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20 particle sizes of the undissolved additives. Conventional additives and
additive blends will forma slurry containing many |arge size particles.
These particles can settle out of the slurry, collect in dead zones of the
process and transport equi pnent, foul filters and cause defects in the
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blends will form a slurry containing many large size particles. These particles can

settle out of the slurry, collect in dead zones of the process and transport equipment,

foul filters and cause defects in the finished product

25 SUMMARY OF THE INVENTION

It is a principal object of the present invention to provide liquid
concentrates containing polymer additives in the form a very fine dispersion. As

a result, additive blends according to the invention dissolve substantially

30 completely in solution or slurry phase polymerization media, avoiding the

aforementioned problems with conventional additives and additive blends.



Phosphites that can be used in the present invention include, but are not
limted to, tris-(2,4-di-t-butyl phenyl)phosphite,
tetrakis(2,4-di-tert-butyl phenyl)[1,1- biphenyl)-4,4" -diylbisphosphonite,
bis (2,4-di-t-butyl phenyl) pentaerythritol diphosphite, bis
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Liquid carriers used in the present invention are aliphatic or aromatic
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DETAILED DESCRIPTION AND EXAMPLES

The liquid additive concentrates useful in the invention are prepared by mixing

and shearing powder or granular additives to a fine dispersion and composing them

25 into a liquid concentrate for feeding to a solution or slurry phase polymerization
process. The liquid polymer concentrates of the present invention include a

phosphite and/or a phenol and/or one or more other polymer additives.

Phosphites that can be used in the present invention include, but are not
limited to, tris-(2,4-di-t-butylphenyl)phosphite, tetrakis(2,4-di-tert-butylphenyl)[1,1-
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The first step in this process is feeding the polyner additives to said
pellet 25 mlIl. The individual polynmer additives nmay be pre-blended and fed
as a blend to the pellet mll or they nay be netered i ndependently.

Pre-bl ending may be acconplished by wei ghing corrponents and bl endi ng them
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The first step in this process is feeding the polymer additives to said extruder.

20 The individual polymer additives may be pre-blended and fed as a blend to the
extruder or they may be metered independently. Pre-blending may be accomplished

by weighing components and blending them together. Blending may be
accomplished by any means known in the art, including, but not limited to hand
mixing, tumble blending, ribbon blending, low-intensity and high-intensity mixing.

25 Metering additives independently can be accomplished volumetrically or loss-in-

weight by any means known in the art.

The polymer additives or additive blend can be flood fed or starve fed to an
extruder. The extruder may be of any type, including, but not limited to, a single
screw extruder, a twin screw extruder, a planetary extruder or any combination

30 thereof. Said extruder performs the function of shearing and mixing the additive or



1010 Retain on Irqafos 168 Sieve Irganox 1076 (Mesh) 20 840 1.6 0.1
1.3 30 590 8.4 0.3 0.7

additive blend and melting or softening at least one component of the additive blend.
The remaining unmelted particles are subjected to shear and or heat and are finely

dispersed in the softened or melted additive.

Downstream of the extruder the polymer additive blend is formed into pellets.

5  This may be accomplished by any method known in the art. Typically the additive
blend is forced through a die. The strand may be cut directly at the die face or the
strand can be pulled and cooled and then cut into pellets. Alternatively the additive
blend can be transferred from the extruder die to a rotoformer to be formed into
pellets. This is especially beneficial in cases where the additive blend forms a low

10 viscosity mixture.

The pellets are then blended with a hydrocarbon liquid carrier used in the
solution or slurry phase polymerization process to form a concentrate. The pellets
may be blended with the liquid by any means known in the art. The liquid
concentrate formed is characterized by high dispersability in a polymer slurry and a

15 fine particle dispersion. The liquid concentrate will show less than 5% retain when
filtered through a 100 mesh screen, preferably less than 1% retain on a 100 mesh

screen and more preferably less than 0.5% retain on a 100 mesh screen.

In a second embodiment of the invention a polymer additive blend consisting

of a phosphite and/or a phenol and optionally one or more other polymer additives

20 are fed to a compaction mill and forced through a die to produce pellets. During
compaction the polymer additives are subjected to shear and pressure forces which
cause attrition of the particles even as they are compacted into a pellet. Said pellets

are then mixed with a liquid solvent to form a liquid additive concentrate.

The first step in this process is feeding the polymer additives to said pellet

25 mill. The individual polymer additives may be pre-blended and fed as a blend to the
pellet mill or they may be metered independently.  Pre-blending may be
accomplished by weighing components and blending them together. Blending may

be accomplished by any means known in the art, including, but not limited to hand
mixing, tumble blending, ribbon blending, and high-intensity mixing. Metering
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additives independently can be accomplished volumetrically or loss-in-weight by any

means known in the art.

The polymer additives or additive blend are then fed to a pellet mill. The

pellet mill may be of any type known to those in the art. Manufacturers of such types

5  of mills include California Pellet Mill (Crawfordsville, IN), Bliss Industries (Ponca City,
Oklahoma) and Kahl (Germany). Said pellet mill forms a pellet by forcing the
additive blend through a rotating cylindrical die using a roller. Shear between the
roller and die and between the material and die and die holes can cause attrition of

the granular or powder additives as they are being compacted into a pellet. The

10 pellets formed are considerably larger than the patrticles of the granular or powder
additives. However, when blended with a liquid they give a finer dispersion than

would the powder additives.

The pellets are blended with a liquid used in the solution or slurry phase
polymerization process to form a concentrate. The pellets may be blended with the

15 liquid by any means known in the art. The liquid concentrate formed is characterized
by a high dispersability in a polymer slurry and a fine particle dispersion. The liquid
concentrate will show less than 5% retain when filtered through a 100 mesh screen,
preferably less than 1% retain on a 100 mesh screen and more preferably less than

0.5% retain on a 100 mesh screen.

20 Example 1

A sieve analysis was done on Irganox 1076, Irganox 1010 and Irgafos 168
(Ciba Specialty Chemicals) according to ASTM D1921-89. The percent retain on
each sieve is recorded in Table 1. The data shows that the powder additives include

25  a significant number of particles greater than 149 microns.



33.3 200 74 6.5 24.7 46 Pan

concentrates were prepared fromthe raw powder additives in |sopar
( ExxonMbbi |

Chem cal )

1.7 5.5 2.4 5Next,

four liquid

additive
E

inthe ratios in Table 2. The materials were m xed in

a 600 nL beaker at 20-degrees Celsius for 60 minutes using a magnetic

stirring Paabﬁeiuéi’éb@% 88@%91_ 148 MOA 4t o&%ﬁtré‘i‘e@lﬁ@par@é frBh ©fy M nutes the
m xture r;@ oure t hroug sieve, rinsed with cold
(00 10 Isopar ana dri ed The addi t| ve retained on the screen was wei ghed
and the percentage of gl addjtive retained was calculated.” The results are
found in Taghl&sze [ThepgR®ly t S| show t hatcht geadim opfsidvide | rgan x 1076,
3. 0grams [of the Trjganox 1010, | 1Grgpnars DT the [rgafos 168 and 14. 5grans of
the bl end wau&nhyet|ai padr&iz)t he 10010esh| sgaernesTheérdanganoxs 1076 di ssol ved
conpl etelly.” The resul tggaghow that 1@ sighifigant 15 anmount of [Irganox 1010
and | rgaflos Hp8 particClkgg greptergithan 149 gixrons wergzpresent in the
liquid concenfgrate. Thegg parficles woul d cguse signifpgant processing
difficultiresdgma corm%gl al sol U4 pN of SIzg Yy polynmerd zati on process
i ncl udi ng—setpiin 19971y jd §CUiNg 35 gead|zongy #f The process and
causi ng dLefc g o Lllelbglll shed—prgduct Tghre 2] Recispg and 100 nesh
retain fo oujUbLl \Y LUH},‘FIILI ares ¢¢ 547 4é

Pan 1.7 55 2.4

10

15

Next, four liquid additive concentrates were prepared from the raw powder

additives in Isopar E (ExxonMobil Chemical) in the ratios in Table 2. The materials

were mixed in a 600 mL beaker at 20-degrees Celsius for 60 minutes using a

magnetic stirring bar turning at 300 revolutions per minute. After 60 minutes the

mixture was removed and poured through a 100 mesh sieve, rinsed with cold (0°C)

Isopar E and dried. The additive retained on the screen was weighed and the

percentage of the additive retained was calculated. The results are found in Table 2.

The results show that 0 grams of the Irganox 1076, 3.0grams of the Irganox 1010, 10

grams of the Irgafos 168 and 14.5grams of the blend were retained on the 100 mesh

screen. The Irganox 1076 dissolved completely. The results show that a significant

amount of Irganox 1010 and Irgafos 168 particles greater than 149 microns were

present in the liquid concentrate. These particles would cause significant processing

difficulties in a commercial solution or slurry polymerization process including settling

out during, collecting in dead zones of the process and causing defects in the

finished prod

uct.
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Table 2: Recipe and 100 mesh retain for additive concentrates

3 Recipe 4 9.5 Parts Irganox 1076

Recipe
Recipe 1 | Recipe 2 | Recipe 3 4

Parts Irganox 1076 9.5 9.5
Parts Irganox 1010 7.6 7.6
Parts Irgafos 168 37.9 37.9
Parts Isopar E 450.5 492.4 462.1 445
Grams retained on 100 mesh
screen 0 3.0 10.0 14.5
Percent retained on 100 mesh
screen 0 39.5 26.4 26.4
Example 2

A polymer additive blend consisting of 17.2% Irganox 1076, 13.8% Irganox
1010 and 69.0% Irgafos 168 was prepared on a lab scale California Pellet Mill. A die
with 1/8” diameter holes and a plate thickness of 3/8” was used. The pellets formed
had dimensions of 1/8” diameter x 5/16” length. 55 parts of the pellets were mixed
with 445 parts of Isopar E to create a liquid additive concentrate. Mixing was carried
out under the same conditions as in Example 1. 55 grams of pellets corresponds to
9.5 grams of Irganox 1076, 7.6 grams of Irganox 1010 and 37.9grams of Irgafos 168.
The retain of this mixture on a 100 mesh screen was 2.5 grams — equivalent to 4.5%
of the polymer additive in the concentrate. This represents a significant

improvement over the 14.5 grams retained in Example 1, recipe 4.

Example 3

A polymer additive blend consisting of 17.2% Irganox 1076, 13.8% Irganox
1010 and 69.0% Irgafos 168 was prepared on 25 mm ZSK co-rotating twin screw
extruder (Coperion Corporation). The extruder was run with barrel temperatures set
at 55-degrees Celsius at a screw speed of 200 RPM using a high-shear screw
configuration. The temperature of the mixture at the exit of the extruder was 70-
degrees Celsius. These processing conditions result in the melting of the Irganox
1076 and cause significant shearing and attrition of the Irgafos 168 and Irganox 1010
particles. The pellets formed had dimensions of 1/8” diameter x 1/2" length. 55
parts of the pellets were mixed with 445 parts of Isopar E to create a liquid additive
concentrate. Mixing was carried out under the same conditions as in Example 1. 55

grams of pellets corresponds to 9.5 grams of Irganox 1076, 7.6 grams of Irganox

-9.

Parts



379 37.9 Parts |Isopar E 490.5 492.4 462.1 445 G ans retai ned on 100 nesh
screen 0 3.0 10.0 14.5 Percent retai ned on 100 nesh screen 0 39.5 26.4 26.4

1010 and 37.9 grams of Irgafos 168. The retain of this mixture on a 100 mesh
screen was 0.8 grams — equivalent to 1.5% of the polymer additive in the

concentrate. This represents a significant improvement over the 14.5 grams

retained in Example 1, recipe 4.
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5 Exanple 2 A pol yner additive blend consisting of 17.2% Irganox
1076, 13.8% Irganox 1010 and 69.0% Irgafos 168 was prepared on a |l ab scale
California Pellet MII. A die with 1/8" dianeter holes and a plate

t hi ckness of 3/8" was used. The pellets forned 10 had di nensi ons of 1/8"

di anet eClaim8§/ 16" | ength. 55 parts of the pellets were m xed with 445 parts
of Isopar Eto create a liquid additive concentrate. M xing was carried out
under the sane conditions as in Exanple 1. 55 grans of pellets corresponds

to 9.5 gr awsAmethécgwa%pbaﬁéa liGuidl &rBRtralé of bglgmexaa&ﬂ@saaédaﬁo%%w&t of
Irgafos 168. The retain of this mxture on a screen was 2.5 grans

- equi VRl HTY RTGCesSIo MBI "t"?ﬁ’@sﬁ%q' {asiduabspids fayel cANTiIHno b NeHErPRPle. This

represents aisp@nidingsand IB@ﬁ@\tﬂ"ﬁdr}m&VQHdnﬂm 3Ad 2eBERRg Hd dlemadby Mhe
Example 1 ?(e)(szlb S o A pol yner additive bl end consisti ngy of 17.2%

Irganoxa%‘?%t'or‘l‘ﬁt'@fﬂpmﬁ%caiﬁni@lo and 69.0% I rgaf os 168 was prepared on

25 nm ZSK coil ffréhd tHe BlédetthﬂVé Gisttd PERIUCE PORAS; HEr&R IR pallct ik at TdHt
ext ruder was run w th barrel terrperatures set at 55-degrees Celsius at a

screw sHBMFNIP demretendalierst 2/ 1RiRE B fRNGth S8Few confi guration. The

tenperature @f) Hi8gergingt tHee p@ﬂeté hig axiidui@fsdivept et prodate Vesd Quidd @aHiBes
Cel sius. These processi ng conditions result in the nelting of the |rganox

25 10760%‘?8”%6%0‘@'(‘@@5 Cdrtentigr Hreva) 2heP Mesh Sefe8R of the Irgafos 168 and

| rganox 1010wpardin shig@Spolyhies daaltives sohsitreedirdesbendtsbodtsoRbinid/ ghosghi@ret er
x 1/2" length. 55 parts of the pellets were mxed with 445 parts of Iso ar

E to craxtaphengl dd("éaﬁlﬁﬁ?t\fg%r@@ﬁPé(@@ta'%ex?r%"ﬁ%‘e@ﬁf‘?|%Eerdﬁ9ﬁr'al§ﬁ@er t he

sane cop@ taleim @sbdriatd ehmhssiloatd anHnAB® aRd aRigd.s corresponds to 9.5
grans of Irganox 1076, 7.6 grans of |rganox 1010 and 37.9 grans of Irgafos

168. The retain of this m xture on a 100 nmesh screen was 0.8 grans -

equi val 2nt tpnel.rRéhed dfheiame! o Mwherfidithd \ébphéhtbheop(ﬂﬁ&%hfe%h@mcé[ héﬁergy
represents a si gn| ficant |nmprovenment over the 14.5 grans retai ned

Exanpl cCOMPSg feRAing 3 cry kiand: of PONTHR FNEINET (hSPedihAn irfirace a‘Bu”&Ptc?ér'ﬁﬁ?ﬁt rate

of pol Yoy ofafél bédi¥Res iPmaet b0scltehed Waig Sltruslonl 'y process to m nim ze
undesired residual solids |evel, conS|st|ng of the steps of: (i)

providing a dry blend of polyner additives and densifying the blend by the

applicagi on Afmbinesnar A al lih t?rcheentrate accorﬁin ) tof 8aFh 29 WhReil! Sdidl
through a die to prodzi?gB 9Icets wherein the gts are at least 1/8 inch

i n di an¥@ant griglegted fé%rgta"@)ai'e hygosarbens cHgnatic qujocarbons ormixiuresihgrssf-si ng
the pellets in a |liquid sol vent to produce said liquid additive concentrate
show ng < 5.0%retention through a 100 nmesh screen, Wherein said

pol yner4-addi fi Petodoassasgingsto (’\a)’“ b Whgesin sl @ddiives rgatirise pibsPaRe, and

a phenobhosphite éélééte@?roh%étgr&jp ééd%qfstlﬁé'odﬁls @Yﬁﬂlqt@tﬁbﬁéyl)ﬁw&%ﬂﬁﬁmﬂqne a

benzotri azole, talc, calcium car bonate, alum nosilicate, an am

d
ami ne. $-tTvERhenMdREntAehEioh 1dirhpsahiien thie afFf-AtheuredPhsmybpPrtaRABEIRANI cal
€nergy diphosphite, tetrakis(2,4-di-t-butylphenyl) 4,4'-biphenylene diphosphonite, 2,4,6 tri-t-

butylphenyl 2 butyl 2 ethyl 1,3 propane diol phosphite, distearyl pentaerythritol diphosphite,
tris(nonylphenyl)phosphite and trilauryl trithio phosphate.

5. A method according to claim 3, wherein said additives comprise a phenol selected
from the group consisting of pentaerythritol tetrakis  (3-(3,5-di-t-butyl-4-
hydroxyphenol)propionate), octadecyl 3,5-Di-(tert)-butyl-4-hydroxyhydrocinnamate, 1,3,5-
tris(3,5-di-tert-butyl-4-hydroxybenzyl)-1,3,5-triazine-2,4,6(1h,3h,- 5h)-trione, 1,3,5-trimethyl-
2,4,6-tis(3,5-di-tert-butyl-4-hydroxybenzoyl)benzene, 2,6-di-t-butyl-p-cresol, 1,2-bis(3,5-di-
tert-butyl-4-hydroxyhydrocinnamyl)hydrazine, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethyl
benzyl)-1,3,5-triazine-2,4,6-(1h,3h,5h)-trione, 2,2'-ethelidenebis(4,6-di-tert-butylphenol), and
3,5-bis(1,1-dimethylethyl)-4-hydroxy-thiodi-2,1-ethanediylester.

-11 -



conprises feeding a dry blend of polynmer addictives through an extruder, so
that at | east one of the addictives is nelted or softened during extrusion.
3. A nethod of preparing a liquid concentrate according to claim2, wherein
said solvent is selected fromaliphatic hydrocarbons, aromatic hydrocarbons
or mxtures thereof. 4. A nethod according to claim3, wherein said
additives copprise an organi c phosphite selected fromthe group consisting
of tri 56_.( 2, 4{1& Mmethed ?PWQ'HS’I%%'@‘E@ tv@,erqu SS(aEi Addictives comprise an organic

di -t - busndsphied) ek &8 yighhictphbsHdMie stitraRis(2M-8i-tert-butylphenyl)[1,1-biphenyl]-
(2,4-di-t-cunyl phenyl ) pentaerythritol diphosphite,

tetraki@éﬂpﬂg%ﬁpﬁp & phenyl ) 4, 41- bi phenyl ene di phosphonite, 2, 4,6
tri-tbutyl phenyl 2 butyl 2 ethyl 1,3 propane diol phosphite, distearyl
pentaerythritol diphosphite, tris(nonyLﬁhenyl phosphite and trilauryl
trithi o -phospiaiethog ohckaim dowherelunaidlNg 1§ MdEreA aNiNher ei n sai d addi ti ves
conpri se a phenol sel ected

front hegr oupgonsi st i ngof entaerythritoltetrakis(3-{3,5-di-t-but | -4-

hydr oxy$pheno ')ep%'i‘%%F%grg'“Scpae@lf@/lt wherein the pellets are at least 1/8 inch in

3, 5- Di - dib@eter ahdibyleadt 173 tHeaXy Rwgthoci nnamate, tris(3,5-d i-tert-butyl-4-hyd
roxybenzyl)-1,3,5-triazi ne-2,4,6(1h,3h 5h)-trione, 1,3,5-tri

met hyl 2, 4,6-tis(3,5-di-tert-butyl -4-hydroxybenzoyl ) benzene,

2, 6- di -¢ .- but yhe PreficRB8¢cording to claim 1, wherein the liquid addictive concentrate shows
1,2-b|sf3 5-ditert-butyl-4- ydroxyhydr00|nnanyl)hydra2|ne, 1

,3,5-tr -§%4r-efeé‘rt'?’-‘ Bueyai 3169 aiesk ye'£eB- d i net hyl

benzyl)-1, 3,5-triazine-2, 4, 6-(1h, 3h,5h)-trione,

2,2' -ethelidenebis(4,6-di-tert-butyl phenol), and

3, 5-bis(1, 1-di net hyl et hyl ) - 4- hydr oxy-thi odi -2, 1- et hanedi yl ester. 6. The
nmet hod according to claim3, wherein said addictives conprise an organic
phosphi te, wherein the organi c phosphonite is
tetrakis(2,4-di-tert-butyl phenyl)[1, 1-bi phenyl]- 4, 4'diyl bi sphosphonite.

7. The nethod of claim1l1, wherein the amne is hindered amne. 8. The

nmet hod according to claim1l, wherein the pellets are at least 1/8 inch in
dianeter and at least 1/2 inch in length. 9. The nethod according to claim
1, wherein the liquid addictive concentrate shows 1.5%retention through a
100 nesh screen.
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