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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.
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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-



The process of the present invention involves m xing and shearing a pol yner
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fed to an extruder and forced through a die to produce pellets. 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 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 exiruder, a twin screw extruder, a planetary extruder or any combination

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

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
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
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 peliet. 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
mill. The individual polymer additives may be pre-blended and fed as a blend to the
peliet 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’

30 590 8.4 0.3
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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 particles 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.
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prepared fromthe raw powder additives in |sopar E (ExxonMbil Chemcal) in
the ratios in Table 2. The materials were mixed in a 600 nL beaker at

20- degrees Cel sius for 60 minutes using a magnetic stirring bar turning at
300 revolutions per mnute. After 60 mnutes the m xture was renoved and
poured t hifanigh: &ievednatysh of iLiswis, Additiecepnieptiiated PEEretRs) ra® Ra%opar E and
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concentrates 12Reci be 1 1REcipe|2 24 12 3.3
200 74 6.5 24.7 46 .
Pan 1.7 5.5 2.4
5 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)
10 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
15 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 product.



Reci pe 3 Recipe 4 Parts Irganox 1076 9.5

Parts Irgafos 168

37.9 37.9 Parts

| sosar

9.5 Parts Irganox 1010 7.6 7.6

E

Table 2: Recipe and 100 mesh retain for additive concentrates

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 490.5 492.4 462.1 445
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

5 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

10  had dimensions of 1/8” diameter x 5/16" iength. 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%

15 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% lrganox 1076, 13.8% Irganox

20 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

25 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



490.5 492.4 462.1 445 Grans retai ned on 100 nesh screen 0 3.0 10.0 14.5

Percent retained on 100 nesh screen 0 39.5 26.4 26.4 5 Exanple 2 A
pol ymer additive blend consisting of 17.2% 1| rganox 1076, 13.8% | rganox 1010
and 69.0% | rgafos 168 was prepared on a |lab scale California Pellet MII. A

die with 1/8" dianeter holes and a plate thickness of 3/8" was used. The
pel | et s f 00teednd B7 Bagtanhs méregiatoss1ast  Thasretain pfethisrmixtusy o2 f&hFiesh 55 parts
of the pe Kﬁ%@g W tRuid4entPR tsepfofl §RPBEIyRet Qoatieatie @el i quid
additive %é gécrznvygat%egmg tE\t%/as C?;II‘I‘I ed out undgr yt he sane_conditions as
i n Exanpl eorkcen®&egr Ahis wfpréﬁ@mse@sS'@@fﬂqaé*sﬁBWQSG"f‘@‘tgo‘F?rgmﬁr’r%“ of P §anox 1076,
7.6 grans 0L 437 9grams of Irgafos 168. The retain of this
m xture oﬁ&%nﬁ%gmﬁe screeen was 2.5 grans - equivalent to 4.5% 15 of the
pol yner additive in the concentrate. This represents a significant

i nprovenent over the 14.5 grans retained in Exanple 1, recipe 4.

- 10 -



Exanple 3 A polyner additive blend consisting of 17.2% | rganox 1076, 13.8%
I rganox 20 1010 and 69.0% I rgafos 168 was prepared on 25 nm ZSK co-rotati ng
twin screw extruder (Coperion Corporation). The extruder was run with
barrel tenperatures set at 55-degrees Celsius at a screw speed of 200 RPM
usi ng a high-shear screw configuration. The tenperature of the m xture at
the exit dfLAIMS:extruder was 70- degrees Cel sius. These processing
conditions result in the nelting of the Irganox 25 1076 and cause
significant shearing and attrition of the Ir%afos 168 and | rganox 1010
particl es.! TheApesthed Br PEINFERY AAEUIdi RBFRETEIesO! rolyIeg adgitiyife CRTPHSINY 2"

|l ength. 53hpakpsoef the pellets were m xed with 445 parts of Isopar E to
create a liquid additive concentrate. M xing was carried out under the sane
conditions as fh BEXeEfN%a 91y Biendy RRYMEF agriives througly aneeidiias Sp 133k grams of
| rganox 1076, 7.6 gs308n&bf the ganmes iskiddikdaondoffehed daFiagBxtalsionl gaf os 168. The
retain of this mxture on a 100 nmesh screen was 0.8 grans - equivalent to
1.5% of the polynmer additive in the concentrate. This represents a

signi ficant i nfijoveoreint taaigend theoubl aTligoansducepaileigdandy Exanpl e 1, reci pe
4. CLAIMS: 1 .A nmethod for preparing a |iquid concentrate of polyner
additives, conprising the steps of: (i) feeding a dry blend of pol yner

addi tives thro(igh aispersingutie pellesnintaHmtidasbiveelds prainee edid titkéd addliMel ves i s

mel ted or softened(gH&;m_&gxtrusion; (ii) forcing the blend through a die
to produce pellets; "and (I11i) dispersing the pellets in a liquid solvent to
produce said liquid additive concentrate. 2. A nethod of preparing a liquid
concentratge of it _ 5 RE ~abdnkiciheedi ng a
ry bl end 51 _poly par e o/at bl S DR b SR Bs cpmhshCi ng ¢ he
conpact ed theletieps 0fe bl end through a die to produce pellets; and (iii)

di spersing the pellets in a liquid solvent to produce said liquid additive

concentrate. 3. A nmethod of preparing a liquid concentrate according to
clai m 1 orli)cl afesflipg a dry blend of polymer additives through a compaction mill;

(i) forcing the compacted additive blend through a die to produce pellets; and

(i)  dispersing the pellets in a liquid solvent to produce said liquid additive

concentrate.

3. A method of preparing a liquid concentrate according to claim 1 or claim 2,
wherein said polymer additives comprise one or more of an organic phosphite, a
phenol, a metal stearate, a hindered amine, zinc oxide, hydrotalcite, a
benzophenone, a benzotriazole, talc, calcium carbonate, aluminosilicate, an amide

and an amine.

4. A method of preparing a liquid concentrate according to any one of claims 1
to 3, wherein said solvent is selected from aliphatic hydrocarbons, aromatic

hydrocarbons or mixtures thereof.

5. A method according to claim 4, wherein said additives comprise an organic

phosphite selected from the group consisting of tris-(2,4-di-t-butylphenyl)phosphite,

- 11 -



wherein said polynmer additives conprise one or nore of an organic
phosphite, a phenol, a netal stearate, a hindered am ne, zinc oxide,
hydrotal cite, a benzophenone, a benzotriazole, talc, calciumcarbonate,
alum nosilicate, an am de and an am ne. 4. A rrethod of preparing a liquid
concentrate according to any one of clains o 3, wherein said solvent is

sel ected fipiERSE: f“ﬁ’h%%‘%@’tﬁ”&i'&{éﬂtib?f?nwhf’fdnﬁt’lp@pmﬁﬂh%@r b6 k346 xt ur es
t her eof . Ebum;mhﬂl Bl h%n&pﬁ&pﬁuk@bm 44. d\!&l@&rﬁwhe?@! fée%QMﬂrMﬁfS conpri se

an organic hOS ected fromthe group consisting o

tris-(2,4- hosplpigs Wralﬁé(g)ﬂl § ﬁﬁég’ﬁ’rﬁ‘ﬁf‘@ ) 4,4"-biphenylene dlphosphomte 2,4,6 tri-t-
tet raki s( Dudyighientiex Butp atelyp h 8mydpdnd dlot bhdgpﬂmé/ B]stébr% peftaydyBiriggphosphoni t e,

(2 avdi 1 d%w%%eﬁgﬁfnfxﬂéﬁ%a@é&esh ¥t Gy e, °

tetrakis(2,4-di-t- butylphenyl) , 4' blphenylene dlphosphonite 2,4,6
tri-tbutyl heny | 2.ethy| .1,3 pane hite stearyl
pent aer yt hr| t ol “di %%OEdéng t{)%laér? ﬁo‘ﬁ@?rﬁﬂéﬁ‘%3";‘3&6%%%‘?’?‘@'38ﬁ0‘5hFP?'| auryl
trithio pkm@ptwm@m thégrduprmhhstmgauﬁpemtelnyttgntdl etakiai(B(A5- dmﬂomnmzzn sai d

ddi
pent er yt i oo RoTheblsMe, BB C o AR A RIR SARIOEINARE onat e)
oct adecy| 133 543(3 §1de16ﬁ)bmrﬁy‘wd¢bxmaﬂlmky ﬁﬁdﬁl@l}ﬂ&‘rﬂdtﬁi@&h 5h) trlone
1,3,5-tri s](§5 %’m%th)%%rt{G lﬁé’(t&%l d|48rbx\%llgéfgb{%‘?%¥%%zu}l t?en%err\er '2662-5 Q—%u%ﬂ-é—’ 6(1h, 3h, 5h

)-trione
1,3,5-tri ARy 1-20ia36-qdiiter{-Buts-4thydrenhydacipnary hydredrgHeh 24nd(J ek zene,

, 6-di-t- QMWb Glo® 9|6Ld thyl b 1)-1,3,5-t 2.4,6-(1p,3h,5n)-t 2,2'-
bi s( y ?eroty? 'me yheng%%(yhdel%zérl]enna (I Srézqoﬂ%

2-

'3, 5- tr| ﬁt@hggﬁbﬁmsﬁldlgerhwylgs&no@ AR Atk dlmethylethyl) -4-hydroxy-
enzyl ) - 119082 1-bhahdtylestd. 6- (1h, 3h, Sh)-trione, 2,2'- ethelidenebis
(4,6-di-tert-butyl phenol), and

3, 5-bis(1, 1-di net hyl et hyl ) - 4- hydr oxyt hi odi - 2, 1- et hanedi yl ester. 7. A

lj' qui d golrrcent rat mfm c@@éaﬁﬂatrel @ﬁ@bfym\éﬁgadkjmvé’s 5912V 8Blenthduiing # H‘grgh

i per sabi ine particle distribution arison wth

concent ratd@ﬁggga?@df'r@ypat%e ESVBEYO%*&Vd?W&%'S%@/W%i NCEAYRTES PEP S sai d

sol vent, wiyeime @r@padjcﬂﬁbrbryf shideadari b0 wid Soengdedfpradapdd by Betntetiftod 8. A
l'iquid conggntratg Pa gg (%lger additives in a hydrocarbon solvent having a
hi gh di sper TS (E)? g £9 fe particle distribution, by conparison with a
concentrated prepared by the direct addition of said additives to said
hydrocar bgn sol epar i.n tothe h f.claim4. 9.
Aliquid %oncen%(?g%”g C%ge%trg{enﬁiogﬁﬁ?% ﬁ(\gl)é\gesl n ayﬁroﬁarb R’%ntq‘c?lvmgrﬁ

accor di ng high disrrsab8ity whtéﬁrm narttdssiiSttrimJnorS%ySQﬂmmhssm mttn @t @innedraten sai d

| iquid cong Jiquid
concent 1 abrafechy eutebt SEAEH bRt el Bes Koo RS ERT sondl il o o
claim9, maéﬁdrﬁqce@@gtthm 0ethog sigtlaialst.ar e ret ai ned when said |iquid
concentrate is filtered through a 100 nesh screen.
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1
1
b

9. A liquid concentrate of polymer additives in a hydrocarbon solvent according
to claim 8, wherein less than 5% solids are retained when said liquid concentrate is

filtered through a 100 mesh screen.
10. A liquid concentrate of polymer additives in a hydrocarbon solvent according

to claim 9, wherein less than 0.5% solids are retained when said liquid concentrate is
filtered through a 100 mesh screen.
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