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met hod for |ubricant manufacture. In particular, the
invention relates to the bledding of raw materials to
forma lubricant having predeterm ned characteristics.
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aracteristics. This usi ng

[0003] Recent advances in in-line or batch blending technology allow high
level of automation in lubricant blending. However, little progress has been
made in addressing the issues related to raw material variations and finished

lubricant optimization.

[0004] The present invention includes a system and method for lubricant
manufacture, in which the finished lubricants manufactured using this system
and method are a combination of raw materials that result in a lubricant having
predetermined characteristics. Furthermore, these lubricants show significant

- reduction in variations in viscosity and other parameters.



nodel s that relate [ubricant characteristics to a
conbi nation of the anobunts of raw nmaterials
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raw materi als. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0006] Figure 1 shows a grapB-of weight (loss of
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present invention. [0007] Figure 2 shows correl ations
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[0010] Figure 5 shows a flow chart for a component modeling approach.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Modern lubricants contain multiple basestocks and additives and are
manufactured to meet multiple specifications such as kinematic viscosity, cold
cranking simulator viscosity, and volatility. Traditional approach of blending
lubricants with fixed formulations cannot account for the variation in raw
materials. In order to produce optimal products, the formulations need to be
adjusted based on blends at the laboratory or by using mathematical models.
The present invention includes a system and method including lab-scale high
throughput blending and testing, mathematical modeling, on-line sensors, and

lubricant manufacture automation.



present invention is an innovative and novel extension
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agents, antioxidants, demulsifiers, seal swelling agents, friction modifiers,

corrosion inhibitors, antifoam additives, and pour point depressants. High
viscosity lubricants inclﬁde, but are not limited to, viscosity modifiers, pour
point depressants, dispersants, polyisobutylenes, and high molecular weight
polyalphaolefins and additive packages containing one or more of these high
viscosity lubricants. The disclosed method of blending lubricant additives using
positive-displacement liquid-handling equipment method also allows blending to
be done with minimal chemical, thermal or physical degradation of the high

viscosity lubricant components within the lubricant blend.



that function as both a viscosity index inprover and a

di spersant. Typical nolecul ar wei ghts of these
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typi cally about 20,000 to 500,000, and even nore

typically between about 50,080 and 200, 000. [0016]

Exanpl es of suitable viscosity index inprovers are
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as pour point depressants. Other suitable viscosity index improvers include

copolymers of ethylene and propylene, hydrogenated block copolymers of

styrene and isoprene, and polyacrylates (copolymers of various chain length

acrylates, for example). Specific examples include olefin copolymer and

styrene-hydrogenated isoprene copolymer of 50,000 to 200,000 molecular

weight.

[0017] Viscosity modifiers are used in an amount of about 1 to 25 wt% on
an as received basis. Because viscosity modifiers are usually supplied diluted in
a carrier or diluent oil and constitute about 5 to 50 wt% active ingredient in the
additive concentrates as received from the manufacturer, the amount of viscosity

modifiers used in the formulation can also be expressed as being in the range of



Di spersants [0018] During engi ne operation,

oi | -i nsol ubl e oxi dation byproducts are produced.
wor@pessent s hel p keep these byproducts in sol BET/U82007/023849

thus di mnishing their deposition on netal surfaces.

Di spersants may be ashl ess o5 -ash-formng in nature.

Preferably, the dispersant is ashless. So call ed

ashl ess di spersants are organic materials that form
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det ergents di scussed above, farm ash upon_ conbustjon.
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may be characterized as phenates, sul fonates,
wtll gatviedngrediemtat es, sal i cyl ates, napht henat es,
Stearates, carbamates, thiocarbamates, phosphorus
Dﬁe}%ﬁé ves. A particularly useful class of
nts are the al kenyl succinic derivatives,
&ﬁpi cally produced by the reaction of a |l ong chajn
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t he, ol il rti f j r o
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n&tORY PPreFEaK 1S XRTBEspersaht i AkRless PSo @Al adRéssaiépersdts are
wel | known ¢commercrally and in the literature.
ofgaaitpmateyrials that ferne sutstaviiallydesash wipomgcambistion. For example,
di spersants, ~and jncorporated by reference in their
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16, 177; 3,341, 542;. 3,444, 170;,.3 454, 607; 3,541 012;
IngSinishneial coniaming deicseents isfS3 P96 i 38h UBDR o
0@*8@ di spersant are described in U S. Patents Nos.
, , 003; 3,200, 107; 3, 254,025; 3,275,554; 3,438, 757;

3, 454, 555; . _
[0019] Suitable dispersants typically contain a polar group attached to a

relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[0020] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocarbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by 'the
reaction of a long chain substituted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.

The long chain group constituting the oleophilic portion of the molecule which



3, 565, 804; 3,413,347; 3,697,574; 3,725,277, 3,725, 480;

3,726, 882; 4,454,059; 3,329,658; 3,449, 250; 3,519, 565;
wW@20806358D; 3, 687, 849; 3,702,300; 4,100,082; 5pdDBES058023849

al so incorporated by reference in their entirety. A

further description of dispe6sants may be found, for

exanpl e, in European Patent Applicati on No. 471 071,

al so incorporated by reference inits entirety. [0021]
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at least one equivalent of an alkylene amine or hydroxyl alkylene amine are

particularly useful.

[0022] Succinimides are formed by the condensation reaction between
alkenyl succinic anhydrides and amines. Molar ratios can vary depending on the
polyamine. For example, the molar ratio of alkenyl succinic anhydride to TEPA
can vary from about 1:1 to about 5:1. Representative examples are shown in
U.S. Patent Nos. 3,087,936; 3,172,892; 3,219,666; 3,272,746, 3,322,670; and
3,652,616, 3,948,800; and Canada Pat. No. 1,094,044, all of which are

incorporated by reference in their entirety.

[0023] Succinate esters are formed by the condensation reaction between

alkenyl succinic anhydrides and alcohols or polyols. Molar ratios can vary



pol yam nes. One exanple is propoxyl ated

hexanet hyl enedi am ne. Representative exanples are
wGah@sneism U. S. Patent No. 4,426, 305, which i s PCT/US2007/023849

incorporated by reference inits entirety. [0025] The

nol ecul ar wei ght of the al kefiyl succinic anhydrides

used in the precedi ng paragraphs will typically range

bet ween 800 and 2,500. The above products can be

depéeiding afitthe alohbl Mﬁp@l@’bb‘uidﬂa%ﬂ@(aﬁ‘gﬂ@ th8 cénddnsation product

oxygen, formal dehyde, carboxylic acids such as oleic
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hi ghly borated di spersants. The di spersants can be
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[0026] Mannich base dispersants are made from the reaction of
alkylphenols, formaldehyde, and amines. See U.S. Patent No. 4,767,551, which
is incorporated herein by reference. Process aids and catalysts, such as oleic
acid and sulfonic acids, can also be part of the reaction mixture. Molecular
weights of the alkylphenols range from 800 to 2,500. Representative examples
are also shown in U.S. Patent Nos. 3,697,574; 3,703,536; 3,704,308, 3,751,365;
3,756,953; 3,798,165; and 3,803,039, all of which are herein incorporated by

reference in their entirety.

[0027] Typical high molecular weight aliphatic acid modified Mannich

condensation products useful in this invention can be prepared from high



conmpounds to give al kyl substituents on the benzene
ring of phenol having an average 600-100, 000 nol ecul ar
wowei0gis3sof 0029] Exanpl es OFHN(R) 2 gr oup- cont ai PCTS2007/023849
reactants are al kyl ene pol yam nes, principally
pol yet hyl ene pol yam nes. O kh@r- representati ve organic
conpounds containing at |east one HN(R)2 group
suitable for use in the preparation of Mnnich
nesleeldasaeight afltyddubbtitubedchydroky ddomvuics od HN@® ) ¢eotifhe
mono- and di -ami no al kanes and their substituted
cenalmogg reactants. et hyl am ne and di et hanol am ne;
aromati c di am nes, e. phenyl ene di am ne, diam no
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0030] Exanpl es of al kyl'ene pol yam de reactants
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alerapp1680HY, (0D Mdlgouthr weight.oned before, Z is a
di val ent ethylene and n is 1to 10 of the foregoing
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imidazole, imidazolidine, and piperidine; melamine and their substituted

analogs.

[0030] Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetracthylene pentaamine,
pentaethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine,
octaethylene nonaamine, nonaethylene decamine, and decaethylene undecamine
and mixture of such amines having nitrogen contents corresponding to the
alkylene polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z is a
divalent ethylene and n is 1 to 10 of the foregoing formula. Corresponding
propylene polyamines such as propylene diamine and di-, tri-, tetra-,
pentapropylene tri-, tetra-, penta- and hexaamines are also suitable reactants.

The alkylene polyamines are usually obtained by the reaction of ammonia and



formal dehyde (al so as paraf or mal dehyde and formalin),

acet al dehyde and al dol (b-hydroxybutyral dehyde).
wo-orosmbehyde or a formal dehyde-yi el di ng react BCI/UBR07/023849

preferred. [0032] Hydrocarbyl substituted am ne

ashl ess di spersant additives9are disclosed, for

exanple, in U S. Patent Nos. 3,275,554; 3,438, 757;

3, 565, 804; 3,755,433; 3,822,209 and 5,084, 19; all of
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lgmﬁgyafs) may be added to the conposi tions of the
present invention if desired. These pour point

GFR 5 e BerrA PR mife s Esh ARapRRRL SALPES o
d?s:pl ,ffbéltegﬁmg)llé“lﬂy\’%“’ Jfghgrggga%gﬁs B94 ug@@%ﬁmels@ﬁ-

pmlsymt 38@22/2@9 88d 50B4yER raw @rt\feﬁlchmeé naireyﬂ ﬁmoﬁﬁ&ated by

condensaf| on products of hal oparaff n waxes and
referemeti ¢ conmpounds, vinyl carboxyl ate pol yners, and
terpol ynmers of dial kyl fumarates, vinyl esters of fatty

5, oobretyrtl dtopiibant'ifEf B pdrated 584 B HiGreg succinimides,
: 1rfcmd1n§ tRER Jé}ﬁﬂatlz'e; Zbn®fbnoZsutéhifides, BROsucAitMidesS and/or

whi ch are herein
mixtures of mono- and bis-succinimides, wherein the hydrocarbyl succinimide is

derived from a hydrocarbylene group such as polyisobutylene having a Mn of
from about 500 to abdut 5000 or a mixture of such hydrocarbylene groups.
Other preferred dispersants include succinic acid-esters and amides, alkylphenol-
polyamine-coupled Mannich adducts, their capped derivatives, and other related
components. Such additives may be used in an amount of about 0.1 to 20 wt%,

preferably about 0.1 to 8 wt%.

Pour Point Depressants

[0034] Conventional pour point depressants (also known as lube oil flow
improvers) may be added to the compositions of the present invention if desired.
These pour point depressant may be added to lubricating compositions of the

present invention to lower the minimum temperature at which the fluid will flow



i ncorporated by reference, describe useful pour point

depressants and/or the preparation thereof. Such
w@odwBnedses may be used in an anpbunt of about OrPOWUSW0B023849

w % preferably about 0.01 to 1.5 wt% Typi cal

Addi tive Anmounts [0035] Whenl( ubricating oil

conpositions contain one or nore of the additives

di scussed above, the additive(s) are blended into the

of 84PBE pblifdd. 'Ek@ﬂgl@ﬁ@ﬂ BhitsHlé Pbﬁt p6int HeprebiantOine@ideor m

its intended function. Exenplary anmounts of such
pehjuin¢thaerylatss fpolyacnylates, polyseamideseeandsnsation praductseaf

in Table 1 below. Note that nm of the additiv are
h@, B{c?éﬁnf"i@?ﬁstaﬁé mmaﬂaapmp@pnawle&lé@rbm alg ROlymgrsyand

patmes of SRy Romardes Dl ek B Ay R AL R gyl iy Lgghers.
d@'# 1Bt Rboer sfggﬂﬁi?o'i?fﬁ%eﬁ%g 498 @@%7%8 gss, 479;

drscl oeur e; herwi s&™1'ndi cat et, are’ freéted
216860 s 20N 7 P2 221,8Y8; 4rt3,2809n8, 41l batvhich afkeherein
non: sol vent portl on of the i ngredl ent) The wei ght
imerpenatealges refertince dedctibe usefat polnapadt depressantsoaral/or the
wei ght of the lubricating oil conposition. Tab

1:
pqﬁm@r%twn therrpdt Sush additives dnaybe peechin an ?m@Bﬂ‘;@&-ﬁth“% 0.01to5

g%?pound W % (Useful) W%
%ﬁb@’ %é) @? :{6 ﬁ;o 1-25 3-20 Detergent
O 01-6 O. 01 4 Di spersant 0.1-20 0.1-8 Friction Reducer

T9pith] Additive Anfoudits i oxi dant 0.0-5 0.0-1.5 Corrosion
Inhibitor 0.01-5 0.01-1.5Anti -wear Additive 0.01-6
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additives discussed above, the additive(s) are blended into the composition in an

amount sufficient for it to perform its intended function. Exemplary amounts of
such additives useful in the present invention are depicted in Table 1 below.
Note that many of the additives are shipped from the manufacturer and used with
a certain amount of base oil solvent in the formulation. Accordingly, the weight
amounts in the table below, as well as other amounts referenced in the present
disclosure, unless otherwise indicated, are directed to the amount of active
ingredient (that is the non-solvent portion of the ingredient). The weight
percentages indicated below are based on the total weight of the lubricating oil
composition.

Table 1: Typical Amounts of Various Lubricant Oil Components

Approximate Approximate
Compound Wit% (Useful) Wit% (Preferred)
Viscosity Modifier 1-25 3-20
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Antioxidant 0.0-5 0.0-1.5

Corrosion Inhibitor 0.01-5 0.01-1.5



Base G| Bal ance Bal ance [0036] G oups I, IIl, IIl, IV
and V are broad categories of base oil stocks
walewsleserl and defi ned by the Anmerican Petr ol eRer/US2007/023849
Institute (APl Publication 1509; ww. APl.org ) to
create guidelines for lubri-cdit base oils. Goup |
base stocks generally have a viscosity index of
bet ween about 80 to 120 and contain greater than about

R S R Ly S O R
\Y; Vi X
of og(gl{r\#é)é\‘ﬁ elgfﬁff 0 to 120, {)iﬁdshcont ain Iessbioﬁaln§1

uAntifeama h@gnt 0. 03% sul fur &AB1-dreater than9@P
to Bime il 90% sat ur at es. GrouBalhilde st ock geneBalahye has
a viscosity index greater than about 120 and contains

[d«ﬁm‘; thagQy sqqmaimtpv%aelv af l%aaocﬁ gBHEs BN Basl Sifb@kks

about O/o saturates. Group IV | udes

dewdlype b definetsby BAQAmeican ﬂ’e\toﬂm&@ Instivates ARidPubdeation
base stocks not included in Goups |-1V. Table 2

180%mmwive. AP iorghier arcate guidelings forf [ubnigant base®ilgr Kinpyp I base
SHOER Berarylly Rt s RS TAOcsoRl BERBPER 2609 9k Lofhangheontain
g@&gerih%lf?b&ﬂ)u&d/ %1?@13( Arda &qisgéf{%ﬁggoﬁ%sﬁlo%tur&t%g Group II

bR ﬁ@él&h@éﬂeﬁill}nﬁa\fep f@sc@@“ﬁld\!x@f %eﬁbé@{ aﬁlﬁﬁ %OQb'lZO ar]ld

stocks not included in Gdéups I, I, V [ 003

chnam ktothan drasquabtocabuuy 0. Qﬁ%aﬁrﬁmm@d gmatﬁrhhm or edquibl to
saturation nature of ngeater than 90 wei ght percent

abeut WP satusaiess é’mowj rstqsg@mgras}ly hasgeyiseesity index greater than
S k d/

A0 AE G B fess Jounar SHuaLjoPBRIEALYS Balgw aftgteSler than

aB5ut'gdd, saﬁﬁ%ge@r&ﬁwqﬁa{lﬁ&r f)&lyﬁff)%goleﬁns (PAO). Group V base

stocks include base stocks not included in Groups I-IV. Table 2 summarizes

properties of each of these five groups.

Table 2: Base Stock Properties

Saturates Sulfur Viscosity Index

Group I <90% and/or > 0.03% and 80 and <120
Group 11 90% and 0.03% and 80 and <120
Group 111 90% and 0.03% and 120
Group IV Polyalphaolefins (PAO)
Group V All other base oil stocks

not included in Groups I,

II, III, or IV

[0037] Base stocks having a high paraffinic/naphthenic and saturation
nature of greater than 90 weight percent can often be used advantageously in
certain embodiments. Such base stocks include Group II and/or Group III
hydroprocessed or hydrocracked base stocks, or their synthetic counterparts such

as polyalphaolefin oils, GTL or similar base oils or mixtures of similar base oils.



as pol yal phaolef n oils, GIL or simlar base oils or

m xtures of simlar base o0ils.[0038] GIL materials are
wori08063hs that are derived via one or nore syPtTiES1087/023849

conbi nation, transformation, rearrangenent, and/or

degr adati on/ deconstructi ve -d2ocesses from gaseous

car bon-cont ai ni ng conpounds, hydrogen-cont ai ni ng

conmpounds, and/or elenents as feedstocks such as

hydr ogen, carbon_ di oxi de, carbon nonoxi de, water,

[ ane, G¥Lnmaterialy &rymaférlahdbatyaré Kisrived yimene or more

s SOTBeaSR At Birbition, BAmhoERRRn Pt 3 of
dgg;gaa&m &m%tragﬁéé gyoc%&fe% 5 )gasw{saéaworﬁgaﬁtmné rom

ons
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gaseous car bon- cont ai ni hg conpounds,
suphdasdyairegem tcarbomdioxixtep canbda roniéxide,clvates thethase, ethane
f eedst ocks, GIL base st ock(s) i ncl ugwﬁm I i1ing
etﬂlwéeneub@tﬁienemonvah@ Rrapyene dyap¥Re ipaa%neéd aw om
di, st
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pro ow pour pbi nt

syfReGRz&d Bpdrocabons, Sthagareftnémgeqw@ﬂ@avdwﬂbﬁi sifipier gedous
or isodewaxed syntheS|zed hydr ocar bons;

cdrpdneconsunmag comp @mds shytbwgsedomiaguhg rcompmpsdh a(ld/lér xle)'nents

o FRodpiogis 000 Tobre I o Bl A Boilipe o iedybg ol BT
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ditviflaton %9 g ﬁn{mbﬁ %@m@&%ﬂg%ﬁ%&% 1% 83-knBwn

m Xt ur es t ereo 0039] GIL tock(s) derived

cataBmic@rlsolwdng dealagin eedsas to/produce lube oils of reduced/low pour
hydr oi soneri zed/ i sodewaxed F-T material derived base
pemm,okax)sonmratesi anmydgofcsmmpiea dydseisemeniaed omisodewaxed

|ved e stock(s), ar.e charaterl edt

¥ibesteed Y dresaibons; kdsGripormgn g anioeswRad BivehersTiopsch
( ﬁ-“f‘aigl@?e@%‘zmﬁgd%é@n& el BRtEA R, BARH oy POSIBRe
amaIBhSus Oxyhtes P pretefatly }@'ﬂr&mhkéd 6Fisbdewakdd-F-T
hydrocarbons or hydroisomerized or isodewaxed F-T waxes, hydro-isomerized

or isodewaxed synthesized waxes, or mixtures thereof.

[0039] GTL base stock(s) derived from GTL materials, especially,
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax derived base stock(s) are characterized
typically as having kinematic viscosities at 100°C of from about 2 mm?2/s to
about 50 mm2/s, preferably from about 3 mm2/s to about 50 mm2/s, more
preferably from about 3.5 mm?2/s to about 30 mm?2/s, as exemplified by a GTL
base stock derived by the isodewaxing of F-T wax, which has a kinematic

viscosity of about 4 mm?2/s at 100°C and a viscosity index of about 130 or



base stock derived by the isodewaxi ng of F-T wax,

whi ch has a kinematic viscosity of about 4 nMmR/s at
wa@s&md a viscosity index of about 130 or grBEr/E82007/023849

The term GIL base oil/base stock and/or wax isonerate

base oil/base stock as used hkfein and in the clains

is to be understood as enbracing individual fractions

of GIL base stock/base oil or wax isomerate base

gadarerk/ Tiesermi GTRshase oilirisedtdok dnfdéorowax isvimeratebiase @dltbase
m xtures of two or nore GIL base stocks/base oil
sfockcas vsesl karelino andix thesd amsisdo besmdststedd aAbembraging

indiichnlBatn s eire Thae stastirar Abkoven ﬁsoh“%eq%ftzﬂq”?éseockfbase
of Py %ﬁ\%@hﬁct?@ﬁﬁfOf’s%gﬁé’ﬁéhﬁ%ﬁf bbb gy Gy base

sRRRE/bALOSH Eaklibas §n%i‘ vxfa&ai%ﬁl@ﬂ#é Paﬁ”s%él{s%é oil fractions, as

I soner at e base stoc base oi raction(s)

wellbaiunéxtaredoflone! dr thlcastdnoteciosy nistositypGahobase Ia;tdnk(§)/l§ase oil
viscosity within the aforesaid recited range.

firetionen aadieos Medxnisomeratn dasea $t@Cl§QS¥b®$ﬁ i fnaég@n@) mtbhaone two
ST D4
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such as wax hydroi soner at es/ i sodewaxat es, can

hesedal taKianatic viscasitorgiens¢ataanedsutdrnent madmby @(S’BMemethod

further characterized typically as having pour points
5about -50C or |ower, preferably about -100C or

| oner, nore preferably about -15C or lower, still nore

[0040] €T abGTTahAe stocksUndBask 18 derivBd fiod €TIS AiRerials,

condi ti ons may have advantageous pour points of about

esptiillyolydroysomeridetisodesfaed o Trmprerial dedéedbasgtstock¥)and
to about -400C or lower. If necessary, a separate

othendydrejsemerizediisodewpxed wagederived bake stoek(sh.esugbAsrveax

o BBl R SO S0 B g o
uﬁg@we%tﬁgpléég%ﬂﬂeﬁm Gl ARG pRYAT S Thv Y BB DRt abour

especl
-5°C or lower, preferably about -10°C or lower, more preferably about -15°C or

lower, still more preferably about -20°C or lower, and under some conditions
may have advantageous pour points of about -25°C or lower, with useful pour
points of about -30°C to about -40°C or lower. If necessary, a separate
dewaxing step may be practiced to achieve the desired pour point. References
herein to pour point refer to measurement made by ASTM D97 and similar

automated versions.

[0041] The GTL base stock(s) derived from GTL materials, especially
hydroisomerized/isodewaxed F-T material derived base stock(s), and other
hydroisomerized/isodewaxed wax-derived base stock(s) which are base stock

components which can be used in this invention are also characterized typically



hydr oi soneri zed/ i sodewaxed F-T material derived base

stock(s), and other hydroi sonerized/i sodewaxed
wowroostiedsized base stock(s) which are base st OCRCT/US2007/023849

conmponents which can be used in this invention are

al so characterized typical l-yBb- havi ng vi scosity

i ndi ces of 80 or greater, preferably 100 or greater,

and nore preferably 120 or greater. Addi-tionally, in

a$ RAViaEViswsity Ghdiees bN80 angRSitery gﬁefaablw 100 8egreatert e more
base stocks may be preferably 130 or greater, nore

rpnity L e sty vty
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ase stock(s) are typically 'y paraffini

waikeainerallyigdvevisgessignindsriofinao Qﬁ?rezﬁéld Referemeas aerein to
m xt ures of nonocycl oparaffins an

visebsity indexs-rpfer 46 ASEM methodidd2210.on wi t h non-cyclic
i soparaffins. The ratio of the naphthenic (i.e.,

16941 P ReRLaddliof ME ST LSS HERLGP AR BReaPhiERY Fgffinic of
ghehtd thh 9B peddtht Bameated) and wiiyce@ntdiniaikeurés oy | ow
sul fur and nitrogen content, generally containing |ess

nidnacyelopataffifis ppdymudticy ctorparafins ¢acobimagiont with nabegyclic
.5 ppm.of each of these elenents. The sul fur and .
isoparaifjes dbArate obtheamap C GirGocky APRpraEYY confent in such

ot s bRl Sl TG EEHR, FES, OTC b
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gbRealls containihg lesscthumubeigtr ivesim, and more typically less than about
hydr ol soneri zed/ i sodewaxed base stock(s), such as wax

Sippomref aaclsof these alexeantss | The sulfisrcandenitiogenycenteptof Glidsbase
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[0043] Useful compositions of GTL base stock(s), hydroisomerized or

isodewaxed F-T material derived base stock(s), and wax-derived
hydroisomerized/isodewaxed base stock(s), such as wax
isomerates/isodewaxates, are recited in U.S. Pat. Nos. 6,080,301; 6,090,989, and
6,165,949 for example.

[0044] Commercial additive packages usually include, but are not limited
to, one or more detergents, dispersants, friction reducers, antioxidants, corrosion

inhibitors, and anti-wear additives.



inhibitors, and anti-wear additives.[0045] On-Iline
sensors are used in selected blend plants, but
wa@eojosseisent s of the conponent treats are nmade PERUSI00Y023849
since there are no mat hemati cal nodels to guide the
adj ustnent and correction. {If46] The present
i nvention includes a system and nethod that can
automatically blend the optiml formulation of a
[0045]i canOntknd&disorsidr uBe® irs ftedtbd GRiridoslants Tbet adjustments of
fol 'owi ng determi nations are involved both In system
thencbmp oend dreats. arGanadeamangpl hypsihetrthtere ate mpoatlenhaticad enodels
of | ab-scal e hi ght hr oughput experinentation
tq g%ﬁﬁitbﬁéél.usmem%ffﬁca@nt he optimal bl end
formul ati on based on the nodels as well as the raw
(00463 | @l TRE ?P&Eht RiveAfitn dRThdes adsysfith 4allinié&thb@ ehdtlcand
duri'ng or after blending based onn the nodels and the
aneasatically tlendthet dptinvdliodmd]apionchfct lubfioekAp mieetimultiple
sensors can _be used in the raw material and the
specshietipnsy odieciollosring detsrminationsaze Byokvadbethdn system and
congu_ter system [0048] The | ab-scal e hi gh throughput
PEY%rti ng and testing of Iubricants coul d be conducted
in a separate | aboratory or at the manufacturing site,
usi ng t he. Gerratingmathdniatival hodeisdsiuase ofilabiseake highe
| ab-scal e hi gh throughput blender could be a
thronghepui exiperimpntationsigehniqyesievi ce |i ke those market ed
by Tecan, Zinsser, or Synyx, or a custoned-nmade device
with a mninddpli ] :
cormer ci &1 7y e ElEtpimaend forifeth PR pr the models

a8 QueBlcasthe YaW eBtefibl/piopatties andasdsisn bi ot echnol ogy
appl i cations such as pharnmaceutical and nedical), the

model " Rop %«?h%%i’é;‘%ﬂei‘@%ﬁﬁﬁﬁegﬁ? %ﬁéﬁpﬁqﬁﬁﬁfgdﬁ‘as%%iﬁas models
; . d
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| deal |y the system fl uidshoul d be conpatible with the
[M47dci pl ©nclompsmsarsseanrbe wsed|inithe tawimatetialgand the blended

product tanks to send data back to the computer system.

[0048] The lab-scale high throughput blending and testing of lubricants
could be conducted in a separate laboratory or at the manufacturing site, using
the side streams from the production lines. The lab-scale high throughput
blender could be a commercial liquid handling device like those marketed by

Tecan, Zinsser, or SymyX, or a customed-made device with a mini-inline mixer.

[0049] Although most commercial liquid handling devices are designed for
aqueous systems (typically used in biotechnology applications such as
pharmaceutical and medical), the following modifications were made to adapt a

Tecan model RSP 100 robot to lubricant handling:

1. Change the system fluid from water (typically used and

recommended by the manufacturer) to a hydrocarbon. Ideally the system fluid



bl ended, to m nimze changes in lubricant properties

if cross contamnated with systemfluid. A |lubricant
wha®e/oetserk was chosen to be the system fl ui d, PeU/UR2001/623849
vi scosity matched to be hi gh enough to provide plug
flowin the tips (to mnim<zk eross contam nation) and

| ow enough to avoid stalling the syringe punps on the
Tecan. 2. The tapered part of the "wi de bore" tips

sﬂwldflﬁsaﬂn%dtm Vdttathewsiriple tcofmponentdiinghe Albridaat being
increase the diameter from0.8 nmto 1.5 nm This L
bidnsledctominimize changespn dubricant prdpswiesfif ierefis@ontaminated with
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pafipsron thedrezpged fol | owed by a delay b. Fast dispense
speeds ¢c. An air gap to separate conponent and system
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changd wh§inladers impsewsthielovolf @ighieavidcesity Ngbridagt components
conmponents fromithe source to the destination

irend aiihef the tihs. Alpudpgoral catl tkepblished to praiadé asharp edge to
di spense of |ower viscosity and high vol une
P se1iA capped ‘é’@{stfﬁ’él PRIHBS-provi des for fast rinsing of

the tips,after. dispensi .conponent.s. QL. In_sone .
cases, " bit anfEea PR AR 3 RN SEHS apl B v g P nized o
e R I RREE BT Yol Sl sarlR i pORIG | Thees included:
anount al readé added and neasured gabt he bal ance.

| naddi ti on,a- p3law pspirafingsipged daklewed by daday r om G bson

and Eppendq) T peaNidente Seeds

c. An air gap to separate component and system fluid

d. An air plug to dispense very small volumes

4. Heated blocks were added to lower the viscosity of lubricant
components in source containers. Also optional tips were made with heating
elements to maintain lower viscosity while transferring the components from the

source to the destination containers.

5. A pump was added to provide fast dispense of lower viscosity
and high volume components. Also the pump provides for fast rinsing of the

tips after dispensing components.

[0050] In some cases, balances are added to measure the addition of the
each component by weight. The addition of each component is adjusted by the

computer based on the amount already added and measured by the balance. In



incorporated in sone liquid handling devices such as
the Zinsser WnLissy system [0051] The | ubricant

w0 200806301 ons di spensed using the |iquid handl PEyUS2007/023849
devices is mxed in a Certonat BS-I heated incubator
fromSartorius for about 2 <4/ 5 hours at about 200-500
rmp, and at a tenperature between 50 and 80C. [0052] A
series of neasurenents are then conducted on the

addieiodepoditibe-disprtacenent pistitieg flom €Fibsorcand Eppenddirésan also be
KV), cold cranking sinmulator (CCS) viscosities,
incorperatdd insomehquidihasdlipg devices sudnastic Zinsiss Windgssya
Houi | | on vi sconmeter with automated sanpling system
SY§'®#h Cal i per Life Science is used for kinematic
vi scosity measurenents and a commrercial Cannon Cold

[695A)Ki NgTHe Mbrataat fariuitions dispehstausiigIhatipid hamdliy

[0053] TGA (thermal gravinetric analysis) is known to
dcmceisanecddanm@\cntomat BS1 heatedensubatordnom Sestorius for about 2

cribed. in thod 375. Using this nefhod,
t%ai@urSaat@évovha 0kmps g ahp ta@p@riaﬁﬁlrﬁ.bﬁgvvﬁ%gg andl 80C
evaporative weight loss in the TGA at a specified tine

[60829 M nAdebiés ol balGretdiftd 8fcaR6R cOhductéd oh ke Blepded!t
invention, a different approach was used to generate

lubGEradtst inchdinpkinehetie wisedsitisa&kV ) cbht ¢rankingasmulator (CCS)
described in.the procedure bel ow. [Equi prrent [Q054]. The
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vighdteliaant apGualed RempLis syose Ll Cybnet 1if% §5pke is used
&Slﬁﬂel‘ntdtl@@lﬁ% t?ﬂ%k&ferﬂe}t.@?xﬁ% A @Bhﬁnerzﬁ? 330k [V Cranking

es are reua I NSl equl pnent to ensure

Seifatsr (@TS pisrigsd $oroCCSanhtakirertianges are used to
protect the furnace and m cro-bal ance from bei ng

(BRSO O CarouhetFE ang B s) S KRGt o cpmFlare fo Noack
VBREREF LISl B AULcAReh 0T AR TS VR hR"

ure as reconmen
method, one calculates the Noack value by determining the evaporative weight

loss in the TGA at a specified time determined by running a reference oil. In the
present invention, a different approach was used to generate TGA data to

correlate with Noack volatility as described in the procedure below.

Equipment

[0054] The test equipmvent is a Model Q-SOO available from TA
Instruments, although other TGA units (for example, TA's Model Q-5000,
Netzsch 209C and 209F 1) may be used if an autosampler is available. The gas
flow rates are regulated inside the equipment to ensure sufficient amounts of
carrier gases are used to protect the furnace and micro-balance from being
contaminated, as well as maintaining constant flow rates for the proper control

of evaporation rate, respectively.



manufacturer is utilized. In addition to tenperature

calibration to ensure the proper furnace tenperature
w@oovBioeds)2 i nt ernal standards can be establ i shepPlCT/0S2007/023849

verify run-to-run repeatability and reproducibility.

At | east one sanple per everM 16 sanples is used as an

internal standard. The repeatability of the internal

standard is nonitored and recorded periodically.
(Rilibesiby € [ 0056] In order to avoid tenperature

overshoot, multi-stage ranping is used in conbination

(Bhas)." TR pg el B BBt dnseEomPORIE A AT
s DR S

prépseh Tafaet témpérahizt cohtrbdl, infeRfal dtandhAlicatt beCéiedbl AV to
to tenperature <40C Ot her tenperature ranping profiles

veafy nirsto-hm repeatabdity aAd repradpCibilitly0 05t7/lcasirone sample per every
autosanpler is used to generate data in_a, hi %h )

16 1spopigspsused e rn prigma Swndaisk el herrepegtahdity o1 the Huermab
requires (a) tare,the 16,enpty. pans in sequence, (b)
sfapfard; is éﬂl@%?@ﬁnié%ﬂéﬁﬁ‘i‘ BEH?#Eﬁ%ach sanpl e pans, and

(c) run 16 sanples in sequence. Sanple [0058] Sanple

Psoceduean range from 10 ng to 50 ng if 100 nL sanple
pan i s used. For comparison purpose, it is inportant

OO PR s R s PP O B go R RS0 S rétipin is used
it Q&ﬁbﬁﬁEiOBQﬁiWLn m&:‘?nagﬁit%ri% als giegﬁli&qi inthe eX MBI Ebelow:

pans t hrough pipettes. omat e I spensi ng system nmay
al so be used to accelerate dispensing rate. However,
the specalStegoheiamp @ 19Q fminygfsomambient gmpseatusolo
on top) rmlﬁogl@si gning the automati on system
difficult.

b. Stage 2: ramp @ 10°C/minute from 220°C to 249°C
c. Stage 3: maintain an isothermal mode for 10 minutes

d. Stage 4: cool down to temperature <40°C

Other temperature ramping profiles can also be utilized.

Autosampler

[0057] An autosampler is used to generate data in a high throughput
experimentation mode. The general procedure requires (a) tare the 16 empty
pans in sequence, (b) inject and weigh 16 samples into each sample pans, and (c)

run 16 samples in sequence.

Sample

[0058] Sample size can range from 10 mg to 50 mg if 100 pL. sample pan is
used. For comparison purpose, it is important to maintain as close to a constant

sample size as possible and also keep the air flow rates constant.



[ 0060] There are a nunber of sanple pans avail abl e.
Pl ati num or al um num pans can be used due to their
w0 p@soe3s8s and ease of cl eaning. Data Anal ysi sPED08)7/023849
Data can be plotted by measuring weight (loss or
retention) of sanple versus t®nperature or tine. This
is illustrated in Figure 1. [0062] Since nulti-stage
heati ng and isotherm are involved, a plot of %wi ght
[0689] ( bySewple/cdn bé Mjécted mrshmpdw pafyethedughr gipeniés.on
(by evera/ 5 wt % decrenent) versus time can al so be
ippensingsysigmadsaay alse bgased & amlmteadlsmnsmg rate.

based ffi
@5&%’ @éépgﬁ@?g%@% Eﬁ g%lagferéa%éf(‘lvjvgﬁ ' ‘zrs?\ﬂe? &HPE on tep) make

9% % Yis the tine in
dggéﬁyég%%fgggﬁfﬁﬁh L?ﬁkﬁgaggbht versus tine plots are
avai |l abl e, possible correlations can be established by
[a0G0]y zi n@Themaeare ampinebetaifsasgile peas aatilablee Blatinwin ddoduininum
measur ene (ASTM P5800- B net hod) np) e I'inear
paguean be gs@ﬁu%@ et iperdness and e&ﬁe af affeanwgof oi I's of
simlar formulation chemistry. This is illustrated in
Datd Wralydis Cl ean-up [0064] Frequent cleaning i s needed
to keep the systemclean and to avoid

(GG o “ Rt wtiobe PIRHSAc BReine ik PSR A
SRl Brichuh pllin, 1R S HuwBled M FRMRET, 0

procedure includes a quickranping to 700 or 7500C and
[0@62]t ai nBirpeanultiastage haqiingaand 'rsot‘mmaﬁe 415vcrtvenl;tae]slot of
burn-off all residues. [O Figure 3 shows

%wmhg s by exery %g/t%xwa@a@m}] gr YsieigBhrctention @a{rqvmé wt%
bl d t 0066 th

BB oRR) PP s M AL EEpplefl 0 ol a5, fhe Rt Auiop of o

sePHEIRE bREA 619 oPnBteqKOY) (< Qltribienk WRERS & the®owridh

retention to the original weight (i.e. 95%, 90%, 85%, 80%, 75%......) and Y is the

time in minutes.

[0063] Once the %weight versus time plots are available, possible
correlations can be established by analyzing the sample data set against the
actual Noack measurements (ASTM D5800-B method). Simple linear equations
can be derived based on a group of oils of similar formulation chemistry. This is

illustrated in Figure 2.

Clean-up

[0064] Frequent cleaning is needed to keep the system clean and to avoid
condensation/contamination carried from sample to sample. A visual inspection
of the hang-down wire and surrounding area is an effective way to determine

whether a clean-up is needed. The general clean-up procedure includes a quick



shear viscosity or HTHS), mni-rotary visconeter

(MRV), Brookfield visconeter, and base and acid
woeseers)2 and el emental anal ysis. Hi gh t hr oughpait/us2007/023849

| ubricant performance tests such as oxidation,

deposit, wear, corrosion, d&@®sfgency, and storage

stability tests mght al so be added. [0067] The

vi scometric, conpositional, and other performnce
rAApMFRLEND $HOTS0ACH dnid rﬁbﬁx@alhiﬂy atahax tehiperiugafor 36-45 minutes

described as a function of its conposition and sone of
tdhermoﬁ'pélrlteszehlemf |ts conponents: KV = f, (X1, X2,

Pi, P2, P - (1) CCs = JT2 (X1, X2 X3...,

[(ﬁ?ﬁ(%;é'\b ug&l% %/8 AN atﬁléh Q}ﬁmgﬁﬁm @gndg@ a’l’ldpéﬁﬁgz%gtp g’n in a

hibtican) blehll gYA. = f5(><1 X2, X3..., P1, P2, P3...) (5)
Brookfleld Viscosity = f6 (X1, X2 X3..., P1, P2

[(m‘66] p?_), ('?';16 g%)etr@%élzﬁp ghputftéstg Z{ge(cf( él'@yx fr(lgludelﬂlt appnot
ipgjed s 41 TR, GRRSIpesgs! Bafed sinitar i forighhompiapled; high
K | :

Sk iy oy G150 ok,

vﬁ@@ﬁleb&tl’f@@d basNIndradid dumbkrs, ¥2d elémental aaly$ia., High. . )
(13) Color = f14 (X1, X2, X3..., P1, P2, P3...)

throughsit Iabricantiperformengedestssnchys oxidation, deposit, mear,)
5An|nePont vge, X2, X3, .., Pi., P2

cprjolion. %qt'ssgeﬂeylﬁ%ﬁﬁage(s%@hw iy Tpight g Bofded, py,

P2, P3...) (17) Viscosity Index = f,8 (X,, X2, X3.

[61167] P2, PRe viscofnbic, bonipabitionat, efncBoth&iperl@mnéﬁise parameters

, P2, P3...) (19) Demulsibility = f20 (X1, X2,
f()(Sa finjshed JubricanPblend)capd®) described as a function of its composition

and some of the properties of its components:

KV =1] (X}, X3, X3..., P;, P, P3...) ¢))
CCS =1, (Xy, X3, X3..., P1, P2, P3..0) (2)
HTHS = f; (X, X3, X3..., P1, P2, P3...) (3)
Noack Volatility = f; (X;, X,, X3..., P1, P5, P3...) 4)
MRV = f5 (X}, X3, X3..., Py, P2, P3..) (5)
Brookfield Viscosity = f5 (X, X3, Xs..., Py, P2, P3...) (6)
Soot-dispersancy = f; (X, X3, X3..., Py, P2, P3...) )
Oxidation = f3 (X;, Xp, X3..., P1, P3, P3...) (8)
Deposit = fy (X, X3, Xj..., Py, P2, P3...) )
Wear = £}y (Xy, X3, X3..., P1, P, P5...) (10)
Sulfur = f}; (X, X3, X3..., P1, P2, P3..) (11)
Phosphorus = fj, (X, X, Xj..., Py, Py, P3...) (12)
Base Number (BN) = i3 (Xj, X3, Xs..., P1, Py, P3...) (13)

Color=f14 (Xl, X2, X3...,P1,P2, P3) (14)



Foam Stability = f2 1 (X1, X2, X3..., P1, P2, P3...)

(21) Acute Toxicity = f22 (X1, X2, X3..., P1, P2,
w3008/0§35022) Bi odegradability = f23 (X1, X2, XBCT/US20P1023849
P2, P3...) (23) Nitrogen = f24 (X1, X2, X3..., P1, P2,
..) (24) Detergency = f2R2X,, X2, X3..., P1, P2,
3...) (25 Were Xi, X2, X3... are the % vol % or
the nole fractions of conponents 1, 2, 3..., and P,

A3R,Cétdent = fan(X,aXs,uks.et, Pof P4 Pe..pr operti es of (15
correspondi ng co%nents 0068] The functions for
AmlisePpint gefis (¥s XmyKadi.f PePagPeadl y and may €16)may not

At N Ao 'I Py Dankoake o ‘°:. éﬁ?erZLS? Ihf e
Vige Y TP  fu mearGpr dper ilde Luch as kIS, and

'[Wl‘}fgxt?/u‘ﬁ (R}, epix0g. eppat,i p?ngoul d be used fergop

m Xt two conponent s’ h = X1 (In hl1+ Al) + X2
HelmulkubllityﬁéfzofXAOXf,Z@ y\Be,rIQ, R;i.9 the rheol og2@al

property of a mxture and_hi_ , and h2 are the

Feany $tepditdiig1 68 nptm ekt - rBscﬂzo& edl properti€3l) X1, X2
Af;‘c%m@%ﬁ@%ﬁ%s%@% e %?E?T?Qe”f nngESrZ?? e
Bt SR B 1 o
Mirbg&i e, @(opqszr f,‘es Wmapsgd,on)correl ati onsEx e 2 -

For frul at i on- Spéci Mbdel i'ng” Appr oach [0070] Figure 4
Deltergeney £IfanGh Xh X or, Py, ParBiul. ):ltl on-speci fi €odel i ng

approach when a formrul ati on-specific nodeling approach

WGESR o it SPLE G RUORE A Beng B s 1.

25PEC dndP Pg, | atdr@8 sEBTRIFehS propeRiBiBIRRE chbrégpdnting

Approach [0071] Figure 5 shows a flow chart for a
comppaestst nodel i ng appr oach.

[0068] The functions for these properties may differ greatly and may or
may not additionally contain these P; measurable properties such as viscosity,

BN, and oxidation parameter of the raw material.

Example 1 - Rheological Properties

[0069] For rheological properties such as KV, CCS, and HTHS, the

following equation could be used for a mixture of two components:
Inn=X,(Inm+A)+X;(Innz+Az) + Ag (26)

where 1) is the rheological property of a mixture and 14, and 1 are the
corresponding component rheological properties. X;, X, are the weight fractions
of component 1 and component 2 and A, A,, and Ay are constants. In general,
N1, and 1, are measured properties. However, in some special cases, 1;, and 1

are calculated from different properties based on correlations.



When a conponent nodeling approach is used for

rheol ogi cal properties, the A and A2 in Equation (26)
wae®@sneshf i ci ents uni que to Conponent 1 and Cop@DOS29D7/@23849

inall formulations. A0 is constant unique to the

formul ati on and can be obtai2kd from historical data

fromlaboratory or from commercial production. Exanple

4 - Linear properties [0072] Properties related to the
Exbemid s HommaldticanSpesifib Meddild Appraschr ogen, boron,

phosphorus, calcium magnesium as well as other

[ h Noack, ,b d '
LA O A e S
+fpeth it L EESRAEER SR oSl Shprofel o i Hidologieal
pﬁfztsértTé’s, #ie Al had Qor drbAp Eqratte(B8) ené cosffieturits asiquiito the
X2 are the weight fractions of conmponent 1 and

spenfiofiemmulatiof0 i s a constant unique to the
fornul ati on and can be obtained froma calibration

E?: ggg §r-%8r{1€5)r9£ﬁtl\ﬂ§% lﬂ[ HBfBa‘éﬂeri al producti on.

= onent formul ations
When the m xtures contains nore than two conponents,
[@0f1dt | onBigu2sp shaw's @frgwahertdepacdegponent modeling appgoach.
W hi +A) + A0.(28)T S X Ti + TQ (

9). W i, =
ha FomPenertmagelingappreash Is uﬁsarfObrf&e@iqg)%galfn?ﬁg?r:ﬂsﬁstﬁe A

o vz i s R 4561 e FGinet Mol it okilopRn 1 CBRonen
. . = , i 3
23y fnyfonsy 0 s cngafic i Hle frfplafinantl &8 be
obnadhet] framchiswrichl datayfrem latidratory wa fion bomeercial prddiiction.
dj) = (di - dj)2 [0075] The functions and the:

constants .for a given formulation or a given
Example 4 -ilnear progexlﬁes 9

[0072] Properties related to the elements in a blend such as sulfur, nitrogen,
boron, phosphorus, calcium, magnesium, as well as other properties such as
Noack, base number and acid number, the following linear equation could be

used for a mixture of two components.
T= Xl T] + X2T2 + To (27)

where T is a linear property of the mixture and T4, and T are the corresponding
component properties. X;, X, are the weight fractions of component 1 and
component 2. Ty is a constant unique to the formulation and can be obtained

from a calibration blend from laboratory or from commercial production.

[0073] Example 5 — Multiple component formulations ~When the
mixtures contains more than two components, Equations (26) and (27) are

expanded to:

Inm=2X;(Inni+A)+ A (28)



famly of fornulations are determ ned by building a
mul tivariate prediction nodel of the properties of

WO ni0gexsv2 from the conmponent concentrati ons apdI/UuS2007/023849
properties froma matrix of blends, using a sensible
design of the experinents (X¥). [0076] Wen the
properties of the conponents (Pi, P2, P3,.) are known,
t hese equations can then be sol ved sinultaneously to

obtain a conposit4 a9, +Xi = 60 X2 = 10/ =
6.0...) neeting t er%ggggfﬁ]é‘bti ons of KV, CC?%HS

W&%lﬁ é./?ltghi lity, MRV, Brookfield viscosity,

soot’-di spersancy, oxidation, deposit, wear, sulfur,
phosphorus, nitrogen, base nunber, acid nunber,

[0@T4r genExample el Nomd inéer bdending punpsionisi dhedlunctions f; are
interest. |f Itiple solutions are, found, the | owe
nghEmitegitpdineas ANy AYJYBS .o%pﬁn Higar Elms&lioaus eag%él,e- For
o%)ti [n',zed sol utions may be based on the availability
CEPMR % ert ai n conmponents. [0077] When the optim zed

reci pes are cal cul ated, the conputer can schedul e the

pl anned prod e . and y&ont . dd3e s to

add the ri gh?ﬁgm%g'ggq@ghpn’gr{%%’sx% %(ti?é 8}))%{ ?&i%ne (30)
bl ender or the bl ending vessels.[0078] If the bl end

made is found outside of the specifications through

qual ity assurance testing, the nodels are used to

adj ust the blend by cal cul ating the additional

Vifhienetiiorij ase all oc arsubset afdntoondinasd deardedlublityr omaghehunction,
of fspecification blend to the specification range.
ST Gh=I(Piredikensors can be installed in the

conponent and finished [ubricant tanks to send signals
[667 52] he COHPWiRdticnsSndthe EBRstantd 16! & gf\feﬂfl’omma@%n' dr'¥given
sensors are processed and adjustnents are made if

faaile o dosmulatiogs hivedetetnhiaed biydalildimgl e nsultiy 080 ]prédietion
connecti on between the conputer and the various,
mixdel o8 thecpropartigs< interesty somdthe cpopenpnicaongenirations and

PRSBSOS
(BbB:)pnponent s, but would

[0076] When the properties of the components (P4, P P3 ) are known,
these equations can then be solved simultaneously to obtain a composition (e.g.,
X, =60 X,=10,X; = 6.0...) meeting the specifications of KV, CCS, HTHS,
Noack volatility, MRV, Brookfield viscosity, soot-dispersancy, oxidation,
deposit, wear, sulfur, phosphorus, nitrogen, base number, acid number,
detergency, as well as the other properties of interest. If multiple solutions are

found, the lower cost option is usually chosen. In some special cases, optimized

solutions may be based on the availability of a certain components.

[0077] When the optimized recipes are calculated, the computer can
schedule the planned production blends and control the valves to add the right

amount of components to the in-line blender or the blending vessels.



utilize an establish database of typical values for
each of the conponents. The adjustnent factors for the
whb@sgeisorl d then be nodeled in real tinme, w tPCT/082007/023849
bl end conponent ratios adjusted dynamically with the
integrated target of neeting24 he specifications on the
finished tank. Wth proper flow netering of key
conmponents, and the total blend, these dynamc
[0678]at | OIfthe rbléiﬂt’m@dﬁimfdﬁnti%umdé df theospedficatibhs direngh
vari ance to nodel the deviations fromthe typical
qpabipyerssurscotestingstheonagelnera wsed/togeipyst Flaﬁ béndrbm qalcylating
(26) .abov we coul d use val for

thﬁhacﬁiqéggai GRahtiOee of Fertain GOHIMPABQFRaRY Rxbipe
sheERIQTBIR 48 g et iclion R O e g LS A € 29

dynam cally converge to the target properties, within
[0079]acc uOmel;'tn@sertsts ¢anghet instaligt pothocompenéntand dirgsiresl
This uses the well known pri nC|{)I e of caonbinin

lvhriqanpfanksite sead signplsfte rﬂh@‘an@ﬁu W¥eghal be agaagﬁﬁ deom the on-
i i nformation to obtaﬂ%(’ I%ﬁ%ccurac h teqgrat ed h
in SEROLS FHPIOCE TR AU INBRaTE T oSty g, the

hi gher the accuracy of the integrated
n&)ﬁﬁ&ghresﬂ{)&%N M5: 1. A nethod to bl end conponents
to forma lubricant having a predeterm ned
[@08Mact eThe cpanessinprhaiwagn tha campuienand Hie various devices could
ggﬁ racteristic froma nodel that relates that
a YHESStic as a function of the anount of its

conmponents and properties of the conmponents. 2. The

[0681]od OA mdtafaleitenbipnaifithisiavéntimt wonld equéreerona peidry
usi ng | ab-scal e hi gh throaghput bl endi ng and testing.

kaowwdgermftth@ @r@peruesaoﬁth@ infvidual batohgs pf eampenentachut would
&i}gé ggg(setra %ataggéeugte ty%pc%I Values for gafchtoq'ethe componelgts The

adjustment factors for the blend would then be modeled in real time, with the
blend component ratios adjusted dynamically with the integrated target of
meeting the specifications on the finished tank. With proper flow metering of
key components, and the total blend, these dynamic variations on key
components would provide sufficient variance to model the deviations from the

typical properties of those components.

[0082] For example, in equation (26) above, we could use typical values for
N1 M2 and A, and estimate A, and A, dynamically. While the estimates of Al
and A2 would not be as accurate as a well designed experiment, the blend would
dynamically converge to the target properties, within the accuracy of the high-
throughput or in-line sensors. This uses the well known principle of combining
multiple pieces of information low signal-to-noise information to obtain a high
accuracy integrated result. The higher the throughput of the measurement

technique, the higher the accuracy of the integrated blend result.



Noack Vol atility, MRV, Brookfield Viscosity
Soot - Di spersancy Oxi dation, Deposit, War, Sulfur,
weh@spbssnzs, Base Nunber, Col or, Ash Content, PCI/U52967/023849

Poi nt, Acid Nunmber, Viscosity Index, Turbidity,

Dermul sibility, Foam Stabilit35-Acute Toxicity,

Bi odegradability. Nitrogen And Detergency 4. The

nmet hod of claim 3 wherein said predetermn ned
CllyiMsteristics are described as KV = (X1 X2, X3...,

P1, P2, P3...) CCS = f2 (X1, X2, X3. .., P1, P2, P3.

.. HTHS = f 3
) . ggl(lod tx%len)égcomponents ﬁ) form a lul)rlcant having a
predetermined characteristic comprising determining the characteristic from a
model that relates that characteristic as a function of the amount of its

components and properties of the components.

2. The method of claim 1 wherein the function is determined using

lab-scale high throughput blending and testing.

3. The method of claim 1 wherein said predetermined characteristic

include one or more of the following:

KV,

CCS,

HTHS,

Noack Volatility,
MRV,

Brookfield Viscosity
Soot-Dispersancy
Oxidation,
Deposit,

Wear,

Sulfur,
Phosphorus,
Base Number,
Color,

Ash Content,
Aniline Point,
Acid Number,

Viscosity Index,



Noack Volatility = f4 (X1, X2, X3..., P1, P2, P3.. .)

MRV = f5 (X1, X2, X3. . ., P15 P2 5 P3...) Brookfield
wok@sneisty = f6 (XL, X2, X3..., Pl, P2, P3...)PCT/US2007/023849
Soot -di spersancy = f7 (X1, X2, X3..., P1, P2, P3...)
xidation = f8 (X1, X2, X3.-26-Pl, P2, P3...) Deposit
=f9 (X1, X2, X3..., P1, P2 P3...) Wear = f10 (X1, X2,
X3.. ., PL1, P2, P3...) Sultur = X1 X2, X3. . ., P1,
Tdebid ,...) Phosphorus = f12 (X1, X2, X3..., Pl, P2,
P3...) Base Nunmber (BN = f13 (X1, X2, X3..., P1, P2,
De@ulsipil@y] or = f14 (X1 5 X2 5 X3..., P1, P2 5 P3...)
Ash Content = f15 (X1, X2, X3- , Pi, P2, P3-. )
Foam $tabilibgi nt = 116 (X1, X2, X3..., P1, P2, P3...)
Aci d-Numher (AN) = f17 (X1, X2, X3..., P1, P2, P3...)
A\?Pteggg’u“tc index = f18 (X1, X2, X3..., Pl, P2, P3...)
e F19 (X1, X2, X3..., Pl, P2,
BE%“&‘%% sibility = f20 (Xi, X2, X3..., Pi, P2, P -
Nitrbgerm Stabi lity = f2 1 (X1, X2, X3..., Pl, P2, P3...)
Acute Toxicity = f22 (X1, X2, X3..., Pl1, P2, P3...)
ABidddetgrgamapi | ity = f23 (X1, X2, X3..., P1, P2, P3...)
Nitrogen = f24 (X1, X2, X3..., P1, P2, P3...)
Det er gengy . .f il . wher e
X1, X2, %(3. . .e rgl?%l%té h]Uef c\ﬁl% §<\§%l?°6‘/8‘“§3“‘“1 El?efzdﬁ{t:)é?ré“?%dact i ons
cRira6RrBReLaedeberiBed & .. and P1, P2, P3... are a

subset of the properties of the corresponding
KE 8. Xaa dbr Podtirohs are made using functons
(ﬁsg f?E]XLB? ,9@3_--'-1191% 2?1935.955 inraw materials
HTHS = f; (Xi, X3, X3..., P1, P2, P3...)
Noack Volatility = f; (X, X, Xj3..., Py, P, P3...)
MRV = {5 (X, X, Xj3..., Py, P2, P5...)
Brookfield Viscosity = f5 (X, X3, X3..., Py, P2, P3...)
Soot-dispersancy = f; (X, Xj, Xs..., P1, P2, P3...)
Oxidation = f3 (X, X3, X3..., P1, P2, P3...)
Deposit = fy (X, X3, X;..., Py, Py, P3...)
Wear = )y (X, X3, X5..., P, P2, P;3...)
Sulfur = f}; (Xi, Xy, Xj..., P1, P2, P3...)
Phosphorus = £, (X, X3, Xj3..., P1, P2, P3...)
Base Number (BN) = f}3 (X, X3, Xs..., P, P5, P5...)
Color = fi4 (Xi, X,, X3..., Py, P, P3...)
Ash Content = fi5 (X, X,, X3..., Py, P5, P3...)
Aniline Point = fi4 (X;, X5, X3..., Py, Py, P3...)
Acid Number (AN) = f}; (X, X3, Xj3..., Py, Py, P3...)
Viscosity Index = fi5 (X1, X2, X;..., P1, P2, Ps...)
Turbidity = fi4 (X, X5, Xj..., Py, P2, P5...)



and finished product tanks. 6. The nmethod of claiml
wherei n bl end adjustnents and corrections are nmade
wa@lgwansised | y usi ng an integrated feedback | oopPCTUSZINE023849
nmet hod of claim 1l wherein said functions result in
reduction of variations in-23%Mished |ubricant
characteristics between 30 and 90% 8. The net hod of
claim1l wherein said functions result in reduction of
Deatiilsibilitys= f,p (Xi,iX536d..| BRrR,cBAL.)characteristics
between 50 and 90% 9. The nethod of claim 1 wherein
FeaindStability Folas (X e sXu, 85 n, Pedacki.on of variations in
fini he_d,lu_b{J gﬁnt C raci)er' s?i cs between 75 - 90%
Argte hoxigith ol §Xopkn fiszes h442b endi ng of raw naterials

to. forma.] ubtki tyhayi ngppredet erym ned
B&?]%eigé%{g??]ilgﬁ @igg’rr&’iag?‘h'gPg’)lg%%?'al)ni ng a nodel that
. S ckargct erp spi tp a conbi nati on of the
I\{lgggénrgt e%fglé’ hﬁgb’j’ Pdé?&e’?ﬁi"h?ng t he conbi nation of

Dretergemdyerifal (X, X,f Xg.m,tBheP),B3r.irant having the
predeterm ned characteristics froma series of nodels.

e Ry ek e SE P80 b PPt (R s DeolfiRfiny 1.2
301, &1 TPL, PUT tdiEl suBSRIIfShe ?rdbd&tiést SPthefcofRlp Aiitlin
neasur enents on the bl ended fubricant and adjustin

compogentei nation of raw materials. 12. The met hod of
claim 10 wherein said predeterm ned characteristic

i ncl ude §<V ’Th%cgéthglgl_(l)%clal\l?naf lévh\é?!ci{riltblllerllci deustments and

corrections are made using functions base on the on-line sensors in raw materials

and finished product tanks.

6. The method of claim 1 wherein blend adjustments and

corrections are made dynamically using an integrated feedback loop.

7. The method of claim 1 wherein said functions result in reduction

of variations in finished lubricant characteristics between 30 and 90%.

8. The method of claim 1 wherein said functions result in reduction

of variations in finished lubricant characteristics between 50 and 90%.

9. The method of claim 1 wherein said functions result in reduction

of variations in finished lubricant characteristics between 75 — 90%.

10. A method to optimize the blending of raw materials to form a

lubricant having predetermined characteristics comprising

a) obtaining a model that relates the characteristics to a

combination of the raw materials, and



MRV, Brookfield V, Soot-D spersancy, Oxidation,
Deposit, War, Sulfur, Phosphorus, Base Nunber, Col or,
wW@ev80aasvent , Aniline Point, Acid Number, Vi scPGI/U§2007/023849
I ndex, Turbidity, Demulsibility, Detergency Foam
Stability, Acute Toxicity, -B®degradability. N trogen
And Detergency 13. The nethod of claim 12 wherein said
predeterm ned characteristics are described as KV = f,

(X1, X2, X3.b) de@lmnﬂﬂgnt_l?@combuﬁ@%n-offraw(ﬁiaterlli&, to form the
X3..., P, P2 HS = f3 (X1, X2, X3 , P1,
P2, P3...) lubrlcant having the predetermmed characteristics from a

series of models.

¢) optimizing the combination of raw materials based on raw

material costs and availability.

11. The method of claim 1 further comprising the step of making
measurements on the blended lubricant and adjusting the combination of raw

materials.

12. The method of claim 10 wherein said predetermined
characteristic include
KV,

CCS,

HTHS,

Noack Volatility,
MRV,
Brookfield V,
Soot-Dispersancy,
Oxidation,
Deposit,

Wear,

Sulfur,
Phosphorus,
Base Number,
Color,

Ash Content,
Aniline Point,
Acid Number,
Viscosity Index,



Noack Volatility = f4 (X1, X2, X3..., P1, P2, P3...)

Oxidation f5 (X1, X2, X3..., P1, P2, P3...) Deposit =
WO g0ogMd3s0X2, X3..., P1, P2, P3...) War = {7 (pAT/UXD07/023849
X3. . ., PL P2 P3...) Sulfur = f8 (X1, X2, X3..., P1,
P2 5 P3...) Phosphorus = f%2%4, X2, X3..., P1, P2,
P3...) Base Nunber (BN) = f10 (X1, X2, X3..., P1, P2,
P3...) Color = fn (X1, X2, X3. . ., P1, P2, P3...) Ash
Teebidetyt = f12 (X1, X2, X3..., P1, P2, P3...) Aniline
Point = f13 (X1, X2, X3..., P1, P2, P3...) Acid Nunmber
Demwmpibdify14 (X1, X2, X3..., P1, P2, P3...) Viscosity
Index = f15 (X 1, X2, X3...5Pi, P2, P3...) Turbidity =
Defergenay x2, X3..., P1, P2, P3...) Denulsibility = f16
X1 .X3..., P1, P2, P3...) Foam Stability = f17
F%’%T,Ség?“%..., P1. P2, P3... )Acute Toxicity = f18
A%&ﬂe T&%icités- .., P, P2 P3- ) Biodegradability = f19
X1, X2, X3..., P1, P2, P3.. ) Nitrogen = f24 (X1, X2,

Bfddegraddbility?2, P3-- ) Detergency = f25 (X1, X2, X3...,
P1, P2, P3...) where X1, X2, X3... are the w% vol %
Nitrogée nol e fractions of components 1, 2, 3. .., and
P1, P2, P3... are a subset of the properties of the
WPE@an conponents. 14. An autonated system for
| ubri cant manufacture optimzation fromraw materials

conpri si 0y, arhémmiisod of clginaravhéargin suid prateserntined

rel ate predeterm ned characteristics to a conbination
cbéractenistias erci dessribed asreans for using these functions
to forma lubricant to

KV =1, (X}, X3, X3..., P, Py, P3...)
.CCS =1, (X}, X5, X3..., P, Py, P5...)

HTHS = f; (Xi, X3, X3..., P1, P2, P5...)

Noack Volatility = f; (X, X, Xj..., Py, P, P5...)
Oxidation = fs (X, X3, X3..., P1, P2, P3...)

Deposit = ¢ (X, X3, X3..., P1, Py, P3...)

Wear = f; (X, X3, X3..., Py, Py, P3...)

Sulfur = fg (X, X3, X5..., Py, Py, P3...)

Phosphorus = fy (X, X3, X3..., Py, Py, P3...)

Base Number (BN) = f}y (X, X3, X3..., Py, Py, P3...)
Color = f}, (Xi, X3, Xj..., P1, P2, P3...)

Ash Content = f), (X, X,, X3..., P;, P5, P5...)
Aniline Point = fj5 (X, X;, X;..., Py, Py, P3...)

Acid Number (TAN) = i, (X, X3, X3..., Py, P2, P3...)
Viscosity Index = fi5 (X, X, Xj..., Py, Py, P5...)
Turbidity = f}5 (X, X3, X5..., P1, Py, P3...)
Demulsibility = fi¢ (X, X3, X3..., P1, P2, P3...)
Foam Stability = f}; (X, X, Xj3..., P1, Py, P3...)



having a particul ar predeterm ned characteristic. c)
means for using these functions to optim ze the

W@ oooBiesEd: on of raw materials based on costs 0PCT/US2007/023849
availability of the raw materials. d) neans for
nmeasuri ng the properties of-3(he bl ended | ubricants and
make raw material adjustnents according to the
mat hemat i cal nodel during the manufacturing process.

Acute Toxicity = fig (X;, X3, X3..., Py, P2, P3...)
Biodegradability = f19 (X, X3, X3..., P1, Py, P5...)
Nitrogen = 4 (X, X, X3..., Py, Py, P3...)
Detergency = 5 (X, X3, X3..., Py, P2, P3...)

where X, X;, X3... are the wt%, vol%, or the mole fractions of components 1, 2,
3...,and P, P,, P5... are a subset of the properties of the corresponding

components. -

14. An automated system for lubricant manufacture optimization

from raw materials comprising

a) means for generating functions that relate predetermined

characteristics to a combination of raw materials,

b) means for using these functions to form a lubricant to

having a particular predetermined characteristic.

¢) means for using these functions to optimize the
combination of raw materials based on costs or

availability of the raw materials.

d) means for measuring the properties of the blended
lubricants and make raw material adjustments according
to the mathematical model during the manufacturing

process.



