AN AUTOVATED | NTELLI GENT SYSTEM FOR LUBRI CANT MANUFACTURE OPTI M ZATI ON
BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to a system
and net hoatof2008/désdaei cant manufacture. In particul ar, thecirrseowioess4y el at es
to the blending of raw materials to forma |ubricant having predeterm ned
characteristics. [0002]In the prior artl-lubricant blending is based on
fixed formul ati ons generated from | aboratories. The raw naterials used are
usual |y derived from petrol eum processes and there are significant

bat ch-t o- bat ch ARTABTOMATHDINTEIICIGENE SYSTEMEOR LUBRICGANTs such as
viscosity and nmetal contents usually reflect the variations in raw

materi al s. The vari ati ons MANGRAGEEREADBTEMIAAMION in fini shed

| ubricants are the limting factors for continuous inprovenent in blending
capabilit — : A WO t cations such as volatility and

sul fur co i clommvicicinmr oftot i ve engine |ubricants, making it
even harder to blend lubricants neeting nultiple specifications

[ 0003] Rec 000V andée praséntinventionrrelattsctio dosystem agd meethad feglpbeicamtw hi gh

| evel of automation in |lubrjcant blending, Howeyer, |]jttl rogress, has
been nmade Manuasiueesimparticularsihgdavention &lptesio b;lﬁﬁ‘{é'?gﬁ “8’5 atefiglss and

finished lukricant.optim zation., [0004] The At i nvention includes a
system an&obﬁ%{rﬂ& “PBEaWt[P&V?%REedﬁ%ﬁ’a‘f%& aég&gﬁ ich the finished

| ubricants manufactured using this system and nethod are a conbi nati on of
raw nat er i[8082} hat Inebkeiptior artplubribantdzlending\s basedradfixed fomadations
characteristics. Furthernore, these |ubricants show significant reduction
in vari at igemerated {tose taboratoripsiot he ray anaigsialsused arousuglivderiy crrorme

| NVENTI ON 100051 The presenf .invention.is e d a h | en
conponent getroleum procéasses and there are s1gmﬁcant%a%(\,lhs-%o-g]a&:ﬂ varlaﬁ%hs.()d to blend

Therefore, the finished oil properties such as viscosity and metal contents

usually reflect the variations in raw materials. The variations in raw materials as
well as in finished lubricants are the limiting factors for continuous improvement
in blending capability. In recent years, new specifications such as volatility and
sulfur content had been added to automotive engine lubricants, making it even

harder to blend lubricants meeting multiple specifications

[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.



to form |l ubricants having predeterm ned characteristics. This is done by
using nodel s that relate |ubricant characteristics to a conbination of the
anount s oloraes/ossioeri al s (conponents) and characteri sti esT(Uscapmeeisies) of
the raw materials. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] Figure 1 shows a
graph of weight (loss of retention) vs.2¢ine for a sanple according to the
present invention. [0007] Figure 2 shows correlations based on a group of
oils of simlar formation chem stry. [0008] Figure 3 shows a schematic

t hawi ng of SUMBMARY DI EHE OINVIENTEYNt em of t he present invention.

[ 0009] Figure 4 shows a flow chart for a formul ation-specific nodeling

appr oach, 1089 £p Thesps Pt TEoriionRg SRERLAER ENBORIABTE POPCRERder n
| ubri cant 9,830 bRl R ASASEATHSA Yk RNAIEYThRN cBre bg%{ggi@ct ur ed

to nmeet nu e Specitica S suc I'C viscosity ranki ng
si nul at or rﬁbéél@ﬂhét)fela@é\mb‘t%'aﬂi ¢Hdradteridticddotd cuinbinaion of el Qﬁobﬂu@ﬁﬂl ng
| ubricants with fixed formul ati ons cannot account for the variation in raw
mat er i al s.rabvmatetials (conpromdutsy angd tchamictepistids (propetties) dbHthedawt inategialeeed t o
be adj usted based on blends at the | aboratory or by using mathenati cal
nodels. T ]geiﬁgc it ' [ tem and net hod i ncl udi ng
| ab- scal e Frgh—thtotgnptt brendingand- testing, nathematical nodel i ng,
on-line sensors, and | ubricant manufacture autonation.

[0006] Figure 1 shows a graph of weight (loss of retention) vs. time for a

sample according to the present invention.

[0007] Figure 2 shows correlations based on a group of oils of similar

formation chemistry.

[0008) Figure 3 shows a schematic drawing of one embodiment of the

system of the present invention.

[0009] Figure 4 shows a flow chart for a formulation-specific modeling
approach.
[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.



- 3 - [0012] Mbst of lubricant blend plants essentially use fixed
formul ati ons today. In sone cases, the basestock ratio is adjusted to neet
a base oiwoO(2008/0sB39eral oil) viscosity target (MOV). SomecCiraiseéocanisibl end
pl ants have been using nore sophisticated nodels to guide |ubricant

bl endi ng by adjusting basestock and vi-stesity nodifier treat |evels to neet
viscosity targets. The present invention is an innovative and novel
extension of this approach by conbining mathenmatical nodeling with

hi gh-t hr oqnbmw% | alvigstad fubti el ibién Bpni @detitial BnusaUiastefor@ilationsr i cant
Addi tives [0013] Lubricant additives or conponents include, but are not
limted tapday.shosomg cased] fhedrasestdels paticsiaradgystetbteemgetnia basepmiliforpoi nt
depressants, oil thickeners, palyisobutylenes, high nolecyl ar wei ght

pol yal phadﬁéﬁﬂsqll)dHWQMrt?‘%@F (M@Vbr%%@e ebrienmh b ndplenis s been

i bi  or Sig B SR sl FRRBlSto e biereaBe Bleb e BBURET oo

contai ni ngc%d%dg%bﬁ 8Rd Yscbbiey fddifiér édtierddid fn/‘é@fsviséé‘s(iﬂ' t%?gsétﬁr TR¥anpl e

m xtures I spersants, detergents, antiwear/extrene pressure agents,

ant i oxi danjreserd éRdrtioni is a8, inseaitivevsld iovgl egrension ofthistapproavhdiyf i er s,
corrosion inhibitors, antifoam additives, and pour point depressants. High
vi scosi ty dompbiningnmethiemdticabmaseling veithbight-thnoughput dab-scade blending.and i er s,
pour point depressants, dispersants, polyisobutylenes, and high nol ecul ar
wei ght pol Bradbetien e4tomationd additi ve packages containing one or nore of
these high viscosity lubricants. The discl osed nethod of bl ending |ubricant
addi ti ves usrithnP 23dditive- di spl acenment [|i qui d-handl i ng equi pment met hod al so
all ows bl ending T0 be done with m nimal chemcal, thermal or physical

o end. — + 0F31; ocaditipanbafdinurLor srmasarLs GG Bl At dimiss kﬁE&L‘;ZQt
bl e . diapbld s . . B:knoy
and 1w 1t CRPY bR iorcPEis. WRREGUTE o R DI ke ARG = 0L, T e

el evated t u : 1g§§5emg1pllnglééiu§&q$g Kt 861vh bRMRASr at ures.
[ 0015] Sui ttgﬁkgﬁg‘fs’s%??’ oy i fingie ﬁ(?]y pha

ity i'ndex i nprovers include high nol ecul ar wei ght

( pol yrer i ointiwehtexaehepresquoe ygaitey atmxidants desiulyifiers) sealiswyedlovg r
di spersants that function as both a viscosity index inprover and a

di sper santagemspifiietiommlodifi¢rar camosion inhibitenseard prfifpany addiives; @s weedlasabout
10,000 to 1, Q00, 000, re typically about 000 .t o 500,000, and, even nore
typi cal | y RFEIQTBEARCE P a%é,cﬁgt?l%‘ﬁg B ,rééﬁ.%%?eéﬁi%ﬁrﬁi?é’gﬂpg Vg$, WEh@Asp) e

Vi scosity 4 I r o, Ererl!;tte yl at e,

but adi _ene,fogggﬁhg&%ﬁgﬁkﬁg%&g%%r%ﬁ%g?n%o%%%%@?ﬁe% i gﬁgépommnl y
used Vi SCOglehi, aiSxidafiR! @4ALLsi ¥ Sl sﬁéllﬁlgtﬁ%%n’t@, $Gewort shodifikers, i nprover is
pol yrmet hacryl ate (copol ynmers of various chain 1ength al kyl mnethacryl ates,

f or exanpl@yrrrossamninhilsitors) @itifoam additinéss And| pour peintedepsessants. Phight

depressants. QO her suitable viscosity index_inprovers i ndc,l ude copol yners of
et hyl ene aviscqsitydybeeants iycdnde dwh areanes lvaited i otisaosity neadifiets; AWC and

| SOPLETe, S0 RS 8L SRR e R ARG ot oo
3\; |ygr;ﬁ'?e hysi99BRa6 R fink 308 208Ri Ve PARKY IR cottainfheldR 5tméR o P@Rsd Righc ul ar
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.



[0017] Vi scosity nodifiers are used in an anount of about 1 to 25 wt % on an
as received basis. Because viscosity nodifiers are usually supplied diluted
in a carrwenoevoesiokuent oil and constitute about 5 to 5@CWMIZR@C23889
ingredient in the additive concentrates as received fromthe manufacturer,
t he anbunt of viscosity nodifiers used4n the fornulation can al so be
expressed as being in the range of - 5 - about 0.20 to about 3.0 Wt %
active ingredient, preferably about 0.3 to 2.5 wt% active ingredient. For

ol ef i n copWisyasty Mudlifiéngr ene- hydr ogenat ed i soprene copol yner viscosity
nodifier, the active ingredient is in the range of about 5 to 15 % in the
addi tive trates fromt manuyf act ur er e anount qf .the. viscosity
o 11 er s MOLE | 1° NiReosD npdiiedh Gl RS s T RuRERERandissBiny ©n ¢ he

range of . 9 : i .apout 0.3
range,of  SHU) fiatReld o BTGk SiONG dhf by EAbcPARRSABMIRPOUT

oi | -1 nsol umnege QutHBES %pa_tt%hemwﬂi?y 8t aw@t_@a@&nﬁaaaﬁeé,%a_ta%péﬁhmekeep

t hese byproducts in solution, thus dimnishing their deposition on netal
surfaces. Jisxpiyaahdw tempetaturashl ess or ash-forming in nature. Preferably,
the dispersant is ashless. So called ashless di spersants are organic

mat eri al s joli) 07 B SUBRLAOLLA) a0 ASILVIPORARIIHISH RGealBE wERARP!

non- net al i ni Nng Or borate ree di spersafits are cons

ashl ess. | RoidridHyd H8IrBbnE Polyisttird and 91sRbSieN iledt iffprov@digRynts or m ash
upon conbu ?i on. ?08”15] Sui tab?g% spersants t;’;ﬁpi cal | gﬁjgont ai ?\I%; pol ar group
attached tthatafunhetiah ay dbth &ivigeosity acdekamprevertindhydisperaatitorlygiedln. The pol ar
group typically contains at |east one el enent of nitrogen, o(i%aen, or
phosphor ugnolpgplas aveighta of thess polumearsse behvegmatsmt (18, W oap WbHA0G:t ons .

[ 0020] Cheni cal | ny di rsan be,characterize henat es

LU £ onar edho pisalB aboph 20 0B20 DaiH0s, i ENH ARt bveicalnoBeerabiit

car banat e 0 é(m 9&@?8@%5%, phosphorus derivatives. A particularly useful
class of dispersants’are the al kenyl succinic derivatives, typically
produced by the reaction of a |ong chain substituted al kenyl succinic
conpound, [08L6] | y Examples olisuithbieviscosity indhy dampreversarerpelymers/andir oxy or
pol yam no conpound. . The |l ong chai i

S AR T E i
LY. KON SRR, o s RATTASE Bl Befutheersant

Nos. descry;ki i i r in their
T e B R R e

length alkyl methacrylates, for example), some formulations of which also serve

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



3,316,177; 3,341,542; 3,444,170; 3,454,607, 3,541,012; 3,630,904,

3,632,511; 3,787,374 and 4, 234,435. O her types of dispersant are descri bed
in U S Rsoentsoebiwz. 3, 036, 003; 3, 200, 107; 3, 254, 025; 3peTAIS2&M/0284938, 757;
3,454, 555; 3,565, 804; 3,413,347; 3,697,574; 3,725,277; 3,725, 480;

3,726,882; 4,454,059; 3,329, 658; 3,4495250; 3,519, 565; 3,666, 730;

3,687, 849; 3,702, 300;

about 0.20 to about 3.0 wt% active ingredient, preferably about 0.3 to 2.5 wt%
active ingredient. For olefin copolymer and styrene-hydrogenated isoprene
copolymer viscosity modifier, the active ingredient is in the range of about 5 to
15 wt% in the additive concentrates from the manufacturer, the amount of the
viscosity modifiers used in the formulation can also be expressed as being in the
range of about 0.20 to 1.9 wt% active ingredient, and preferably about 0.3 to 1.5

wt% active ingredient.

Dispersants

[0018] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus diminishing
their deposition on metal surfaces. Dispersants may be ashless or ash-forming in
nature. Preferably, the dispersant is ashless. So called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considéred ashless.
In contrast, metal-containing detergents discussed above form ash upon

combustion.

[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



4,100, 082; 5,705,458, also incorporated by reference in their entirety. A
further description of dispersants nay be found, for exanple, in European
Pat ent Apwbi2eesiieasvzNo. 471 071, al so incorporated by refPerase@7ionssis s
entirety. [0021] Hydrocar byl -substituted succinic acid conpounds are popul ar
di spersants. I n particular, succinimdeé,- succinate esters, succinic acid
am ne salts, succinic acid derived imdazol es or oxazolines, or succinate
ester am des prepared by the reaction of a hydrocarbon-substituted succinic

aci d conpeenterpseliudilag!iv thavilng lﬁimiaﬂ?Sat (ﬂ?lsﬁbﬁ@%h&ﬁf;x@ﬁp iMaryhe hydrocar bon
substituent, with at least one equivalent of an al kyl ene ani ne or hydroxyl

al kyl ene mn@lm@f thes type wif aisperaane brd we][ldtﬁﬁﬁzh&mmmrmal@ean@mtﬁeor med by
t he condensat i on reaction between al kenyl succini¢ anhydrides and am nes.

Mol ar r?t i ?Icsira&rn \aneylni@lryeldeﬁhrp@te@gs Nos. ¢rseyibingaichpispessantpland t he nol ar
Lot 5 1 eBbtaEhBY ritsteritt it heif Sat@el asea TR AR MBI 960657, 036,
3,172, 8924 3”’5\%% 63684311 332-7?4 4%933%%% 703 D P @5@3@@@% 336?{@110'”00 and

Canada Pat’ whi'ch "ar &1 n¢orpor at éd erence in

their entiypgp374 99@&]2@40433513@&6?%9}%550%1?6}%%% be/scmedcmmﬂsnpabh@n
reaction bétween al kenyl “succini c anhydri des and al cohol's or polyols. Mblar

rati os carNasaB)O360(73 3 Zlm)daﬂ’ﬂ;l 31@541625113:,255;56I4Q)B 438,150), $AS4 Y. For
exanpl e, the condensation succinic anhxdri de and

pent aer yt 3@ 5804;s3, élib§é7uf687§§ér §67|3t5 27[76)527 5Slﬁ%|3n-é§%8%%t”e ShRv%es are

l kanol a0 Bor 4B 2R €51 8360 as B o R ngr e Pher GaC AR ot e
pol yal kyI FSOJY()'SWSQEQSO ﬂ{cﬂwxgzgtb‘éﬂﬁe?ﬁjeﬁ@% fyines! %ﬁ%%nt?esA‘i‘u er description

pol yal kenyl-p Iyaim nes s yet ene po nes e exa e IS

propoxyl ato€fdh gemei@uﬁm faxtexﬁieﬂpl@:mmua@peaa RaaA pslicitionNewn i n
U. S. Patent No 4 426, 305, which is incorporated by reference inits

entirety. 4700PH] 7o inconponated byeefenenasfintitseendire@ny| succi ni ¢ anhydri des
used in the

[0021] Hydrocarbyl-substituted succinic acid compounds are popular
dispersants. In particular, succinimide, succinate esters, succinic acid amine
salts, succinic acid derived imidazoles or oxazolines, or succinate ester amides
prepared by the reaction of a hydrocarbon-substituted succinic acid compound
preferabiy having at least 50 carbon atoms in the hydrocarbon substituent, with
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



precedi ng paragraphs will typically range between 800 and 2,500. The above
products can be post-reacted with various reagents such as sul fur, oxygen,
f or mal dehyoeposomsisoxyl i ¢ aci ds such as ol eic acid, and porars2acmpssunds such
as borate esters or highly borated dispersants. The di spersants can be
borated with fromabout 0.1 to about 5 %h®les of boron per nole of

di spersant reaction product. [0026] Manni ch base di spersants are nade from
the reaction of al kyl phenol s, formal dehyde, and am nes. See U.S. Patent No.
4,767, 551,depehéihgi ¢h ih'&@édlﬁﬂ@fr(p@ghﬂ uged Byr egimprNtrR. coideasaiongroduand
catal ysts, Such as oleic acid and sulfonic acids, can also be part of the
reacti on robanalkenisueciniaanhyairigietandafentderythiritgl islaarseful dispegsantsr om 800 to
2,500. Representative exanples are also shown in U S. Patent Nos.

3,697, 574;[0?{21?]03% S ;cgﬁraZeoéstﬁrgéﬁhid%s fre-fotfired @e%&@f%?%ioéregggo&ﬁém%ﬁf

3, 803, 039, are reln i ncorpora erence in

entirety. J]R434lhy¥dihied 'dgiaegrah@f@uélaﬁbl WRiERt RirieRAmipl€ s@ﬁhglerm@aﬁdled

Manni ch condensati on products useful in this invention can be prepared from
hi gh - 8 aminmes éelhide ethekglatedpdlyblkylndyamiresgptopoxplaged onat i cs or HN(R) 2
group-cont ai ni ng. react ants. Exanpl es of hi%g nmol ecul ar wei ght

f

0028
al kyl - subﬁlqlYQlkﬁbothBi%@?aﬂéFFQ!X%]](@b’Wﬁﬂmin&ﬁ sugibas/ pelypthydenenol |
pol ybutyl phel\nol and, ot her Iﬂol.g/al kyl Eagn ts. Tr} SR | yal kyl phenol s can be
obt ai ned RPIYHBINGS Nk SXAMPIE PWé’yoﬁg Pe‘ﬁ gxagRe EX e&B&VﬁHF?'ng catal yst, such
as BF3, OfRQ{}@g@W%&Jﬁ&;}@QS IR S Pin W.%@@%dﬁ%k@ﬂe\whﬁﬂ'iybmy' ene,

and ot her paoly ene conpounds to give substTt’uents on the benzene

ring of phagéipofdyd bg raferévc iadss dfifet00, 000 nol ecul ar wei ght .
[0029] Exanpl es of HN(R)2 group-containing reactants are al kylene

pol yam nes j nci pal | ol yet hyl ene. pol yam nes. .Qt her represent.atjve

or gani ¢ cdpﬁgéiwds g@mép%cp}érg‘(e%g@a%ﬁtﬁg eﬂN? P?}%’"@‘F@Hbygﬂ b\ 19(5113 use in

the preparatio i t t d i ncl ude
the tono. Mrerind et RRICOPRANS, hBRs BEGHF Rl £30p, JheuBoge” ' e

et hyl am ”gpréﬂﬁictg'cﬁﬁ BRHst-AEHCRRT with YaRbuS rétigdfits\@eh a8 slfur,RIx§REALNE di am ne,
di am no napht hal enes; "heterocyclic am nes, "e.g., norpholine; "pyrrole,

pyrrol i di fermaldetigdalcarboxyilitaavids slicheas deid auidyanddionen companhdseswhdast hei r

substituted anal ogs. L_OOBO Exanpl es of al kyl ene pol yam de reactants i ncl ude
et hyl enediborigesstars or highdy borated dispersantsi diheydisprrsaits cambe horatedwitiet hyl ene

pent aam ne ent a yl ene hexam ne,.hexaet hyl en ept aam ne,.. hept aet hyl ene
oct aani ne,fr%"g‘taé’é’flﬁbi etﬁeaq’t%ﬁgdﬂ?]ﬁé,OfhB%PWﬁBﬁe&dgﬁ&ﬁﬂgre%@ndecaet hyl ene
undecami ng)rg&q m xture of such am nes having nitrogen contents

correspondi ng %o the al kyl ene pol yam nes, in the fornmula H2N-(Z- N1H)"H,
mentioned before, Zis a divalent ethylene and nis 1 to 10 of the

f or egoi ng [0026LI a. Manniek bescidispersenisyire madgdigmithaiegactiosiofas propyl ene
o am e el lohends i E e AR ShE N b ol i S 1
obtained by iﬁ&?p&rea?é:& fxé)r@inoﬂy FPIRUNCR. PPSkess 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



-9 di hal o al kanes, such as dichloro al kanes. Thus the al kyl ene pol yam nes
obtained fromthe reaction of 2 to 11 noles of amonia wwth 1 to 10 nol es
of di chl owoabésame®2having 2 to 6 carbon atons and the clriconiSo@s/ 023849

di fferent carbons are suitable al kyl ene pol yam ne reactants. [0031] Al dehyde
reactants useful in the preparation of-8he high nol ecul ar products useful
inthis invention include the aliphatic al dehydes such as fornal dehyde
(al so as par af ornal dehyde and formalin), acetal dehyde and al dol

(0- hydr oxyrulexn ki dediyhiealky Farbstihsied Y droxy aforh &t cseordd NYRp; grioapdi ng r eact ant
is preferred. [0032] Hydrocarbyl substituted am ne ashl ess di spersant
addi t i ves comdaidingcicactadis. f or 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 which are

herei n i Ny al el giel 6 AlknohOARI IR EhENKs . ishRgEgant s | ncl ude

borated a non- bor succl es, 1nc i ng” those derivatives from
NDNO- sucCiidibafromatis -corsdundsiagepolyprofiydphefiok! polgbut9iphEas-andvther

bi s-succi ni'm des, wherein the hydrocarbyl succinimde is derived froma
hydr ocar bypadyakyglphepoksuchheae ppbyiajkydphertols eare b abtainedbyvthadlkfrationabout 500
to about 5000 or a mixture of such hydrocar b)f:l ene groups. Qther preferred
di sper santthe presenee of ar alkylating¢afalyst, speh an BFanefipiienol with high

| kyl ph | ppl i ne- | ed i ch adducts, thej d, derivati , d
ot her 1 of APBirel AR Rl BN TERpenPUE RS <0l el FTRREK BRount of about
0.1to 20 o f : Y - e’ t
[ 0034] conv bR G AT tstfhchs O e elfzche e (T denERAARERR, 1

i rrprovers)a‘@pagetm)(ﬁqid@,QOOQn@laeulqpmogﬂtti ons of the present invention if
desired. These pour point depressant nmay be added to |ubricating

i et he 0020k v i of HIYRD: erOunoniine retr e ALK IGR <ot abl o

pour poi nt .S e :

ol yar yl afEEnfRS Riic bRy RIS BRIIELODARGE, Jothap RpfEa R Eeanic. - o
conpounds ,co\{ﬁﬁbﬁnd‘é%ﬁ)hﬁb)iﬂi_hgta‘% 16t yAE HN(RONSréyy fitablefor et islkidd kyl f umar at es,
vinyl esters of fatty acids and allyl vinyl éthers. U S. Patent Nos.

1, 815, 022;preparhfipid 48 ManriéH cd8densatiGs praditts &e66&] kdd®n adddhcludd the
2,721,877; 2.721,878; and 3,250,715, all of which are herein i.ncorporated
by ref er erfaenoganstdi-praingsalkanesang theiyi sybstatrdanpdogss ehartbylamtae ghdpar at i on

e . °
et oo e oAk hieS R RN GiRas, o PR bRl MGt 10 5 W%
naphthalenes; heterocyclic amines, €.g., morpholine, pyrrole, pyrrolidine,
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



Typi cal Additive Amounts [0035] When |ubricating oil conpositions contain
one or nore of the additives discussed above, the additive(s) are bl ended

i nt o t he wornpeswicsioen i n an anmount sufficient for it to perfuseoniotms49 nt ended
function. Exenplary anpunts of such additives useful in the present
invention are depicted in Table 1 beleW.- Note that many of the additives
are shipped fromthe manufacturer and used with a certain anount of base
oil solvent in the formulation. Accordingly, the weight amounts in the

t abl e bel althalaalkdies, arhaishichlor®alkases. eTkisetheadkylond pelyantaensbidined! osur e,
unl ess otherw se indicated, are directed to the anount of active ingredient

(that is tfhennbareastionmf 2ptor il molesfofiamemonip withdritio) 10 miedesvafi ght per cent ages

i ndi cat ed hel ow are based on the total weight of the lubrjcating oil
conposi t i shchlpegalkanes haymecato @ﬁathﬂnsatemsvaﬂitbﬁghMmes ORritTerant Conponent s

Appr oxi mat e r oxi ma Co und % (Usefu % (Preferred) Viscosity
Mbdi fi er 1-FEPBSAC S&@F&Bﬁ'ﬁ@%&‘%ﬁ%ﬂq lfaé%%ger sant 0. 1-200. 1-8 Friction
Reducer 0. 01-50. 01-1. 5 Anti oxi dant0. 0-50.0-1.5 Corrosion
| nhi bi t or (003150. 0 AldehydeAractantsarseAddn the pfepafatii. @fithe hijghumokegubar
Depressant 0. 0-50.01-1.5 . L. . .
products useful in this invention include the aliphatic aldehydes such as
formaldehyde (also as paraformaldehyde and formalin), acetaldehyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[0032] Hydrocarbyl substituted amine ashless dispersant additives are
disclosed, for example, 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 which are herein incorporated by

reference.

[0033] Preferred dispersants include borated and non-borated succinimides,
- including those derivatives from mono-succinimides, bis-succinimides, and/or
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



Anti - f oam Agent 0. 001- 30. 001- 0. 15 Base G | Bal anceBal ance [0036] G oups I, 11,
11, 1V and V are broad categories of base oil stocks devel oped and defi ned
by the Amwoi2e@meB®2rol eum Institute (APl Publication 150@T/useau7APis4drg) to
create guidelines for lubricant base oils. Goup | base stocks generally
have a viscosity index of between about080 to 120 and contain greater than
about 0.03% sul fur and/or |ess than about 90% saturates. G oup Il base
stocks generally have a viscosity index of between about 80 to 120, and
cont ai n | gxahRpoire® IBRhmpResaliuitableGtiir polirteppetdarts ¢aélade t han or equal
to about 90% saturates. Goup Ill stock generally has a viscosity index
great er t hymbymbthatryl2@s apulyacyiaies; polyesylantides, condensation predusts oD. 03 %

sul fur andagﬂr’eater t han about 90% saturates.., Goup IV includes

pol yal phadiatopasaffirpuayes apdbaomaticeompaundssvinyt cabexplatepalysors ang:

[ | uded i |- ]V, ble 2 i L h h

(v or ountrponpBRediallo RREaes SHAVES A DO BRY Rk ERa Rl FORDL By T natex

Group | <99% AN, 95931209 B, 7 251 SRAE 23y, 5b1 9986 3. 03% and
2,666,746; 2,721,877, 2.721,878; and 3,250,715, all of which are herein

incorporated by reference, describe useful pour point depressants and/or the
preparation thereof. Such additives may be used in an amount of about 0.01 to 5

wt%, preferably about 0.01 to 1.5 wt%.

Typical Additive Amounts

[0035] When lubricating oil compositions contain one or more of the
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



80 and < 120 Goup Il 90% and 0.03% and 120 G oup |V Pol yal phaol efi ns

(PAO G oup V Al other base oil stocks not included in Goups I, II,
[11, or IWO2008188®Z] Base stocks having a high paraffini ecmasheoienises and
saturation

-11 -
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

[0036] Groups I, II, III, IV and V are broad categories of base oil stocks
developed and defined by the American Petroleum Institute (API Publication

1509; www.API.org) to create guidelines for lubricant base oils. Group I base

stocks generally have a viscosity index of between about 80 to 120 and contain
greater than about 0.03% sulfur and/or less than about 90% saturates. Group II
base stocks generally have a viscosity index of between about 80 to 120, and
contain less than or equal to about 0.03% sulfur and greater than or equal to
about 90% saturates. Group III stock generally has a viscosity index greater than
about 120 and contains less than or equal to about 0.03 % sulfur and greater than
about 90% saturates. Group IV includes polyalphaolefins (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.



nature of greater than 90 wei ght percent can often be used advantageously
in certain enbodi nents. Such base stocks include Goup Il and/or Goup III
hydr opr ocwe=eas/wssokydr ocr acked base st ocks, or their symrChatSc@7o3sas er parts
such as pol yal phaolefin oils, G| or simlar base oils or m xtures of
simlar base oils. - 12 - [0038]GIL ffh2erials are materials that are
derived via one or nore synthesis, conbination, transformation,
rearrangenent, and/or degradati on/deconstructive processes from gaseous

car bon-cont ai ni ng conpounds, hydrogen-contai ni ng conpounds, and/or el enents

as feedst d8038lsuch Gl materaajs are matasials thabaregderived Ha ONEOEHO8e, wat er

met hane, et hane, ethylene, acetylene, propane, pro ene, propyne, butane,
but yl enes SYH S‘Bu?%ggl.au@#ttr é"g‘[‘tb@k§e%rﬁ%flﬂ? toﬁdéorare GTL material s of
| ubricati ' ' ' ] -carbons, for
exanpl e m@%@éﬁ? ﬁ)éfsel}é%%% c;t/%;eg’ég‘?%g%i{,‘rb%ﬁré%%g%g&frkéﬁr?g Fyaglgﬁ_&e_ri ved from

si npl er g%ﬁ%nﬁﬁrl{}%ogﬁﬂbéﬂltﬁl%@@ﬂ%@uﬁdﬁ antsedaRents @8 fédditdtsks compounds
and/ or el enents as f'eedsSt ocks. base stock(s) include oils boiling in

t he | ube auth hohydrogenacaybos dpavide,axtthoramionoralee waterpme@inenethane.al s such

as by, for exanple, distillation or thermal diffusiqn, and subsequently
subj ect ed ethylorg, acriydene, BEanang: propylengoprapyne defane.Rytylese #8ds to produce

tube oils.of redyced/l ow pour {nt: wax i rat es, .ising, for
exanple. TS Sok CassBRkS el bite s 7 RS S AR AR

hydro-i so J L Vo8 "m 5 SR (o (i.e.,

hydr ocar bﬁ%‘{ogﬁgyggtﬁ;%gg@%?{ggggﬁbégxes iggg&;g&s}gléggeﬂ;%% 0 P(;euvgé”L xygenat es) ;
pr ef er abl ¥yhihdsiobs BFaFdcassbria! tHat afteitRiRElvVes Tefiyed G biRsle Baseous

hydr oi sonmeri zed or isodewaxed F-T waxes, hydro-isomerized or isodewaxed
synt hesi zedrhwaxesntaimingicorpoesds, hydegen-¢Jappdaingitompamndstandkgrelementsv ed
fromGIL materials, especially, hydroisongerjzed/isodewaxed, F-T materi al

deri ved bél‘§ée%QS&Qkés)C{rPIarb@s‘?ﬁ‘ﬁék(sﬁWﬁ'lkb‘ilesg&%lai)li'@ﬁllpébﬂﬁamﬁhgﬂ?\ll%gderi ved
base stock(s) are charact.eriz tvpisal Ly as hawvi ng, Ki i ciViscosities
at 100C Ofr«{aqgeoﬁpgbagﬁ@rf@chﬂ%tgg&orﬁ@%’f}?n%%er@é/sg?h ng}" t:&gg%é}nf) #COm about 3
m2/s to nre W o about 30
me/ s, as@gﬁg%ﬂ%ﬁf%é@?fal?& Eﬁ%ﬁﬁgéélgd g@o%ﬂﬁﬁgﬁ @gﬁ&g?&% e isodeVLV\I/gxi ng of F-T
wax, whic féa’(hgﬁi@ok&meéiﬁtddwaﬁiﬁg peddeysenfto poodicedubeBils ofitedited/lawcour
viscosity index of about 130 or - 13 - greater. The term GIL base oil/base
st ock and/pointymexiisemeraitse chepeisuig, fornewmnmplochkydroisoswtizied osiispdemaxed t he
clainms is to be understood as, enbracing. individual fractions, of L base

f
st ock/ bas 8yBthesiged hydrocaghpnsa hudipssemerized op asadeyiaxed F15chet ] £oR$N n t he

product i on.pr J4 Xt ur, / oi |

product | onROR3 R (e r skt ep e TR e Sl a g AROSEL |

m xtures GhaRjpdudoxy &és)ggfe@eﬂasw Ny dr6RiderizZed lor ResRwaiked I ¥) / base oi |
fraction(s) and/or X 1sonerate DBase stock(s)/base oil fraction(s) with
one, two diydrsoaebdnsgdr hwdvoissirteyized lor istelewaikod E¢ F)wWabas chydrb-isometizedh( s)
and/or wax isonerate base stock(s)/base oil fraction(s) to produce a
dunbbel | ordsadenraxedisynthigsized syaxesxor mixtures thergebsity within the af oresaid
recited range. Reference herein to Kinematic viscosity refers to a

measur ene de by:HS Prived FHBRAOIE makanss, ehpsdigilyand base oils
derived f:[ggqs%n nggﬁg%iﬁbggg%ci ally rhydroi sor?eri zéd/ sode}svaxed F-T

materi al  dgudroiedmerised/iodewased Fal inattisl derivadd dase swick cdridsodienaxed
wax-derived base stock(s), such as wax hydroi sonerates/isodewaxates, which
can be usdydasisbmetized/troldewanpdmaertderiyedthabe stoskes) areehasaeteriged her

characterized typically .as havi ng pour poi of. .about -5C or. | ower,

pr ef er abl Wﬁ‘l&‘éﬁl’ as %Gﬂ%rkm%‘%ﬁl? V%&P%‘“ﬁ? g? ’e‘?‘i@ 9I~ Q’BHh%‘JbQ"f?’rdnB}Z/ ?g?/\er, still
nore pref - [/ may have
advant age%@%%@n%P%ggshpé%ggbgﬁﬁ?é%%%gp%%or ét%v{\ﬁtsg\)qﬂg{g %j?ﬂ%rgur_ poi nts of
about - 30Grbferaf]9 Ytom4Bbul3 .5 AneYs td dbdie 30SARYS, a§e§€1ﬁ?liﬁ%é wWearating step
may be prdacticed’to achieve the desired pour point. Referencés herein to
pour poi ntbasebwicktderived dyrtheisudemmotenghyf PITiMaROWhathchasi akinamatiot onat ed
versions. [0041]The GIL base stock(s) derived from GIL material s,

especi al | yisspsiyiod ahert 4 aan2sc dRxe and-atvigeqsity; index ef abay 139<¥ st ock(s),
and ot her hydroi soneri zed/ i sodewaxed wax-derived base stock(s) which are

base stock components which can be used in this invention are al so
characterized typically




- 14 - as having viscosity indices of 80 or greater, preferably 100 or
greater, and nore preferably 120 or greater. Addi-tionally, in certain
parti cul awvoiznsstmpsnes, Vvi scosity index of these base st o®k3I/usago7ioe3ss9
preferably 130 or greater, nore preferably 135 or greater, and even nore
preferably 140 or greater. For exanplel3GIL base stock(s) that derive from
G| materials preferably F-T materials especially F-T wax generally have a
viscosity index of 130 or greater. References herein to viscosity index

refer to AgtiMereTheteri? &7, bddsiPbhse aad¢k hhdYor waRdsémbrapabesesdibblides) are
typically highly paraffinic of greater than 90 percent saturates), and nay
cont ai n nisteck as uséd heretre yanidapdhetlaims istecberundarstpol @s gartadfings i n

nbi nat i i.th - [ i ' ffi . T ti, f th ht [

o M it e iohs Rf ST PReESer Basamnar ModuRETate bage ot IBasEat al yst
dt d., .F h il b t ock il i |1 h
very +ow <t PfeckREr D Y B cushibn mp0Seupiis MBI indls Grliiskan dvout
10 ppm a%&ﬁ?@as& YRl £ &dtiohs!a@dFort é’)?ég? AteDakP gﬁg@%s/gﬁﬁabi??rabﬁﬁlg% a§l ements.

The sulfu nitrogen content o ase stoc n se ol tai ned by

t he hydr oiwéliras nriaturen6f smslereno ognire Fow vistosity ATL bagestoelk(sybhseloihax i s
essentially nil. [00431Useful conpositions of GIL base stock(s),
hydr oi sondraction(9randéerasmaicomerate hase stack(s)thase od drastion(Dtwith 083, twnd

Soner at QT BUBR TSR ET Bare Sack)/Des b achiabes) SaTBs 0T

6, 090, 989,. . 4 ; P X

o, 090; 929, 30afe iR 03 Pro R APafio OO LB ERMEEL Rty Sokisiooes
di sper santifie bidndd:ibitd 5@%;6&5[[")6 wathin fhe eRdsaid feRite@sarpe. IRéYeRincer s, and

anti-wear additives. - 15 045] On-l11ne sensors are used in sel ected
bl end pl afteseinhotKiadmasit vistosity refehetoconeanasinent anids byr ASTiMienetieedial | y
since there are no mat hemati cal nodels to gui de the adjustnent and
correcti of?44D046] The present invention includes a system and method that
can automatically blend the optimal fornulation of a lubricant to neet

o1 SO RSk S B TL e Ve b
| ab- scal e d3pedially hededisohetxaisodewhadd BT hretdrivl @leeived base stock(s), and

other hydroisomerized/isodewaxed wax-derived base stock(s), such as wax

hydroisomerates/isodewaxates, which can be used as base stock components of

this invention are further characterized typically as having pour points of about

-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



2. Determning the optimal blend fornul ation based on the nodels as well as
the raw nmaterial properties and costs. 3. Adjusting the blend
duri ng orwef2evoshioendi ng based on the nodel s and t he neasurisp®nng3sen t he

bl ended product. [0047] On-1ine sensors can be used in the raw material and
t he bl ended product tanks to send datals#ack to the conputer system

[ 0048] The | ab-scal e hi gh throughput bl ending and testing of |ubricants

coul d be conducted in a separate | aboratory or at the manufacturing site,

usi ng the gSiHACiH Visedsityl ih@fﬁebMSDr&Cg#_éétEQipréfeﬁﬁﬂ% 100&r|gaéates; ahd nidrgh
t hroughput bl ender coul'd be a commercial ['iquid handling device |ike those
mar ket ed Iprefeeatzly, 1 20i orgreater.oAd8irtiprallyrinaedtast partidulan destatwes cdswisity a

mni-inline mxer. [0049] Al though nos; comercial |iquid handling Vi ces
are desi griBdex of thege basesStagks BAX betnjﬁfeé%hw 39%@?4{%%@@&%8#@39/ 1%

oo 2 o St ) RESE BRIy 0 kG d ARG e o
handl i ng: stdckﬁ% t&ﬁiﬁ%ﬁ@fﬁ@ﬁl PRkt a! etfé}aBB/eF-qu @@Erf&l@e%{éggﬂl s in the

| ubri cant bel to mnimze changes I'n ricant efties if

cross contydit péricrallyvhhve & widcopity indek ofA 30ubr greart. Refaentesdiersimtochosen to
be the systemfluid, with its viscosity nmatched to be high enough to

provi de pluiscositypundex tefer toi ASTM method D22@0cr oss cont ami nati on) and | ow
enough to avoid stalling the syringe punps on the Tecan. 2. The

t aper ed pa[pg4l [ they %&@ﬂfﬁnb G EP%e @wc%@sa%intiﬂgﬁ’@ygﬁ@]@ )?ﬁfa?ﬁﬁiﬁtof( on a

di agonal ) . Ccrease e draneter from i'S change was

made to i nREAYLIHADT p&toed sahireiRs), AP contalrMitibpsitofconponent s in and
out of the tips. The diagonal cut is polished to provide a sharp edge to

pi er ce sephancaehmrhraffasandndubicytloeparaffins in combiBatidmwithspon-ay¢ling and

di spense speeds _and del %s were optimzed to handl s wde a ragge of
vi scosi t y iseraraffinst &'he ratioof the sapyhenic{hes 6y¢lapa ) conterd] 18\§USRpi r at i ng

speed fol lc%mn?tgnggor?s \gaerieaswa%h tl'lzeaese}talc)i/ists " tse?npse?a%elges used. Further, GTL base
stocks and base oils typically have very low sulfur and nitrogen content,
generally containing less than about 10 ppm, and more typically less than about
5 ppm of each of these elements. The sulfur and nitrogen content of GTL base
stock and base oil obtained by the hydroisomerization/isodewaxing of F-T

material, especially F-T wax is essentially nil.

[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.



c. An air gap to separate conponent and systemfluid d. An air plug to

di spense very small vol unes 4. Heated bl ocks were added to | ower
t he vi scosDt2gosafe3zoabri cant conponents in source contai N@CI/US20080233p¢ | onal
tips were nade with heating elenents to maintain |ower viscosity while
transferring the conponents fromthe sdfirce to the destination containers.
5. A punp was added to provide fast dispense of |ower viscosity and high
vol une conponents. Also the punp provides for fast rinsing of the tips

after disge045Ng CORARERESsors AROMen SeRetedAsiend phatsibaeadiasenédsied to
nmeasure the addition of the each conponent by weight. The addition of each

conponent the canipoatetiréats ateemadermananllp aied theretdne namoathematicaladgdeldded and
measured by the balance. In - 17 - addition, positive-displacenent

pi pettes fioamidy hesdjustnerbprdheemrection al so be incorporated in sone |iquid
handl i ng devi ces such as the Zinsser WnLissy system [0051] The | ubricant

formul ati qpa46f SPeNIRpresint Inddiioh! iftiudedaRGHtbMbar®neR that ddnxed in a
Certomat BS-1 heated incubator from Sartorius for about 2 to 5 hours at

about 200-aufématigallyeblénd theoptimpkfamulsidreofie ubri@nttdm8eGnulti}fle2] A seri es
of measurenents are then conducted on the blended |ubricants including

ki nemat i ¢ speeidisationesTh{gllowingeterarptionssarmingelyed bothp systeanand es,
volatilities, and other physico-chem cal properties. A Houillon visconeter
with aut ofiPESFSsanpling system from Caliper Life Science is used for

ki nematic viscosity neasurenents and a commercial Cannon Col d Cranki ng

Si mul ator (CCS) i s lus@enératinguiathematicslmeodels by W8 3F TAbAsdcdldhighnl
gravinetric analysis) is known to correlate to Noack volatility

measur emertheougbpueexparbeentaiomgThnigesod D6375. Using this met hod, one

cal cul ates the Noack val ue by determ ning the evaporative weight [oss in

the TGA at a specihi | . ] ' AT Ilalcl N the
present invention, fzaegﬁ er elﬁgttg‘f)gb@g‘gh%é‘g%ﬁ@{égﬁ%@ng}%%‘gdr gﬁg&r@&dglast ato
correl at e agiviéll Noefekrawomatdrial pyopratiéesed tésedl i n the procedure bel ow.

3. Adjusting the blend during or after blending based on the models

and the measurements on the blended product.

[0047] On-line sensors can be used in the raw material and 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



Equi prent [ 0054] The test equipnment is a Mbdel Q500 avail able from TA

I nstrunents, although other TGA units (for exanple, TA' s Mdel Q 5000,

Net zsch 290Coesm@d3009F1) nay be used if an aut osanpl er i #Canskéoalobis49 The gas
flowrates are regul ated inside the equi pnent to ensure sufficient anmounts
of carrier gases are used to protect thé6-furnace and m cro-bal ance from
bei ng contam nated, as well as naintaining constant flow rates for the
proper control of evaporation rate, respectively. - 18 - Calibration

[ 0055] The ghoultbe eambbtiblei with BioseatipR esmparsmarintedubyicdm defnuf act ur er
Is utilized. In addition to tenperature calibration to ensure the proper

furnace t eriprdest, to minbnizechangest iorlnbricat pndperties ifaarosrecantaminatedhwitht o
verify run-to-run repeatability and reprqducibi]lity. At |east one. sanple
per every Sy8tesmABidsA; lybricant base stpck ey chaseniq a&pedsysm?ﬁeﬁie\&ttmswty of

pe ot ke BRGS0 B SR T 0000,
| comi nahidRhil &i3saRohaRERALI anBIbhah BN dE ASLIdaIng thegyasarP! ¢ bel ow

a. Stage 1: ranp m nute trom anbi e erature-to St age 2:
ranp @ 10tgumhpyiée the Deeas?0C to 249C c¢. Stage 3: mmintain an isothermal node
for 10 mnutes d. Stage 4. cool down to tenperature <40C

2. The tapered part of the “wide bore” tips purchased from Tecan
were cut (on a diagonal) to increase the diameter from 0.8 mm to 1.5 mm. This
change was made to improve the flow of higher viscosity lubricant components
in and out of the tips. The diagonal cut is polished to provide a sharp edge to
pierce septa capped vials and bottles.

3. The aspirating and dispense speeds and delays were optimized to

handle as wide a range of viscosity and sample size as possible. These included:

a. Slow aspirating speed followed by a delay
b. Fast dispense speeds
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



O her tenperature ranping profiles can also be utilized. Autosanpler

[ 0057] An autosanpler is used to generate data in a high throughput

experi menvatznenedsdde. The general procedure requires (apCrarseoniessis enpty
pans in sequence, (b) inject and weigh 16 sanples into each sanple pans,

and (c) run 16 sanples in sequence. Sahple [0058] Sanpl e size can range from
10 ng to 50 ng if 1004 sanple pan is used. For conparison purpose, it is

i mportant to nmaintain as close to a constant sanple size as possible and

al so keep dddgtici, pokitive-digplaserdemspipottes froml@ibsoh @adHppendbd caamldiebé nj ect ed
into sanpl e pans through pipettes. Automated di spensing system may al so be
used t o adoedrpprated it sgroediquid handlingHdevicesrsuch las thpduisa¢r Wanhissyy of sanpl e
pans (with V-shape hook on top) make designing the autonation system

di fficul t SYP§8B0] There are a nunber of sanple pans available. Piatinum or

al um num pans can be used due to their inertness and ease of cleaning. Data

Anal ysi s [[0081] Dat ahedabieant!foirhelations GRpensddginetipliquid daadling r et enti on)
of sanple versus tenperature or tine. This is illustrated in Figure 1.
devices is mixed in a Certomat BS-1 heated incubator from Sartorius for about 2

to 5 hours at about 200-500 rmp, and at a temperature between 50 and 80C.

[0052] A series of measurements are then conducted on the blended
lubricants including kinematic viscosities (KV), cold cranking simulator (CCS)
viscosities, volatilities, and other physico-chemical properties. A Houillon
viscometer with automated sampling system from Caliper Life Science is used
for kinematic viscosity measurements and a commercial Cannon Cold Cranking

Simulator (CCS) is used for CCS measurements.

[0053] TGA (thermal gravimetric analysis) is known to correlate to Noack
volatility measurements as described in ASTM method D6375. Using this
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.



[ 0062] Si nce nulti-stage heating and isothermare involved, a plot of

%wei ght | oss (by every 5 wt% increnent) or %wight retention (by every 5

wt % decr ewornn(s/o6a3zus ti ne can al so be graphed. |n ot hePCEarsd®;/023389
generation of a set of data based on 5 or nore (X Y) is sufficient, where X
is the %wight retention to the origindB-weight (i.e. 95% 90% 85% 80%
75% and Y is the tinme in mnutes. [0063] Once the %wi ght versus tine plots
are avail abl e, possible correlations can be established by anal yzing the
sanpl e dat@alfightiggai nst the actual Noack neasurenents (ASTM D5800-B

met hod). Sinple Tinear equations can be derived based on a group of oils of

simlar f tion,chem stry. This is iJlustrated in, Fiqure 2. C ean-up
00647 Fr edBBST o1 odenpre fiibiation oresdyrs RorpBiasatadihitEnd o avor d
condensat i j:nat:h:0nqC ! I R AW i I
i nspecti onlﬂ%iélﬁ?ﬁg?#algg&ﬂ g\?\% g\r/l5 %%(ﬁgr?h tgt%@g%hﬁﬁtgcgg?%gﬁ I&lgoaeﬁsﬁéﬂfe 1:Qt }ggti ve way
to det er magpi iR @npefiiiredonitd! NARIRAL stditRir8LOA1 B¢ efthbldhedRoPr ocedur e
includes a quick - 20 - ranping to 700 or 750C and mai ntaining at that

t enper at unerifprud®e4tn nepeatatdlitycandwepraducibility. eAt thassone sqmpléeFieyenye 3
shows a hi gh throughput blending and testing station in_ a lubricant blend
pl ant . [ oO&cjamiepisusedasgin intarpalgiandard.e dhe repeatability of the intgsnalde but are
not limted t TIR,__and ,Taper ed aring. Sijoul ator (for high tenperature,
hi gh shear“%}‘@&‘g& WnﬁPfeﬁﬂ!@FCﬂﬁfﬁﬁﬂﬁ&PgWﬁ i scometer (MRV), Brookfield

vi sconeter, and base and acid nunbers, and el enental analysis. High

t hr oughputPrbg&dureant performance tests such as oxidation, deposit, wear,
corrosion, detergency, and storage stability tests m ght al so be added.

[0056] In order to avoid temperature overshoot, multi-stage ramping is used

in combination with an isothermal period as described in the example below:

a. Stage 1: ramp @ 100°C/minute from ambient temperature to
220°C

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.



[ 0067] The visconmetric, conpositional, and other performance paraneters for
a finished lubricant blend can be described as a function of its
conposi t iwo 2008th63me of the properties of its conponent PCT/USWOZ/083B4¢ X1, X2,

X3..., Pi, P2, P3. -) (1) ©CS =f2 (Xi, X2, X3..., Pl, P2, P3-) (2) HTHS
= f3 (X, X2, X3.., Pi, P2, P3.- -) (3)9-Noack Volatility = f4 (X1, X2,
X3-.., Pi, P2, P3) (4 MV = {5 (X1, X2, X3-, Pl, P2, P3...) (5)

Brookfield Viscosity = f6 (X1, X2, X3, P1, P2, P3..)
[0059] Sample can be injected into sample pans through pipettes.

Automated dispensing system may also be used to accelerate dispensing rate.
However, the special geometry of sample pans (with V-shape hook on top) make

designing the automation system difficult.

[0060] There are a number of sample pans available. Platinum or aluminum

pans can be used due to their inertness and ease of cleaning.

Data Analysis

[0061] Data can be plotted by measuring weight (loss or retention) of

sample versus temperature or time. This is illustrated in Figure 1.

[0062] Since multi-stage heating and isotherm are involved, a plot of
%weight loss (by every 5 wt% increment) or %weight retention (by every 5 wt%
decrement) versus time can also be graphed. In other words, the generation of a
set of data based on 5 or more (X,Y) is sufficient, where X is the %weight
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



(6) Soot-dispersancy = f7 (X1, X2, X3. PI, P2, P3. .) (7) Oxidation =18
(X1, X2, X3..., P1, P2, P3) (8) Deposit =f9 (X, X2, X3..., P, P2, P3.

) (9) Weso 20€8W6350X2, X3, PI, P2, P3) (10) Sulfur = fl1PCIXK200XD238%38. . .,

Pi, 132, P3. .) (11) Phosphorus = f12 (X1, X2, X3, P1, P2, P3. ) (12)
Base Nunber (BN) = f13 (XI, X2, X3. P120P2, P3...) (13)

ramping to 700 or 750°C and maintaining at that temperature for 30-45 minutes

to burn-off all residues. .

[0065] Figure 3 shows a high throughput blending and testing station in a
lubricant blend plant.

[0066] The other high throughput tests used may also include but are not
limited to FTIR, and Tapered Bearing Simulator (for high temperature, high
shear viscosity or HTHS), mini-rotary viscometer (MRV), Brookfield
viscometer, and base and acid numbers, and elemental analysis. High
throughput lubricant performance tests such as oxidation, deposit, wear,

corrosion, detergency, and storage stability tests might also be added.

[0067] The viscometric, compositional, and other performance parameters
for a finished lubricant blend can be 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)



Color = 1'"14 (X1, X2, X3. , P1, P2, P3. ) (14) -21 - Ash Content = f15
(X1, X2, X3. , P, P25 P3. .) Aniline Point = f16 (X, X25 X3. 5 P,, P25
P3. ) Acwo 2bhsmioe3o2z( AN) = f12 (X1, X25 X3...5 Pl, P2, PBCT/US20i7923339 t Yy
Index = f18 (X1, X2, X3..., PI, P2, P3...) Turbidity = 1"19 (XI, X2, X3. 3
Pl, P25 P3.-) Denulsibility = f20 (X1;2X2, X3...5 PI, P25 P3-.) Foam
Stability = f21 (Xi, X2, X3..., P1, P2, P3...) Acute Toxicity = f22 (X15
X25 X3. 5P15 P25 P3. ) Biodegradability = f23 (XI, X2, X3- PI, P2, P3- )

Ni t rogen=
(X1, X2,

AshXCi¥ntent = f}5 (X.,;(z,X4x ‘B, P, ®;..) Pl, P2, P3)(1Btergency = f25

K e Bt 2 (50 x Lo, $16) 717 (18 190 (200 (21)
Acid Number (AN) = f}; (X, X3, X5..., Py, Py, P5...) 17)
Viscosity Index = fig (X, X5, X3..., Py, Py, P3...) (18)
Turbidity = {9 (X, X3, X5..., Py, Py, P3...) (19)
Demulsibility = £y (Xi, X3, X3..., P1, Py, P3...) (20)
Foam Stability = f,; (X, X,, X3..., Py, Py, P3...) 21
Acute Toxicity = f5; (X, X3, X3..., P, Py, P3...) (22)
Biodegradability = 53 (X, X3, X3..., Py, Py, P5...) (23)
Nitrogen = fy4 (Xi, X3, Xj3..., Py, Py, P3...) (24)
Detergency = f5 (X, X3, X3..., Py, Py, P3...) (25)

Where X, X5, Xj;... are the wt%, vol%, or the mole fractions of components 1,

2,3...,and Py, P, Ps... are a subset of the properties of the corresponding

components.

[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.



(22) (23) (24) (25 Where XlI, X2, X3... are the wt% vol% or the nole
fractions of conponents 1, 2, 3..., and Pl1, P2, P3... are a subset of the
properti esoabosidsasoeor r espondi ng conponents. [0068] The f enTttiseevs/ot3sa9 t hese
properties may differ greatly and may or may not additionally contain these
P, neasurabl e properties such as visco22ty, BN, and oxidation paraneter of
the raw material. Exanple 1 - Rheol ogical Properties [0069] For rheol ogi cal
properties such as KV, CCS, and HTHS, the follow ng equation could be used

for a m xtExagnple 2 vBowilatoeSpecifloMbdelig Approad ++ X2 (In T12 + A2) (26)
where ri is the rheol ogi cal property of a mixture and 111, and 112 are the

RS | L i R e R A O S Lk A S
In generala,pphg 5*‘1‘2”9‘ 9:%01‘;1‘{1 Pg?§gé§iﬁc%8 ?gﬁﬁ)tro%"‘ﬁ‘{ﬁéd fbies 1@&2“'3'

cases, lii are rom d properties base
correl ati Qﬁépertles,?cﬂe A, and A, and A, in Equation (26) are coefficients unique to the

specific formulation

Example 3 - Component Modeling Approach

[0071] Figure 5 shows a flow chart for a component modeling approach.
When a component modeling approach is used for rheological properties, the A,
and A, in Equation (26) are coefficients unique to Component 1 and Component
2 in all formulations. A, is constant unique to the formulation and can be

obtained from historical data from laboratory or from commercial production.

Example 4 - Linear properties

[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= X1 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)



Exanple 2 - Formnul ati on-Specific Mdeling Approach 100701Fi gure 4 shows a
flowchart for a fornul ation-specific nodeling approach when a

f or mul at iwo-28gsawaforc nodel i ng approach is used for rheolPagiusado7joessperti es,
the Al and A2 and Ao in Equation (26) are coefficients unique to the
specific formul ati on Exanple 3 - Conpe@dnt Mdel i ng Approach 10071] Figure 5
shows a flow chart for a conponent nodeling approach. When a conponent

nodel i ng approach is used for rheol ogical properties, the AL and A2 in
Equation (26) are coeffici e—rt:szugiﬂu .0 Component 1 an(gg nponent 2 in all
fornul ations. Ao is constant uffi‘Guéel t 6% he formul ati on AAd can be obt ai ned
from hi st ogj gelpigalttgsl{ rom | aboratory or from comrercial production. Exanple
4 - Li nea%% erti [ 0072] Properties related to the elenents in a blend
such as sul fur, nitrogen, boron, phosphorus, calcium nagnesium as well as
ot her prod@074ks sdixangde Moadon-lhinser blending fandtiens. dImeifibetions feré ol | owi ng

| i near equation could be used for a mxture of twog conponents, T =+ X2T2 +
To(27) wherat limited to kingas funelionse ARy biperHcran-lingar dunelipnris posgible. Thonr e t he
correspondin gnponent properties. X1, X2 are the weight fractions of
conponent %agﬂ)ge'corrponent 2. To is a constant unique to the formul ation and
can be obtained froma calibration blend fromlaboratory or from conmerci al

production. [0073] Exa 2 MUk Rl €4 CRrmo t r&ipl st i ons Wh he
m Xt ures contains nor reml{nﬁlm %\I\D‘ c'olhp 'nen%‘s?” Eﬁ%ﬁ%ltég’n@](g% and ((;(%O5 are

expanded to: In =E Xi (In + Al) + Ao(28)

Where i or j are all or a subset of 1 to n, §; and §; are solubility or other function,
e.g.,g(3;,8)=(5 - )

[0075] The functions and the constants for a given formulation or a given
family of formulations are determined by building a multivariate prediction
model of the properties of interest, from the component concentrations and
properties from a matrix of blends, using a sensible design of the experiments
(DOE).

[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.



- 23 - T=E X, + To(29) Wierei =1 to n [0074] Exanple 6 - Non-Li near

bl endi ng functions. The functions f, are not limted to |linear functions.
Any type wb 2n@6Bionear function is possible. For exanpl @CTIUS2060E0X3849 N +
riziEu XXJ g(86 Si) + Ao(30) Where i or | are all or a subset of 1 to n, Si
and 4, are solubility or other functieB4-e.g., g (Si,= (S - [0075] The
functions and the constants for a given formulation or a given famly of
formul ations are determned by building a nultivariate prediction nodel of

the proper[gogs] of intiRsisiend nidaderis fhend oumideastithe fitatédrisahsoughd
properties froma matrix of blends, using a sensible design of the

exper i mentqualiDOEsurfre@teitittg the modplsage usedto adjustibe blensbeaalsulatng P2, P3,
) are known, these equatjons can then be sol ved, simyltaneously to obtain a
conposi ti ‘Q'He eddiionalguantiigsof ceftgimepmpenents I‘?edﬁéég}éﬁ’é‘gttﬁé 0? jeci fications
of KY, CCS I_{rEHS ck, vaolatili. . MRV, Brookfield viscosity,

soot - di spéPS‘é {??Flol{;g?%ﬁogh,e SH¥ ﬁg???r‘(ﬁé‘a%?; sul fur, phosphorus, nitrogen,
base nunber, acid nunber, detergency, as well as the other properties of

i nterest. [0079%u ti Dmelinelsahsorssambe ifistalbal intthe compenenoatd fiptshed i s usual |y
chosen. In sone special cases, optimzed solutions_may, be bgsed on the

avai | abi | i luprigantsanks tosend sigagbniorthe copmmter) sytem. hhe étﬁﬁah aa the@Npes are
Contror £ Hingsnses e bERS LI S En R R et ok errD beRerhe ne e
bl ender ormggﬁgnﬁlﬁggﬂh@gel\égssel s. - 24 -

[0080] The connection between the computer and the various devices could

also be wireless.

[0081] A natural extension of this invention would require no a priory
knowledge of the properties of the individual batches of components, but would
utilize an establish database of typical values for each of the components. 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.



[0078]1f the blend made is found outside of the specifications

t hrough quality assurance testing, the nodels are used to adjust the
bl end by cal culating the additional quaﬁt‘i ties of certain conponents
needed to bring the off-specification blend to the specification
range. 10079] On-line sensors can be installed in the conponent and
finished | girtAxMpt tanks to send signals to the conputer system The
signals fromthe online sensors are processed and adjustnents are
made i f necessary using the mathematical nodels. [0080] The connection
bet ween the conp ' 7 1 i,1.el ess.
100811A naturfa)il g%(iﬁ%ﬁ@i'ag%ﬁ%g d%ﬁ#@%ﬁl&%ﬁtﬂogﬁaﬁgﬂgg}%&@ﬁ P\’%oﬁgf priory
know edgeeddteritiredhapetdrists from hdse stonkh anddidditiveatehgssind: conponent s,
but would utili an establish database qf. typical values for each of
the conponents. @ eglgai?lag herse paekand adgiiveh s dsfeamincady ieontpuerpodel
model ed In real ti M Mk b Gl:ARESAIBPRE Huidhl h%icat b Mcthnount and
dynamcally with the 1ntegrated target of neeting the specifications
on the finished tangrop¥itiehapd cpér offthobhasestoeks ayl aklithey cowesponding & the

and the total blend, thtese. d arri% v?.ri tians .gn %g%/ c?y@oHents .woul d
provi de sufficient feipigrney gharadenstienderdt faif vy g tcjéfa?%?ttcal

properties of thoseiABOBEbSmoleQIed fredetSrtAfiR hardcferREBAR VAN (XE)X,
above, we could use typical values for 711"12 and Ao, and estimate Al

and A2 dynami cal | y. Xyhi, Pe R2hBs. e $tGCEREds(20E XA XandPAP2vbul i HAGES 6 @6,

P e e e S L

hi gh-throughput or MRV =T (SEDSOKS..., PHiS, BSE} Brbek gt Videogwn= f; (X, Xa,
principle of conbining nultiple pieces of information_|ow

si gnal - t 0- noi se i nf ds-nafi-dh: Po- -diost-Aisaemangd e E6naty Xsnt Egrlat Bd--),

result. The higher nr o u th ur e F jie,~-th
hi gher the accuracybgfdatlﬁlé itfﬁpglgtrxé’?je(ﬁ"bﬁﬁﬁ’af%é'sﬁ@%m{ %’gtst-l’%i’gf%’ep“
1. A nethod to bl enB,Penponeat s i, @XH,aXnTa. .1,iPq) Bhed. ,wulfue &), (EVKngia.,

predeterm ned charagteristic _from base_siocks and additjves
conprising: (a) bl eﬁtii ﬁgp3t-%PE8§’é‘°§-{S()=cf@b§n§%}gﬁi-t Y @R%ﬁd@?%ﬁ'rwlﬁéﬁ

by a conputer nodel (gt ¢ ekatsesxt hatp ap char agt 8 Stki, exof.t P, P
fini shed |ubricant {o ﬁe’smun thlri'd b ozbegf'?l’es and légsﬁs bfﬁ?'t'ﬁel’baz’se
st ocks and addi ti veBs.carAshsamehtrrgli Gt Ke, 3. edt, 85,M:ned Aniline Point = fi4

Rt EE G ab e e T
Ps...), Viscosity Index = fi3 (X, Xz, Xs..., Py, P2, P3...), Turbidity = fi4 (X},
X2, X3..., Py, Po, P3...), Demulsibility = £39 (X, X2, X3..., P1, P2, P3...),
Foam Stability = f5; (X;, Xz, X;..., P1, P2, P3...), Acute Toxicity = £, (X,
Xz, X3..., P1, P2, P3...), Biodegradability = f53 (X;, X2, Xs5..., P1, P2, P3...),
Nitrogen = f54 (X, Xz, X3..., Py, P2, P5...), Detergency = 55 (X, X2, Xs...,
Py, Py, P3...),

where X, X, X3, are the wt%, vol%, or the mole fractions of components 1, 2,

3...,and Py, Py, P1...are a subset of the properties of the corresponding
components, KV = kinematic viscosities, CCS = cold cranking simulator,
HTHS = high temperature, high shear viscosity, MRV = mini-rotary
viscometer,

(b) determining the characteristic of the finished lubricant, adjusting the base
stocks and additives based on measurements of the characteristics of the

lubricant, continuing to iteratively adjust the amount of the base stocks and



X3..., F1, P2, P3...), CCS = f2 (X, X2, X3..., P1, P2, P3...), HTHS
X2, X3. ./ Pl, P2, P3. "), Noack Volatility = fa (XI/ X2/ X35 P1,

P2/ P3)/ MRV = 1'8 (XI, X2/ X3. P, -P9F P3. )/ Brookfield Viscosity
=X2/ X3..., PI, P2, P3 .), Soot-dispersancy = f7 (X, X2, X3. ./
Pi, P2/ P3. )/ Oxidation = f8 (X, X2, X3. [/ P13 P2/ P3...),

Deposit = f9 (Xi, X2ddidkads ntil thedinidA3d prodbial meeté tHe pﬁé@eterﬁﬁﬂied@arac@nﬁhcs
P2/ P3...), Sulfur =X2, X35 P13 P2/ P3. % Phosphorus = 112 (X, X2/
X3. | PI, P2/ P3...pasepaneosty apbpropetiss of pasg siosds andadditiyes, whepgin blepd

P3...), Color=f|4 , )

(X, X2/ X3...1 Pl st a“?QO gstfohs (e Hicandre é‘??ﬁ Sg%ﬁﬂ&gmgga%ed

Pl, P2, P3...), AcidnBiedveling séhBorsirf ralv halerialXand KBished pridtidct Pairks P3.

.), Viscosity Index = 118 (XI/ X2/ X3/ PI, P2/ P3...), Turbidity =

119 (X1, X2, X3/ PI/ P2, P3. .), Denmulsibility = f20 (X13 X2, X3.

Pi, P2/ P3)/ foan?h%trﬁélh&d 5ﬁ'cla1n’f ?%vh@?&n thé%unc;)ﬁ%n is éetgﬂm nF ab- s%al high

Acute Toxicity = 22 (X, . B|o ada T: gy
= {23 ()Qhrougﬁputmendﬁig axﬁsttﬁg )/ N| t rogen f24 (X1, X2 X3.

P2, P3...), Detergency = f28 (X1, X2, X3. PI, P2/ P3. )/ where X

X2, X3... are the wt% vol% or the nole fractions of conponents 1
2, 3..., and £, MR mdélBed of it ﬁv«%ﬁ:&%leﬁﬂ adjRemRhRRRA thestihs Eﬂéﬁ‘nade
correspond| ng conponents, KV = kinematic viscosities, CCS = col

cr anki ngibgamﬂaélmlsmglaﬁmegatﬂdqhedbedpbpat ure, high shear viscosi ty,
MRV = mni-rotary visconeter, (b) determning the characteristic of
the finished lubricant, adjusting t he base stocks and additives based

on neasurenend.s Ofhetrh@hédef AGHET ndibtetbsad filndBolsubsulCiattducE BN bf Patiadtions in
to iteratively adjust the anmount of the base stocks and - 26 -

addi t i veldnighedilubrigaat ehamcsaristicpbdyeen 3hask X% he predet er mi ned
characteristics based on costs and properties of base stocks and
additives, wherein blend adjustnments and corrections to the | ubricant
are made using f Wetmhahsd ddach Dwhelegn oid funogorsaBanr ia reductianvof variations in
mat er i alglﬁgld fini shed product tanks, 2. The nethod of claim1l

wher ei n ed JrkriGaphchazacrsistensiwaen 29 #y 90%b- scal e hi gh t hr oughput

bl endi ng and testing. 3. The method of claim1l wherein blend
adj ustments and corrections are nade dynam cally using an integrated
f eedback | oopd. The method Fhadainet wherenf sapd fiinotidnswherleinmedatidn Hivariationsin

result ip.reduyction qf variations in finjished Iubricant
char act etl?rflgﬁglcjgbrb“é"m\g?f?% gﬁsdbeéWB 751 8b% 5. The nethod of claim1

wherein said functions result in reduction of variations in finished
| ubri cant characteristics between 50 and 90%
7. The method of claim 1 further comprising the step of making measurements on

the blended lubricant and adjusting the combinations of base stocks and additives.

8. A method to optimize the blending of base stocks and-additives to form a
finished lubricant having predetermined characteristics comprising:

a) obtaining a model that relates the characteristics of a lubricant to a
combination of the amount and properties of the base stocks and additives,
wherein said predetermined characteristics includes more than one of the
following: KV =1) (X1, X2, X3..., P1, P2, P3...), CCS =, (X1, X, X5..., Py,
Pa, P3...), HTHS = f;3 (X;, X3, X3..., P1, P2, P3...); Noack Volatility = {3 (X,
X2, X3..., Py, Po, P3..), MRV = {5 (X, X3, X3..., P1, Py, P3...), Brookfield
Viscosity = f; (X, X5, X5..., Py, P2, P3...), Soot-dispersancy = f; (X, Xz,
X3..., P1, Po, P3...), Oxidation = 3 (X, Xy, X3..., P, P2, P3...), Deposit = fy



6. The nmethod of claim!| wherein said functions result in reduction
of variations in finished I'ubricant characteristics between 75 -90%
7. The nmethod of claim1 further com‘a??ﬁ ng the step of naking
measurenents on the bl ended | ubricant and adjusting the conbinations
of base stocks and additives. 8. A nethod to optimze the

bl endi ng of base st @k3,aKd. addim)Rees), Wedr erfig & f Xnid&hedP | BRPs canSulfur

havi ng predeterm ned charagteristics conprising: a)aqgbtaini n%ga nodel
that relates the chafadderXatics fofPaPpubr FOSHOTYS™ f2 6Shiston i of 1dt

the amount and proppLtiasoividies PBRE-STARkAR]. addi ) ves) AHIer £kl (x,,

sai d predeterm ned charfacteristic ncl udes re t'han ‘one
followng: KV = f1 m}XZPIaR&.P}.,), Rish G@ﬁtenP%fls.(Xl,}GCX3;.,ﬁ’2, Hz}(ﬂ_g,...xz,

Noack’ Vol at | 1ty = hiling Pt hoiaky S K2 po' By P! ) ApidRumbes (AN = 5o
xX3-, P1, P2, P3... i (¥ V= 1, d : 2,
) (xBraoki.i t(% %)( F P\{%CO))S( gxf%o?tipﬁ{d%z ,f, %\%{1 ))1(2’5 Xs.. ﬁil{ PP

P3- Soot-di spersancy ‘= 1.7 ( _Oxidation
= f8 (X, X2, X3. Pi.P), TuBdity Pis (X1, XDEfosi k1, B2, 8. .), Demulsibildy = H2(X1,

X3. , Pl, P2, P3... ar = fio (X o X20. X3 Pl P2 P3...) | f.ur
= f1 (Xi, X2, X3.. .%CZ’IJIY\;"PE‘,’ PP3P.3-'§) ?%ﬂ&%ﬁ&?ﬁs%@lr %%iaxaplf’z%g)
P2/ P3...), Base Nupmbgfe ToRNity= gzga,xgi X3.X2P, X3 Ps. o), Bliode%ﬁdalﬁﬁty——rfgg X,
Color =f4 (X, X2, X3. P1l, P2, P3. ’), Ash Content = f15 (X, X2,
X3..., Pl, P2, P3. Xy XAniPiRe BoiiNitogens £y, X2, X3, PpPy, Ip2,),
P3...), Abid Nunber = s 32 - | p. P2, P3- .), Viscosity
Index = f18 (X, sz@@%eﬂﬁ‘(%éf‘* 2.3555);-’3#:15%.1’&' y = 119 (X, X2, X3,
Pl, P2, P3. ..)whesX|,SLDKE I te the Wi, (ofts, oXthe mde fraBlionsBZ componehts 1, 2,
Foam Stability = f21 (X, X2, X3- 3. P, P2/ P3.. ), Acute Toxicity
= £22 (X1, X2, X3.,3pbaniF), HhaP. yreasubset 9f heampnertiss of thexprgspondme |
Pl, P2, P3...), Nit =1 L {: : s oo P P : :

et er gency = 123 (X HigyK¥ Efiblmgie iscibites Gs ooy Eraphing ggmulator,
are the wt% vol % HTHSw highltemperatire, high shtarcasqosite N R VI mayi-r8tary |
and Pi, P2, P... are a subset of the properties of the corresponding
components, KV = ki HSRHPFE: vi scosities, CCS = col d cranking

sinmulator, HTHSpy hi@bmbigHRehEdHhBinatiinddt LAEERbCRI 98 A8ditiVes tYFYmT the
mni-rotary visconeter, b) "determ ning the conbination of base stocks

and additives to folbricint havineithepredeiammiined ehacachristiet femmiarsedes of models,

characteristics froma seri.es, of del s asyr.i ng th

characteristi _CSCLf Wﬁ%swsﬁec%acgoflgﬁ?ssqféﬁg B%?lc &frog? Stgl_%lﬁjg{“il ng the

bl end opti m zi ng) t h@djﬁﬁ[ﬁgltl‘l@bleﬁdﬂopﬁmﬁﬁ?thﬁt&ﬁbﬁlaﬁ@ﬂoﬂﬁhﬂb btoviesanldadaRR bs
e

t he predeterm ned characteristics bas on base stocks and additives
costs and avai | abi | fxWegities piedetprinaned eluracseristing kasghen baserstacks aibadshitives

made using functi °“§os{9§%@g§v9ﬂabtifi‘& Wk ih BFend SRR Serltd ad AW LB s R Made

and fini shed produc
using functions based on the on-line sensors in raw materials and finished

product tanks.

9.  The method of claim 8wherein said predetermined characteristics include KV
(kinematic viscosities), CCS (cold cranking simulator), HTHS (high temperature, high shear
viscosity), Noack Volatility, MRV {mini-rotary viscometer), Brookfield Viscosity, Soot-
Dispersancy, Oxidation, Deposit, Wear, Sulfur, Phosphorus, Base Number, Color, Ash
Content, Aniline Point, Acid Number, Viscosity Index, Turbidity, Demulsibility, Foam
Stability, Acute Toxicity, Biodegradability, Nitrogen, and Detergency.



9. The nethod of claim8wherein said pr edet erm ned characteristics
i ncl ude KV (kinematic viscosities), CCS (cold cranking sinulator),
HTHS (hi gh tenperature, high shear vi $8osi ty), Noack Volatility, MRV
(mni-rotary visconeter), Brookfield Viscosity, SootDi spersancy,
Oxi dation, Deposit, War, Sulfur, Phosphorus, Base Nunber, Color, Ash
Cont ent, Ani | i01e Theinkéthodef eaiiorbdereinéasd pedetyrhinde® ghardaseristids &g described
Demul sibility, Foam Stabil | t Acut e TOXI city, Biodegradabili tﬁ{@ ¢

3

Ni t r ogerd® ﬁe(txerﬁeﬁ&y - Pu, Pa@ic.), CCS = hEX1, Phe Xpet- Ko 20F3-o)-d1

‘(’";‘(le’re'xg 3512,%{ edeﬂ' Cﬁ fqtaga chlﬁﬁh% %Wr}%g@%rﬂ gF%dP ),%qatﬂuﬁ fs

HTHS = &K (X, X3X2 PlXBz, PE’J )> BEPOSR?F fam@dkzaml @THIJ P4 §s. —)fWeir)(éﬂ (XZ, Xa,

, =
DepOS|t J§3fes ()?P 3x2) S%” %( 2X2=|3§- >5311 Pvé’ar ):PI?OFP](K}(ES (Xlx )2 X3
Pl >P2, P Sul fe BN X2 , 1lp 3.1, chtor :
fo (XL, Fif&P% %:é%slr ,NﬁF@?é A ﬁw%é Ko XL P PP ), ?)’}t) E}QS(W%J%(

X3. 5 PIF;, P2 P3 P3. Ash Comehior fiz (Xll Xo( X4, ., R2, sz& ) ,Arfﬂir;le PRgint P83 (X)), XaAsh

X2 3. Ko Py Fas s A Numbor TP PHARG: R0+ + B ), et e =

P3. ) f\/ @@10% tX3 l npl]?Pz,?J l)gT(H)Sldlt]PQ f15 &[ Xz; XE PPZPZ, P } ]j@’l‘ﬂlllSlblll =
Turbldltty f15 D Demul'sibility = f 8’
(X 31, XBIXs. P2P1, PB P3 )),, Fmﬂte@ulam ﬁl‘t (9(1,-Xﬁ,rX3 8, PX?;& ABACHE,

P2, P3. cue ox} city Hfi X1 24 X3

22, 3. e PR oy B X0, pacuaniny Pl @cPR Bonae
X2, X3- Witrogh2= fPfiXI,X) XsDelR[ BERCY.) Dédirehed = £X2X,. 58, X3.. By, 132P; PR

), where X1, X2, X3... are the wt% vol % or the rmlefractlons

of conponent sWhere X1, %2, X5, .- Ff‘thF’IVt‘VOPEOIU/PS’r the mple fepctomssaficommpongqds 1,2, 3..
propertigg®ipl Eie CHE ﬁ%ﬁ@s%{‘gfﬂﬂg pFSPIRRRBRHR: corresponding components.





