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Standard Test Method for Evaporation Loss of Lubricating Oils by the Noack Method).

[0005]  The properties of a particular grade of PAO are greatly dependent on the alpha-

olefin used to make that product. In general, the higher the carbon number of the alpha-
30 olefin, the lower the Noack volatility and the higher the pour point of the product.
Conversely, the lower the carbon number of the alpha-olefin, the higher the Noack volatility
and the lower the pour point of the product. For either olefin used, for automotive
applications, the desired low Noack volatility and the lower pour point are generally
conflicting goals for a PAO.
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,conditions in a reactor. Followng reaction, the mxture is subjected to
distillations to 10 renoved unreacted al pha-ol efins and diners of the

al pha-ol efins. The resulting product may be hydrogenated. The final product
contains at wWeEathohide fractions of polyal pha-ol efins ofpcaidshabbiaehynom nal
viscosities. [0008]In various enbodi ments, the feedstock may have the

foll ow ng aspects. The feedstock may contain at |east 25% decene. The
feedstock nay contain not nore than about 15 50% decene. The feedstock may
contain not nore than about 35% octene. The feedstock may contain not nore
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WO 2010/ 002485PCT/ US2009/ 038007 dodecene in the feedstock is at |east 30
wei ght % and may be not nore than 40 wei ght% i n one enbodi nent, and not
nore than about 45 weight% in yet another enbodi nent. [0018] Suitable
cat al ysts fyah22bh@@Reri zati on i nclude BF3, and the ol igan@®pécseisoen cat al yst
is preferably used with a conbination of cocatal ysts. A conbination of
cocatal ysts 5 has been determ ned to produce oligoners having nore desired
physi cal properties and product distributions. The conbi nati on of
cocatlysts includes one al cohol and at |east one al kyl acetate. Suitable
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range of about 4 to 12% weight loss, alternatively 5 to 8% wei ght |oss, as
determ ned by a nodified ASTM D5800 net hod. The 6 cSt PAO has a pour point
of about - 15 45 Cto -75 C, alternatidely -50 to -70 C, as determ ned by
ASTM D5950. The nodi fi ed ASTM D5800 net hod is an ASTM D5800 net hod with the
exception that thernoneter calibration is perfornmed annually, rather than
bi annual | y. 100241The hydrogenati on of the oligonerized a-ol efins may be
acconpl i shed usi ng conventional hydrogenati on nethodol ogy to reduce at

| east a portion of the residual 20 unsaturation which remains after the
oligonetization In this regard, typical hydrogenation catalysts such as
Pd Pt, Ni, etc can be utlllzed In the hydrogenatlon step, |t IS
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. [ 0025] A reference and exanpl es of PAGCs were prepared using different
feedstock 25 bl ends. Unl ess otherw se indicated, all exanples were prepared
by the follow ng method. The feedstock was oligonerized in two continuous
stirred-tagng foapfbaassS i N series at 22 C and 5 psi g usipogiSkidsesseh7BF3
pronot ed butanol -butyl acetate m xture. The nole ratio of butanol to butyl
acetate was 3 to |I. Residence tines in the primary and secondary reactors
were 1.4 hrs and 1 hr, respectively. A sanple was taken fromthe second
reactor when steady-state 30 condition was attained. A small anmount of the
sampl e was injected in a gas chromatograph (GC) to determne the yield. The
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acetates include C;-Cig alkyl acetates, preferably C;-Cs alkyl acetates including methyl

10  acetate, ethyl acetate, n-propyl acetate, n-butyl acetate, and the like. The cocatalysts complex

with the principal catalyst to form a coordination compound which is catalytically active.
The cocatalyst is used in an amount of from about 0.01 to about 10 weight percent, based on
the weight of the a-olefin feed, most preferably about 0.1 to 6 weight percent.
[0019]  The catalyst is introduced into the reactor simultaneously with any cocatalysts and
15  the olefin feed. It is preferred that the reaction zone contain an excess of catalyst, which is
governed by the pressure and partial pressure of the catalyst. In this regard, the catalyst is
maintained in the reaction zone at a pressure of about 2 to about 500 psig, preferably about 2
to 50 psig. Alternatively, the boron trifluoride can be sparged into the reaction mixture, along
with other known methods for introducing the catalyst to the reaction zone.
20 [0020]  Suitable temperatures for the reaction are also conventional and can vary from
about -20° C to about 90° C, with a range of about 15° to 70° C being preferred.
[0021] The oligomerization reaction may be conducted either by semi-batch mode in 2
single stirred tank reactor or by continuous operation in a series of stirred tank reactors.
Following oligomerization of the feed, the mixture is distilled in a first distillation step to
25  remove any unreacted monomers and some dimers. The feed is then subject to a second
distillation to remove remaining dimers. The resulting bottoms intermediate is then
hydrogenated to saturate the remaining trimers and higher oligomers. This hydrogenation
product is then distilled in 2 third distillation step. The bottoms product will have a viscosity
higher than the overhead product. With the mixed feed stock discussed above, the preferred
30  overhead product has a nominal viscosity of about 4 ¢St at 100° C. The overhead product
may also be combined with product from the second distillation step if an adjustment to the

viscosity is required. The overhead product will have a greater fraction of trimers than the
bottoms product.
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[0022]  From the mixed feed stream, using the synthesis-distillation process, the bottom
and overhead product split yield both a PAO having a nominal viscosity at 100° C of 4 ¢St
and a PAO having a nominal viscosity at 100° C of 6 cSt. Further references to the different
PAOs shall be shorthanded to their nominal viscosity value at 100° C. In one embodiment,
5  the yield is at least 45% of 4cSt PAO and not greater than 55% of 6 cSt PAO. In anothér
embodiment, the yield is an approximately equal amount of both PAOs. In yet another
embodiment, the yield of 4 ¢St PAO is greater than the 6 ¢St PAO.
[0023]  The products of this process possess a good balance of properties, especially low
Noack volatility and pour point. The Noack volatility of the 4 ¢St PAO is in the range of
10 about 10 to 15% weight loss, alternatively 11 to 14% weight loss, as determined by a
modified ASTM D5800 method. The 4 ¢St PAO has a pour point of about -45° C to -80° C,
alternatively —60° to ~70° C, as determined by ASTM D5950. The Noack volatility of the 6
¢St PAO is in the range of about 4 to 12% weight loss, alternatively 5 to 8% weight loss, as
determined by a modified ASTM D5800 method. The 6 ¢St PAO has 2 pour point of about -
15  45° Cto -75° C, alternatively —50° to —70° C, as determined by ASTM D5950. The modified
ASTM D5800 method is an ASTM D5800 method with the exception that thermometer
calibration is performed annually, rather than biannually.
[0024]  The hydrogenation of the oligomerized a-olefins may be accomplished using
conventional hydrogenation methodology to reduce at least a portion of the residual
20  unsaturation which remains after the oligomerization. In this regard, typical hydrogenation
catalysts such as Pd, Pt, Ni, etc., can be utilized. In the hydrogenation step, it is preferred that
at least about 90% of the residual unsaturation be reduced.
Examples
[0025] A reference and examples of PAOs were prepared using different feedstock
25 blends. Unless otherwise indicated, all examples were prepared by the following method.
The feedstock was oligomerized in two continuous stirred-tank reactors in series at 22° C and
5 psig using BF3 and BF; promoted butanol-butyl acetate mixture. The mole ratio of butanol
to butyl acetate was 3 to 1. Residence times in the primary and secondary reactors were
1.4 hrs and 1 hr, respectively. A sample was taken from the second reactor when steady-state
30 condition was attained. A small amount of the sample was injected in a gas chromatograph
(GC) to determine the yield. The remainder of the sample was distilled to remove any
unreacted monomers and dimers. The bottoms stream was hydrogenated to saturate the

trimer, and higher, oligomers. The hydrogenated products generally had a nominal viscosity
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., 81.8 47/53 5 25 35 40 10.3 83.8 53/47 6 20 45 35 10.3 81.3 55/45 7 10 60 30
10.4 87.6 58/42 [0027] The reference feedstock is a conventional feedstock
bl end used to manufacture 10 commerci al PAOs; the reference feedstock is

ol i goneri z fsSane manner as t he exenplary feed &ﬁﬁﬁ goal of
t he presensa?Hg (?lon Is to vary the feedstock blend 3% nalntalnlng or

| mprovi ng the physical properties of the | ow viscosity PAOs, making such
PAGCs nore suitable for high demand operating conditions. [00281The
properties of the resulting nomnal 100 C 4 cSt PAO are set forth in Table

2 15 bel ow.
at 100° C of 5 ¢St. A sample of the hydrogenated product was distilled to obtain a bottoms

product with 2 nominal 100° C viscosity of 6 cSt. The overheads product was blended with
some of the 5 ¢St PAO to make a product with 2 nominal 100° C viscosity of 4 ¢St. The yield
was determined from the GC results (% Cz¢ and above).

5 [0026] The feedstock blends used, the weight percent of the different PAO’s, the average

carbon value for the feedstock, and the yields are set forth in Table 1 below.

Table 1
Example | C8, |Cl10, |Cl2, C % 4cSt/6¢St
No. wi% |{wi% | wth average | Yield | Split wt/wt
Reference | 0 55 45 10.9 87.4 | 40/60
35 35 30 9.9 80.4 | 50/50
30 40 30 10 85.8 | 55/45

30 30 40 10.2 81.1 | 55/45
30 20 50 104 81.8 | 47/53
25 35 40 10.3 83.8 | 53/47
20 145 35 10.3 81.3 | 55/45
10 60 30 10.4 87.6 | 58/42

[ wm oa w ol -

[0027] The reference feedstock is a conventional feedstock blend used to manufacture

10  commercial PAOs; the reference feedstock is oligomerized in the same manner as the
exemplary feedstocks. One goal of the present invention is to vary the feedstock blend while
maintaining or improving the physical properties of the low viscosity PAOs, making such
PAOs more suitable for high demand operating conditions.

[0028]  The properties of the resulting nominal 100° C 4 ¢St PAO are set forth in Table 2
15  below.



WO 2010/ 002485PCT/ US2009/ 038007 Table 2 Properties of 4cSt PAO Exanpl e No.
100C Vis. CSt -40C Vis ¢St Noack Vol. wt% Pour Point C Reference 4.09 2753
11.1 -60 1 4.10 2965 14.4 -66 2 4.10 2927 14.4 -66 3 4.11 2884 13.6 -66 4

4.10 WO 2010/002485 PCT/US2009/038007

Table 2 Properties of 4¢St PAO

Example No. | 100°C Vis. | -40°C Vis | Noack Pour
CSt ¢St Vol. wt% | Point °C
Reference 4.09 2753 11.1 -60
1 4.10 2965 14.4 -66
2 4.10 2927 14.4 -66
3 4.11 2884 13.6 -66
4 4.10 2875 13.0 -60
5 4.10 2816 13.5 -63
6 4.09 2812 13.4 -03
7 4,09 2727 13.3 -63

[0029]  The properties of the resulting nominal 100° C 6 ¢St PAO are set forth in Table 3

below.
5 Table 3 Properties of 6 ¢St PAO
Example No. | 100°C Vis. | -40°C Vis | Noack Pour
CSt ¢St Vol. wt% { Point °C
Reference 5.92 7367 5.2 -54
1 5.88 8181 6.4 -60
2 5.87 8166 6.2 -60
3 5.88 7672 5.9 -57
4 5.89 7749 5.3 -56
5 5.90 7912 5.8 -57
6 5.90 7996 5.9 -57
7 5.87 7672 5.7 -57

[0030] For Example 1, with the addition of octene to the feedstock, the 4 cSt/6 ¢St PAO
split yielded a higher amount of 4 ¢St PAO in comparison to the Reference feedstock. The
pour points of both the 4 ¢St and the 6 ¢St PAO products are reduced, improving the pour
10 point characteristics. These improvements are an offset to the increase in Noack volatility of
both products; though for both PAQs, the Noack volatility values are acceptable.
[0031] For Example 2, the octene feed is reduced in comparison to Example 1, with an
offsetting increasc to the decene amount. Both the percentage yield and the amount of 4 ¢St
PAQ are increased over both Example 1 and the Reference feedstock. As shown in Tables 2
15  and 3, the product properties are similar to those of Example 1.
[0032] For Example 3, in comparison to Example 1, the octene and decene amounts are
reduced by 5% each, with a corresponding 10% increase in dodecene. The percentage yield
is reduced; however, the spilt of 4 ¢St PAO is above 50%. The 4 ¢St PAO has an improved

pour point over the reference PAO, and the -40°C viscosity and the Noack volatility are
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, 2875 13.0 -60 5 4.10 2816 13.5 -63 6 4.09 2812 13.4 -63 4.09 2727 13.3
-63 [0029] The properties of the resulting nomnal 100 C 6 cSt PAO are set
forth in Table 3 below. 5Table 3 Properties of 6 ¢St PAO Exanple No. 100C

Vis. CSt -4Q6 Micvesmt Noack Vol. wt % Pour Point C Ref en@igRaeae/sh8007

slightly better than those in Example 2. The 6 cSt PAO has an improved -40° C viscosity

over Examples 1 and 2, and an improved pour point value.

[0033] Example 4 has the lowest amount of decene of the prepared examples, and the

highest amount of dodecene. The yield is comparable to that of Example 3 and the product
5  splitis better than the Reference but lower than those of Examples 1, 2 and 3. In addition, the

pour points of both products, even though acceptable, are inferior to those of Examples 1, 2

and 3. However, the -40° C viscosity and the Noack volatility of both 4 ¢St and 6 ¢St PAO

products are either better or comparable to those of Example 3.

[0034] Similar to Example 1, Example 5 has a reduced octene amount with a

10 corresponding increase in dodecene. The properties of both PAO products are similar to
those of Example 4 but the product split is higher than that of Example 4. The product
properties, yield, as well as the product split are all within the desired ranges.

[0035]  For the feed blend of Example 6, with an increase in the decene amount, the PAO
product properties similar to those in Example 5 but has a higher product split.

15 [0036] Of the exemplary feedstocks oligomerized, Example 7 has the least amount of
octene in the feedstock. This feed blend yields a good balance between yield, product split
and product properties.

[0037] Based on the above data, it can be seen that with increased octene in the feed
blend, the general tendency of the Noack volatility increases, as does the -40° C viscosity.

20  However, the pour point decreases with increased octene content. This holds for both low
viscosity PAQ’s discussed and sampled herein. This suggests there is a preferred maximum
amount of octene for the feedstock to yield a high performance low viscosity PAO,

[0038]  In studying the impact of the decene percentage in the feedstock, the following
theories can be put forth. For the nominal 4 ¢St PAO, as the decene amount in the feedstock

25  increases, the Noack volatility increases, with higher Noack volatility values observed for
feedstocks with a greater amount of octene. Also, for the nominal 4 cSt PAOs, the pour point
decreases with greater decene amounts, with a lower point observed with feedstock
comprising a higher amount of octene.

[0039] In studying the impact of the dodecene amount in the feedstock, for the nominal 4

30 ¢St PAO, a large dodecene amount appears to decrease the Noack volatility value, however,
the pour point increases, and the yield percentage of the desired 4 cSt PAO decreases. This
suggests that for the production of a high performance nominal 4 cSt PAO, there is a

preferred maximum amount of dodecene in the feedstock.
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7367 5.2 -54 1 5.88 8181 6.4 -60 2 5.87 8166 6.2 -60 3 5.88 7672 5.9 -57 4.
5.89 7749 5.3 -56 5 5.90 7912 5.8 -57 6
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[0040]  When studying the impact of the average carbon content value for the tri-blend in
the feedstock, calculated as the weighed average of the Cg, Cyo, and Cy in the feedstock, pour
points are lower for lower average carbon content feedstocks, while the Noack volatility
values decrease with a higher average carbon content feedstock. In blending feedstock with a
5  mixture of octene, decene, and dodecene, to achieve the average carbon content of the tri-
blend in the feedstock should be in the range of 9.9 to 10.5; preferably in the range of 9.9 to
10.4, even more preferably in the range of 10.2 to 10.3.
[6041] Having described aspects of the hydrocarbon blends, its various features and
components therein, the hydrocarbon blends can be further described by the illustrative
10  numbered embodiments below:
L A process for the oligomerization of alpha-olefins, the process comprising a)
contacting a feedstock of alpha-olefins and at least one oligomerization catalyst in a reactor
under oligomerization conditions to oligomerize the alpha-olefins, the feedstock of alpha-
olefins being a blend of decene, at least 10 weight% octene, and at least 30 weight%
15  dodecene; b) removing unreacted alpha-olefins and dimers of the alpha-olefins to obtain a
bottoms intermediate comprising trimers; c¢)hydrogenating the bottoms product to obtain a
hydrogenated product; and d) separating the hydrogenated product to obtain at least two

fractions of polyalpha-olefins of differing nominal viscosities.

2. The process of numbered embodiment 1, wherein the feed comprises at least 25%
20  decene.
3. The process of either of numbered embodiments 1 or 2, wherein the feed comprises

not more than about 50% decene.
4, The process of any of the above numbered embodiments, wherein the feed comprises

not more than about 35% octene.
25 5 The process of any of the above numbered embodiments, wherein the feed comprises

not more than about 45% dodcene.
6. The process of any of the above numbered embodiments, wherein the feed comprises

not more than about 35% decene.
7. The process of any of the above numbered embodiments, wherein the feed comprises

30 not more than about 35% octene, not more than 45% dodecene, and at least 25% but not more

than 60% decene.



.5.90 7996 5.9 -57 7 5.87 7672 5.7 -57 [0030] For Exanple 1, with the
addition of octene to the feedstock, the 4 cSti6 cSt PAO split yielded a
hi gher amount of 4 ¢St PAO in conparison to the Reference feedstock. The

pour poi nt s uof 20006k %he 4 cSt and the 6 cSt PAO productpyqafsaebithFed.
i nproving the pour f point characteristics. These inprovenents are an

offset to the increase in Noack volatility of both products; though for
bot h PAOs, the Noack volatility values are acceptable. [0031] For Exanple 2,
the octene feed is reduced in conparison to Exanple 1, with an offsetting
increase to the decene anmobunt. Both the percentage yield and the amount of

3,58t PAO ar o | NCERABRL O U Mo UATP fberd bR SHERGCL SRR 00K Ao

shown in Tables 2 roduct properties are sim ar to ose of
Exanpl e 1. [(@®g)tust ofitensishe de:enei, prdcdofesenciin thp facd yiElda prverage catier codnbne and
decene amunt,ﬁt},@gﬁggmm@@lopy 5% each, with a corresponding 10% i ncrease in
dodecene. The percentage yield is reduced howeyer, the spilt of 4 ¢St PAO

i s above 50%% TheThf RasEsspAEhafsthe phoyemmbsied cpBfimens; Wf‘er?iﬂé}}e sepErtipR Pbr ence
PAQ, and tshe stefQECyiids & @sdtiol ofpdlyalphs opnbdoingQl 1801 € ivisyosty 6f ab¥d 4 cSt and a

2010/ 002485PCT/ US 0Q9/ 0 7.sligh t ha The 6
eSt PAO has Pt O vesor a5, B el -BR T SV R s, T
i mproved pourCtpemgratleasam?r’eofﬂﬁdzw«B] Exanpl e 4 has the | owest anount of decene

of Lhe Drepaned cxaTBbaS (RS dibaliish AT AL ARG, M o d IS

corrparabletothat etter “than the
Ref er ence butviscesitesf abprid cﬁhefslémo(f? h@)@&’ﬁﬁl@@f Qfabw‘a‘ﬁﬁ CSO -80R Cathel peur opint t he

pour poi nfeS @bin. %@gtg}m%@ggu&gm])gyggn t hough accept able, are inferior to those
of Exanpl es 1 However, the -40 C viscosity and the Noack

volatility oftlbotHhesprests ofyppmberedempodisent &j Jaerenthe, P@V%lﬂeroquetltaéwg Sr
conpar abl e t @lséd%ﬂgsef aBbut B¢81401160°Z hak 0 PA4 b&ntaflabsut 145° Exaumst €; the pdoxpsipl € 5 has

a reduced oc ene correspondi ng increase in dodecene. The
properties o:b @?Wﬁéésgr e simlar to those of Exanple 4 but the
product splitl2is Mpglyelphzt -dlefim tdvatrisclf ofExmampgenedized Thiphaprduluwhiclprhapbedni es,
yield, assvell,asq iy Blogdukh, SAkich &l offomeMel Nigha LiiEn A€ Hhépada RNGES-
contacting an olefin feed comprised of a blend of decene, at least 10 weight% octene, and at
least 30 weight% dodecene to obtain an intermediate product comprising olefin trimers, and
b) separating the intermediate product, wherein said oligomerized alpha-olefin has a 100° C
viscosity of about 4 ¢St, and a pour point of about -45° C to -80° C as determined by ASTM
20  D5950.
13.  The polyalpha-olefin of numbered embodiment 12, whercin the feed consists
essentially of not more than about 35% octene, not more than about 45% dodecene, and at
least 25% but not more than about 60% decene.
14.  The polyalpha-olefin of either numbered embodiment 12 or 13 wherein the polyalpha-
25  olefin is further blended with at least one additional API Group I to Group V basestock.
15. A polyalpha-olefin comprised of an oligomerized alpha-olefin which has been
subjected to hydrogenation, wherein said oligomerized alpha-olefin is prepared by a)
contacting an olefin feed comprised of a blend of decene, at least 10 weight% octene, and at
least 30 weight% dodecene to obtain an intermediate product comprising olefin trimers, and
30 D) separating the intermediate product, wherein said oligomerized alpha-olefin has a 100° C
viscosity of about 6 ¢St, and a pour point of about -45° C to -75° C as determined by ASTM
D5950.
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[ 0035) For the feed blend of Exanple 6, with an increase in the decene
anount, the PAO product properties simlar to those in Exanple 5 but has a
hi gher product split. 15 [00361CF the exenpl ary feedstocks oligonerized,
Exanpl e 7 h3afo idigochgast anmount of octene in the feedst gelusidabsssheged bl end
yi el ds a good bal ance between yield, product split and product properties.

[ 0037] Based on the above data, it can be seen that with increased octene in
the feed blend, the general tendency of the Noack volatility increases, as
does the -40 C viscosity. 20 However, the pour point decreases with

i ncreased octene content. This holds for both | ow viscosity PAO s di scussed

and sanpl ed hgy ei fiye }Bﬂya @%S&ﬁnﬁ:ﬁ&e@ e@ooamﬁﬁteflﬁwvﬁéﬂemm e @Ryt  of
octene for the feedstocCk to yiel W'Qg@ﬁ erfornance | gw vi scosity PAQ
d

[0038] I n st udfieAiplly Wén?tr%ﬂhalb%bovw dopRPEShn 45t 4M@H@°?*eeﬂetabck t he
f ol I owi ng thaé)d’stﬁ%lﬁxaﬁbtbﬁreﬂhﬁna&ﬁﬂtﬁd%ddﬁafe the nom naI 4 cSt PAO, as the

decene anount stock .25 in S

i ncr eases, lt7h h{rgarf’é’iy Fﬂg '\/oglnﬁlf’?elrei 0 ‘gﬁ"ﬂ‘ét‘? et er@d” eoQOEB?aé’édglf’%rbks with
a greater %nnmﬁnm@bmmkﬂemhaué$em¢mﬁ@mmﬂh@lGmmphaKhdm@EMmﬁm&b t he pour

poi nt decrea t 1 rved
wth feedstocE }(,)VI ?Pég:’?%%t Bﬁg@cﬁ@% utun'?ér?)i a\opécﬁlgbrﬁlfe} ﬂe%?@)%%&g?g%gs?ng t he
i mpact of t héulzmmerrfencam ﬁtuds, 19r thee nfap bl e kwhf‘@rwltswemﬁw#aﬁddmveo cSt

PAQ, a | ar ge 10edRsei® R TR wiRBEE! 13sdsBckd R66H0R Agnehifl PIAAGHn Maltdt [ARTf ¥
val ue, however, the pour point increases, and the vy |eldn§ercentag of the

desired 4 cStGrP’)Ré)Id@cmeé‘&ieéz orrofher eonyepdiotal PARS: (AP Creupel\ar Bl el8q Gt a
hi gh perfnr rrmrs:mecammﬂ%&is g C Sbpal?éfis, ﬁdmmq)aras:ﬁra, ﬂfdethenxkeadwmxlfmma&{g)unt of

dodecene in 0/0 85P 2 380 00401\When

st udyi ng the ﬁ‘ﬁ%‘sm t?‘f ﬁéoév\gﬁigé’ %8 %roﬁseé ? {ﬁ?'grqpar oﬁiégt - bl end
in the feedstfouke myalocminat wutiorsf the everw Ighisant aunamagei zmﬂ thelokoi@8heréofd and C12
in the feeds r Lont ent
Feedst ocke, . SR D BhEu BARANNS cul Rl B R

aver age carbon content feedstock. In blending feedstock with a 5 m xture of
octene, decene, and dodecene, to achieve the average carbon content of the
triblend in the feedstock should be in the range of 9.9 to 10.5; preferably
in the range of 9.9 to 10.4, even nore preferably in the range of 10.2 to
10. 3. 100411Havi ng descri bed aspects of the hydrocarbon blends, its various
features and conponents therein, the hydrocarbon bl ends can be further
described by the illustrative 10 nunbered enbodi nents below. 1. A process
for the oligonerization of al pha-olefins, the process conprising a)
contacting a feedstock of al pha-olefins and at | east one oligonerization
catalyst in a reactor under oligonerization conditions to oligonerize the
al pha-ol efins, the feedstock of al pha-olefins being a blend of decene, at

| east 10 wei ght % octene, and at |east 30 wei ght% 15 dodecene; b) renoving
unreact ed al pha-ol efins and diners of the al pha-olefins to obtain a bottons
internmedi ate conprising tinmers; c¢) hydrogenating the bottons product to
obtain a hydrogenat ed product; and d) separating the hydrogenated product
to obtain at least two fractions of polyal pha-ol efins of differing nom nal
Vi scosities. 2. The process of nunbered enbodi nent 1, wherein the feed
conprises at |east 25% 20 decene. 3. The process of either of nunbered
enbodi ments 1 or 2, wherein the feed conprises not nore than about 50%
decene. 4. The process of any of the above nunbered enbodi nents, wherein
the feed conprises not nore than about 35% octene. 25 5. The process of any
of the above nunbered enbodi nents, wherein the feed conprises not nore than
about 45% dodcene. 6. The process of any of the above nunbered

enbodi nents, wherein the feed conprises not nore than about 35% decene.
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7. The process of any of the above nunbered enbodi nents, wherein the feed
conprises 30 not nore than about 35% octane, not nore than 45% dodecene,
and at | east 25% but not nore than 60% decene.

W02010/ 002485PCTMS520091038007 8. The process of any of the above nunbered
enbodi nents, wherein the weight percentages of the octene, decene, and
dodecene iM@Qeed yi el ds an average carbon content in the range of 9.9
to 10.5. 9. The process of any of the above nunbered enbodi nents, wherein
the separation of 5 step d) yields a fraction of polyal pha-ol efmhaving a
100 C vi sc&¥iat ip chiimedisut 4 ¢St and a fraction having a 100 C viscosity of
about 6 cSt, the fraction of about 4 cSt viscosity at 100 C being at | east
50% of the yield. 10. The process of nunbered enbodi ment 9, wherein the
pol yal pha- bl ef i A frasesniyr thewligaosizatiorndf dffautlefthsciBe pakest @Ompridiag a pour

poi nt of about -45 Cto -80 G e, pQur ., poi 10, bei ng determ ned by ASTM

D5950. 11. The%or oc&YLAcHpE ﬁ&ﬁ%dé{z’é% L alpsfiedis agd BB igamerization

pol yal pha- ol ef i catdlgstiing rdactérS@msi blygoferiafiint cofdi€iShs &t olifdthetizd@f® Apour

poi nt of about -46 Cto -75 C .the pour point bej nfg determ ned by ASTM

D5950. 12. A pbFyar Prrdesisiork Al plifsrlpdesdedte abions ogohiere den 40 prightbef i n

whi ch has been d&ecsd)Ri 185k 0wk Rhivy IEOGERRE 4t Whst INREiBHD, &RIL&ne! | gomeri zed

al pha-olefin is prepared by a) contacti ng an olefin feed conprised of a

bl end of deceneb) at feewsinglenrogsieshelphoeleline andrdimars ploshst alpba-plsfighttos

dodecene o obt i dBokhErEFLAME BLOGMEL ufiRApriSing olefin trimers, and
d ,

b) separating the I nternedi ate produc erein said oligonerized

al pha-ol efin ha® a 1GIr@evitggdkd bogtopls padsiuat to Hbw it 3 hyainekeaatpdprodye;j antl  of
about -45 Cto 380 C eterm ned b STM 20 50.. .13 The .
pol yal pha- ol ef i (P of Sﬁﬁ%ﬁ@%ﬁ‘e@ﬂ@%’ elr]r%% pTyl,ucz[V\Eﬂg’?) i o I%egstf‘gvé’d%%%‘r?gf’ of s
essential ly of pudyalptardefihaifdafeang ndbiabdi@rigics.not nore than about 45%
dodecene, and at |east 25% but not nore than about 60% decene. 14.
The pol yal pha-ol efin of either nunbered enbodi rent 12 or 13 wherein the
pol yal pha-2.25 oftefgrécessoffddibneivhblepnde theWebhipies hiast 2908igadd iddepnal APl
G oup Ito Goup V basestock. 15. A polyal pha-olefin conprised of an
ol i goneri zed al pha-ol efin which has been subjected to hydrogenati on,
wherein sa d ol ' phas fdid : : 2t an
olefin feed conp@?%g%ésigg%@bl endfotlgig pgégfcl:déﬁg@@?’a\?}gﬂg?mﬁ%}eﬁg?gﬁﬁ%&ggne, and
at | east 30 weimeredhaicdevaghe’tasteobt ai n an i nt er nedi ate product conpri sing
olefin trinmers, and 30 b) separating the internedi ate product, wherein said
ol i goneri zed al pha-ol efin has a 100 C viscosity of about 6 cSt, and a pour
poi nt of dbout FTSHr@esoof 7y Gead e peaviniunethity, WASTdh DxOfE0d coMBrises not
2010/ 002485PCT/HL1J8298@9/4 380 ‘Véilg The pol yal pha-ol efin of nunbered
embodi nent 15, WHEFE N~ tHE Y 8&§°E6h%i st s essentially of not nore than about
35% octene, not nore than about 45% dodecene, and at |east 25% but not nore
t han about 60%’1&,2(:6”6' 7. The fDol yal pha-ol efin of nunbered enbodi nent 15
or 16 wherein tHE BSHRPLHNY- et the Bravious Gl vhsrein disdicgd comprises 885t one
addi tional APl (3euanBs5tRiMRURcebasest ock. [00421The PAO s produced as
taught herein are useful herein by thenselves as lubricants or functional
fluids, or they may be m xed with various conventional additives. They may
al so be blgende i t : : -] stitute
(APl G otps | 1o T Gy, Rt pvieB s SRR SRR L AR Y
al so ot her 10 myate dwardboreightti atteneenay.more sropadSradipind dotecama) amplaat ddaki ns, and
the like. mengg%e%\k%tbiupgotln%qrih%f? Swe\:’“ﬁt&)c}egenePAo S .the PAC fs’ ot her .
basestocks, and o r'"hydrocar bon fl ul ds ey Tofrma major or mnor portion
of the overall lubricant conposition and the choice thereof and quantity,
as wel | a§ any,[iddi ti onal addi ttj ves, can be tail oreﬁl to. neet desired
end-use criteri‘dC Progesk| ny one of the previous claims, wherein the weig t percentages of

the octene, decene, and dodecene in the feed yields an average carbon content in

the range 0f 9.9 to 10.5.
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What is clainmed is: 1. A process for the oligonerization of al pha-olefins,
the process conprising; a) contacting a feedstock of al pha-ol efins and at

| east one ol igonerization catalyst in a reactor under oligonerization
conditions to oligonerize t he al pha-ol efins, the feedstock of al pha-olefins
being a bl end not nore than 4 ht@b ecen : | east 10 wei ght %

oct ene, g ﬁgﬁm%ﬁ‘ﬁéPﬁﬁ?%@g@aéggH@SC éhﬁ%ﬁﬂﬁﬁﬁﬁ¥@5@ﬁgéwpd)

al pha- ol efl ns a@ﬁl‘ldilﬁﬁﬁ&loﬁfoftﬂaﬁlaﬁ;h%i%fﬂl}féfvingsa { et ALSIF JTOUL @B a
internediate conprising trimers; c¢) hydrogenating the bottonms product to
obtain a hydr ogégtaadapingd89® Caisgositor Seqshrthe fragiionied 4eidvisersitaeet08r oduct
to obtain at |egsf; W@k%&%@@é ﬁ ﬁgmpolyalpha olefins of differing nom nal
vi scosities. 2. The process of alm 1, wherein the feed conprises at |east
25 wei ght % decene. 3. The process of any one of t he previous clalns wherein
the feed cgnpri n,35. e, 4. The. roce any
one of thegprevﬁgégﬂg%mn?ca“&hé?@?ﬁ”ﬁﬁ%%?g %ﬁ?ﬁ% ggﬁgf g%

wei ght % dodecenet 108° Thexsprppaepsinodf arty ore 80T CI. the ppﬁlepduﬁlllﬁm@ (ﬁteﬁﬁﬁme&t\her ein
t he feed conprisegéggi ?ﬁ%ﬁ t han 35 wei ght % decene. 6. The process of any
one of the prevPd R wherein the feed conprises not nore than 35

wei ght % oct ene, not nore than 45 wei ght % dodecene, and at |east 25 wei ght%

but not nore than 40 melght96decene 7. The process of any one of the
previous cf%i ms ITheupiassss Al ¢laien Suavhgrnin the pelralphyelslinhavinga siseasiie of Gediemte, and
dodecene in the [ age,CaEd, [ f 9.9
dodscene 11 o1 6P eShilEhle vl e AR OO CTL SR B ARGE 0T,
separation of sﬁé%NH@5%Welds a fraction of polyal pha-ol efin having a 100 C
viscosity of 4 ¢St and a fraction having a 100 C viscosity of 6 cSt, the
fraction of 4 cSt viscosity at 100 C being at |east 50% of the yield. 9.
The process of claim8, wherein the pol yal pha-ol efin having a viscosity of
4 cSt at 100 C has a pour point of -45 Cto -80 C, the pour point being
determ ned by ASTM D5950. 10. The process of claim8, wherein the

pol yal pha-ol efin having a viscosity of 6 cSt at 100 C has a pour point of
-45 Cto -75 C the pour point being determ ned by ASTM D5950.
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