iepantssperdaungigdbiom two to
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screens - two 40 mesh stainless steel screens with'a 500 mesh stainless
PigERsB|isereanErRie O coH]ERGIBPIRRTadorque rheometer (in this
case, a Brabender PL-2000 Plasti-corder) which has been equipped with
a single screw extruder attachment and horizontal rod die, to determine
the amount of residue left on the screen pack assembly and thus how well
the TiO2 samples were dispersed in the masterbatch. More
particularly, for the screen pack value in accordance with ASTM D6265,
each of the two 40 mesh (US), 2.8 cm (1.125 inch) diameter screens and
the 500 mesh (US), 2.8 cm (1.125 inch) diameter screen were pre-dried in
a muffle furnace at 700 C for ten minutes. Upon removal from the muffle
furnace, the screens were placed in a desiccator until they reached WO
2008/060386PCT/US2007/022255 ambient temperature (23C) and the
500 mesh screen was then weighed (the "before" weight). The screen
pack was then placed between the single screw extruder and the die. The
screen pack consisted of a spacer ring next to the nose of the screw, one
of the 40 mesh screens, followed by the 500 mesh screen, followed by the
remaining 40 mesh screen and finallzy a breaker plat. A 500 ppm
mixture of Irganox B-900 antioxidantfmanufactured by Ciba Specialty
Chemicals, Basel, Switzerland) in low density polyethylene was made by
blending 1000.0 grams of Dow 4012 LDPE resin (The Dow Chemical
Company, Midland, Michigan) and 005 grams of Irganox B-900. The
samples tested each consisted of 36.8 grams of the Irganox B-900/Dow
4012 blend and 110.5 grams of a pigment sample which were thoroughly
blended. The samples were fused in a Brabender mixer, then cooled and
granulated. The screw speed on the extruder was set to 75 rpm. One

hundred grams of each granulated sample were added to the extruder
foad honnear and allowed to comnletalvy eviriide throrinh the crreen naclk



PVC Fusion Toroue: To examine the effect of the ethylene glycol diester
surface treatments on the processability of the base titanium dioxide
%gﬁgment the samples described above were combined with polyvinyl
BHEEH blender using rollerblades at 60 rpm and at W - T7US2007/022255
2008/060386PCT/US2007/022255 180 degrees Celsius, and the fusion
torque and time of the samples determined according to ASTM D2538,
together with the gelation time (in milligrams/minute). PVC Dynamic
Thermal Stability: Pigmented PVC compositions were prepared in the
same blender (as the PVC Fusion Torque tests) but at 100 rpm and 205
embodiegreesCelsiussdRentesentaile $apafles: ibrerpeedt fronherd iabeadir oxide
mixer every two minutes until the PVC matrix degraded. The L* and b*
reatmeaisies weremead] driheutetsihpiesiemdtive resuitdarEnshbwiinta cthylene
function of processing time in Flgures 1and 2. Results of the various
glycolatiterstestsifettres tiahedymensduyraing) andisiy/ythee FoEAvwrifTEMdreagent such
follows: TABLE 1- ATTRIBUTES OF INVENTIVE SURFACE-TREATED
as TMPIO2 Example Surface Treatments TS Dry L* Dry b* Torque

More preferred surface treatment materials according to the present invention include:
triethylene glycol di-2-sthythexoate, presently commercially available from The C.P. Hall
Company, Chicago, IHlinois as TegMeR® 803 glycol ester (CAS No, 94-28-0); tetracthylene
glycol di-2-ethylhexoate, presently commercially available frora The CP. Hall Company,
Chicago, Tllinois as TegMeR® 804 glycol ester (CAS No. 18268-70-7); and polyethylene glycol
di-2-ethythexoate, presently commercially available from The C.P. Hall Company, Chicago,
THinois as TegMeR® 809 glycol ester (CAS No. 9004-93-7).

The ethylene glycol esters and diesters.of the present invention may be applied in any
manner suited to applying such materials to a titanium dioxide pigment, for example, by
deposition in a fluid energy mill in which the pigment is ground to a desired” size prior to
packaging or being formed into a final product slurry, applying the esters or diesters to the dry
pigment by mixing or spraying, or through the drying of pigment shurries containing the ester or
d.iester materials.

The present invention is further illustrated by the following examples:

Examples 1-4 with Comparative Example

Four samples of the same commercial scale, rutile titanium dioxide base were treated in a
fluid energy mill to deposit 0.3 percent by weight, based on the pigment, of the conventional
organic treatment frimethylolpropane (M), along with two different amounts each of the

TegMeR® 803 glycol ester and TegMeR® 804 glycol ester materials, respectively. A fifth



PPM Fusion Time (seconds) Gel Time (mg/m) Comp 0.3% IMP 102.4 -5.4
98.0 1.48 1496 5.9 (858 psi) 143
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sample was treated as a control for purposes of comparison, deposiimg only 0.3 percent of TMP.
Each of the pigment samples thus prepared was t§sted for various siiributes as described in
gz'eater detail hereafter, including dry color (Dry L¥) and brightness (Dry b*), LDPE tint strength
(TS) and tint tone (TT), LDPE high load equilibrium torgue, LDPE screen pack (PPM), PVC
fusion torque (FT) and dynamic thermal stability. The particular details for testing each of these
attribufes are as foliows,. with the results of the testing being reported in Table 1 below, or
reflected in Figures 1 and 2 for the dynamic thermal stabnlity tests :

Dry Color and Brightness Tests: These were performed by forming the dry treated
pigment (each of the four inventive samples and the control) into a pellet over 30 seconds at 20.7
MPa (3000 psi) using a formed stainiess steel die, and then using a Hunter Lab model Ultrascan
XE spectrophotometer {(Hunter Associates Laboratory, Inc., Reston, Virginia USA), to measure
the color and brighiness of the pelletized TiO2 samples.

LDPE Tint Strepeth and Tint Tone: For these tests the pigment samples were blended
into a carbon black low density polyethylene plastic concentrate, manufactured by Chroma
Corporation, which contains Raven 1020 at 0.011% by weight, Dow MN711 LDPE at 20.00%
by weight, and Dow 640 LDPE at 79.98% by weight. This black color concentrate is
collectively known in the industry as Color No. CP83513. The test samples were prepared by
mixing 2.50 prams of 2 pigment with 55.0 grams of the black color concentrate and 0.27 grams
of U.S.P. Grade A zinc stearate powder over the course of six minutes at 100 rpm, in 2
Brabender mixer fitted with CAM blades and at a temperature of 100 degrees Celsius. When the
temperature of the Brabender mixer had equilibrated at 100° C, the pigment-containing test
sample was poured into the loading chufe of the mixer. A 5 kilogram ram was then put into

place in the loading chute according to the manufacturer’s directions and the mixer was tumed
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on. OUnce the baich had fused {approximately two minufes) the loading chute and ram assembly
were removed and a weighted containment armn was put into place for the duration of the mixing,
The resulting blended plastic mass was then compression molded into a plague according fo
ASTM D5224, and the tint strength and tint fone values determined by comparing the CIE L*
and b* valuss on a MacBeth model 7000A spectrophotometer using & D65 illwpinant, 10°
observer angle, and specular reflectance included.

LDPE High Load Eguilibriwm Torgue: The inventive and control pigment samples (at 75
parts per hundred by weight) were each blended with 4012 grade low density polyethylene from
The Dow Chemical Company, Midland, Michigan (at 25 parts per hundred by. weight), at 100
degrees Celsius and a mixing speed of 100 rpm, using CAM blades in a2 Brabender mixer, to
vield a 75% TiO2 masterbatch concentrate in LDPE. The torgue profile associated with the
formation of the masterbatch concentirate was determined for each sample, to establish for each
the high load equilibrinm torgue reported in Table 1 below.

Screen Pack: The sersen pack value and extruder backpressure (EB in Table 1 below, in
MPa) were determined using three screens — two 40 mesh stainless steel screens with a 500 mesh
stainless steel screen bstween — in conjunction with a torque rheometer {in this case, a Brabender
PL-2000 Plasti-corder) which has been equipped with a single screw extruder sttachment and
horizental rod die, to determine the amount of residue lefi on the screen pack assembly and thus
how well the TiOZ2 samples were dispersed in the masterbatch.

More particularly, for the screen pack value in accordance with ASTM D62635, each of
the two 40 mesh {US), 2.8 cm (1.125 inch) diameter screens and the 500 mesh (US), 2.8 cm
{1.125 inch) diameter screen were pre-dried in 2 muffle fornace at 700° C for ten minutes. Upon

removal from the muffle furnace, the screens were placed in a desiceator until they reached
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ambient temperature (23°C) and the 500 mesh screen was then weighed (the “before” weight),

The screen pack was then placed between the single sorew extruder and the die. The
screen pack consisted of a spacer ring next to the nose of the screw, one of the 40 mesh screens,
followed by the 500 mesh screen, foilowed by the remaining 40 mesh screen and finally a
breaker plate.

A 500 ppm mixture of Iréano‘x B-900 antioxidant (manufactwred by Ciba Specialty
Chemicals, Basel, Switzeriand) in low density paiye‘thylcm.was made by blending 1000.0 grams
of Dow 4012 LDPE resin (The Dow Chemical Company, Midland, Michigan) and 0.05 grams of
Irganox B-600. The samples tested each consisted of 36.8 grams of the Irganox B-900/Dow
4012 blend and 110.5 grams of a pigment sample which were thoroughly biended. The samples
were fused in a érabender mixer, then cooled and granulated. The screw speed on the extruder
was set to 75 rpm.

One hundred grams of each granulated sample were added to the extruder feed hopper
and allowed fo completely extrude through the screen pack and die. The extruder was then
purged with 200 grams of virgin Dow 4012 LDPE resin. When the exiruder was completely
emptied the screen pack assembly was removed from the extruder attachment and placed in a
700°C muffle furnace for ten minutes. The screens were allowed to cool in a desiceator and the
500 mesh screen was weighed. This weight was the “after” weight. The screen pack residue, in
parts per million, is calculated as follows:

( [“after” weight — “before™ weight] / 75 g Ti02) x 1,000,000

PVC Fusion Torque: To examine the effect of the ethylene glycol disster surface

treatments on the processability of the base titanium dioxide pigment, the samples described

above were combined with polyvinyl chloride in a blender using rollerblades at 60 rpm and at

Y
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180 degrees Celsius, and the fusion torgue and time of the samples determined according to

ASTM D2538, together with the gelation time (in milligrams/minute).

PVC Dynamic Thermal Stability: Pigmented PVC compositions were prepared in the

same blender (as the PVC Fusion Torque tests) but at 100 rpm and 205 degrees Celsius.

Representative samples were pulled from the Brabender mixer svery two minutes vntil the BVC

matrix degraded. The L* and b* values were read on the pulled samples, and the results are

showr as a function of processing time in Figures | and 2.

Results of the various other tests (other than dynamic thermal stability) are found in

Table 1 as follows:

TABLE 1 ~ ATTRIBUTES OF INVENTIVE SURFACE-TREATED TiO2

Example Surface T8 T Bry Dryb* | Torque | EB PPM | Fusion Gel
Treatments L Time Time
{seconds) | (mg/m)

Comp 1 03% TMP | 1024 |-54 | 980 | 1.48 1496 5.9 (858 psi) [ 143 .50 3827

1 03% TMP, | 1043 | .55 1977 122 1493 59(859psiy | 95 0:3¢ 3502
0.3% 803

2 3% TMP, | 1009 56 1978 | 134 1482 5.1(744 pst) | 47 0:38 3665
0.6% 803

3 0.3% TMP, | 583 | -5.5 91T ) 1.23 1547 S3(70psty |73 0:34 2446
0.3% 804

4 . 0.3% ThP, | 102.1 | -5.5 g7.2 0.93 1531 5.2 77 :34 3165
0.6% 804

As will be apparent from an examination of the tabulated values above and from Figures

1 and 2, the inventive surface ireated pigments indeed provide both geod processing and optical
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-5.597.20.93 1531 5.2 77 0:34 3165 As will be apparent from an
examination of the tabulated values above and from Figures 1 and 2, the
inventive surface treated pigments indeed provide both good processin
Vvég‘%%y XA WO 2008/060386PCUUS2007/022255 performdickiizPe3 s
and in PVC.  Those skilled in the art may readily conceive of still other
alterations to, variations of and equivalents to the specific embodiments of
the invention described herein but which should properly be considered as

within the scope of our inventive contributions, as claimed.
performeance in LDPE and in PVC.
Those skilled in the art may readily conceive of still other alterations to, variations of and
equivalents to the specific embodiments of the invention described herein but which should

prope:ly be considered as within the scope of our inventive coniributions, as claimed.



WHAT IS CLAIMED IS: An inorganic oxide pigment having deposited on
its surface at least one ethylene glycol ester, diester, the diester having
the formula ROC(OCH2CH2)"OCOR, where n is a real number from two
to fourteen and R is a straight-chain or branched-chain alkyl group
containing at least two up to fifteen carbon atoms. The surface treated
vnesganie oxidepigment as defined in Claim 1, wherein the ethylene
glycol esters and/or diesters collectively comprise from 0.0 | to 1 weight
percent, based on the pigment. The surface treated inorganic oxide
1pigment as defined i Claim 2, having deposited on fts surface oneor -
more of thethylane Glycorti-s ethyiiexdate fetraethiviBRE glytolcast one ethviene
a2 eihvineseats. anapolietians AIYech A RllIYeXOBIe: The PHIRAE where
treated inorganic oxide pigment as defined in Claim I, wherein the
inorganica exideupigmentistitanism-dioxigde pigment., %iﬁ%ﬁg‘t&r@@%’&ed—cham
composition comprised of 10 percent or more by weight of titanium dioxide
pigmeit bg definedimiQlainasd and 10 pareent-arsmarehy. weight of an
olefinic homopolymer or copolymer. 6. A polyvinyl chloride or chlorinated
“polyviriyl ehferideredemposition comprising polyvinydfchidride drichlorinatedn e
polyvinyl chloride and 0.1 or more parts by weight of a titanium dioxide
pigmBAt & d&HHYdSHEIARN Y, pirerechlfrabedpartebye isight-6f the | weight
polyvigxl Ch'&ﬁg& or chlarinated polyvinyl chloride. 7. A masterbatch

el O e Drament, . . .
composition comprlsedio“f]f[ﬁ1 percent or more by weight of an inorganic

3 OXIdelRégmegﬁqu%%g Itnn IE!%HQ L!aagxmldlmaqunjé% Qleﬂ:rggﬁlgb%rlm ‘HaenQyEYVi%lgigtu? eposited
an olefinic homopolymer or copolymer. =

on its surface one or more of tricthylene glycol di-2-ethyihexoate, tetraethylene glycol
di-2-ethylhexoate and polyethylene glycol di-2-ethylhexoate.
4. The surface treated inorganic oxide pigment as defined in Claim 1, wherein the

k3

inorganic oxide pigment is titanium dioxide pigment.

5. A masterbatch composition comprised of 10 percent or more by weight of
titantum dioxide pigment as defined in Claim 4 and 10 percent or more by weight

of an olefinic homopolymer or copoiymer.
6. A polyvinyl chioride or chlorinated polyvinyl chioride composition comprising
polyvinyl chloride or chiorinated polyvinyt chloride and 0.1 or more parts by weight of a

titanium dioxide pigment as defined in Claim 4, per one hundred parts by



8. A polyvinyl chloride or chlorinated polyvinyl chloride composition
comprising polyvinyl chloride or chlorinated polyvinyl chloride and or more
parts by weight of an inorganic oxide pigment according to Claim I, per

one hundred parts by weight of the polyvinyl chloride or chlorinated

polyvinyl chloride. 9.The surface treated inorganic oxide pigment as
definedving@laiith¢, feisthiey chimpdisingitiimethy phprapanadepasited on the
surface. _

7. A masterbatch composition comprised of 10 percent or more by weight of an
inorganic oxide pigment according to Claim 1 and 10 percent or more by weight of an
olefinic homopolymer or copolymer.

8. A polyvinyl chleride or chlorinated polyvinyl chloride composition comprising
polyvinyl chloride or chlorinated polyviny] ehloride and 0.1 or more parts by weight
of an inorganic oxide pigment according to Claim 1, per one hundred parts by weight
of the polyvinyl chloride or ¢chiorinated polyvinyt chioride.

9. The surface treated inorganic oxide pigment as defined in Claim 1, further comprising

_ trimethylolpropane deposited on the surface,



