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[ 0004] The presence of such residual wax
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overloading of the solvent dewaxing processes or by basestock channeling

through the catalytic beds used in catalytic dewaxing processes or by an over-
loading of the catalytic dewaxing process or because of pdor catalyst activity or
selectivity or because the crude oil or feedstock to the process is significantly

different than expected, resulting in inadequate dewaxing conditions.

[0003] - As compared against wax present in the oil when the dewaxing
process is not faulty or inefficient which wax is herein identified as “accept-
able”, residual wax contamination can result in the failure of any formulated oil
made from such basestock oil containing residual wax to function properly at
low temperature, that is, to have unsatisfactory low temperature viscometric

properties.



be readily determ nable or detectable by standard wax

identification techniques such as pour point or cloud
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[0006] Growth of residual wax contamination wax crystals is typically a slow
process and such crystals may become visible to the human eye only after
several days or weeks have passed. Consequently, fully formulated oils can be
produced using such base oils containing unidentified residual wax contamina-
tion resulting in the entire batch of product failing to meet viscometric

specifications.

[0007] Most wax crystal determination techniques rely on human eye

evaluation or on a gross change in basestock viscometrics. Thus, cloud point,



techni ques that depend on a gross change in basestock
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base oil to pour froman inverted beaker or autonated

nmet hods are used such as thé_lSL pour point, Phase
Technol ogy pour, or the Herzog rotational pour point

nmet hod. All these nethods are gross wax identification
nmet hods .suited for, estinmati ng whether the. wax.conten

t
oyernighl glaud peItandsWag hage apPEArangh.are sramples Of fepts that

SR Bb PP e lirahibf, EOBE ROU B8 e examples of
té&ﬁﬁ@l@s!’tﬁ&ﬂ Rpend/Bata Sosé bR @BBeAbEk dseOmetrics, whether the
subj ective, which contribute to their unreliability
ogiginalimiEnuad pger poinaowthadtis wsed whiehidepends 10 0@8habiliy of the
substitution of an electronic anal yzer which measures
basreoid e pour fem ayvesedbepkerorutamated pethadsase nead Sieh as

RSt BORF BEpb dant  cGRGEY FRRE e Ak sTaib R Ot point

| . .
mATRE, AIEFEEL Pl SRl RRL R et gied o
ebii@aflab evtivtinatthe wakf copltentdbfibe bhse dileRzecpptable. B are not
pour point. The anal yzer uses [|ight scattering )
wdll ouartegaatehy b titesbfguithe tdantificabiont quantidicatipn sndemonstration
etects the presence of solid wax particles from which
o%rr@sn uglavarepnigmaation, Mogk plelbiess tasse ahﬁossug’éff“é’é’@e&’%mh

CHRPIMBYR ot PR g A0S DAY Gt iin.

sanple cell by interfering wax crystals is also a

S . i a
IBEHE o0 THE SR O 1 EIcBLBRRNGR Flor WHich b BLES T onser
aR8idRErecTha2e b Wi dtysrl ord@itichesys h ChiiSs Mo ran8mideance of
used as a basis for predicting the final |ow

lightpeimtherdegriesamimtensity qf reflected dighofermovdsdhenhuatamcelement
lube oil with respect to residual wax contam nation,
fromn saxa@yeial formpagionydeterminaliondSpelb eqwipmanh & pRWvailable for

tl]é)éjggtgpa}orglii%b l(S)If %ﬁ'@ ﬁ&fl{i’ %g%)e%_re ’%toﬁt: al\&/% ?ﬁﬁgnﬁélhkfﬁge analyzer uses
]%%ﬁ&%fg(%hvd SAM shnp® cdll@bolit 015" Al2HNd detects the

I sconet e despite passing the specification
pe&sicabe bf belitl fvax patticleoflonwinvhich Kghieis treflected.oltie pefledted light
~and/ or pour point. WO 2005/054843 PCT/ US2004/ 039224 .
is detpoipd gpntisneusinby erlighitsgasor. rikiematvelyathe fall-off in transmit-
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overnight cloud point, and pour point are not sensitive enough to be used as a
basis for predicting the final low temperature viscometric properties of a
formulated lube oil with respect to residual wax contamination. On occasion a
fully formulated lube oil has been found to fail key low temperature viscometric
properties for the oil, e.g., the cold cranking simulator (CCS) viscosity or the
mini-rotary viscometer (MRYV), despite passing the specification established for

the oil with respect to cloud point and/or pour point.



formul ated oils to be prepared which neet final
product | ow tenperature visconetrics. DESCRI PTI ON OF
WA RBsBFBWRES [ 0010] FIGURE 1 presents the MRV PEBUB1084/039224
for 20Wb0 engine oil blends plotted as a function of
the cloud points, determ ned by prior art technique,
of the respective Bright Stock base oils used to nake
the blends. [0011] FIGURE 2 presents the MRV results
for 20W60 engine oil blends plotted as a function of
the delta intensity (D) val ues, determ ned according
[0009]an Catselitionrictween rﬂslq@xabmcqnﬁmnam@n 0 f':@se pHe and low
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tenperature MRV of 20We0 engine oils blended with
DESGRIPEESNOF THE POGBIRES GURE 4 a, b and c plot the
MRV versus DI data at 10C, 6C and -2C, respectively,
for the 13 Bright Stock base oil sanples used to make
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tenperature for two Goup Il light neutral base

stocks tested to formulate as engine oil show ng the
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stock base oil samples showing the good correlation of delta intensity measured
at about +9 to +5° to low temperature MRV of 20W50 engine oils blended with

these base oils.

[0013] FIGURE4 a, b and c plot the MRV versus DI data at 10°C, 6°C and
-2°C, respectively, for the 13 Bright Stock base oil samples used to make 20W50
engine oil blends showing that the DI data taken at 6°C correlates best with the

low temperature MRV viscometric property of interest.

[0014] FIGURE 5 presents a plot of DI versus temperature for three 600 SUS
base oils tested to formulate a 20W50 Engine oil (Formulation 1) showing the

DI for each sample as the temperature was ramped down from zero to -8°C.



DESCRI PTI ON OF THE | NVENTI ON [ 0017] The present
invention is directed to a nethod for determning, in

WO e@b/0548u3re, the suitability of basestock oil sP€DUS208€039224
as the basestocks in the production of fully
fornulated oils neeting product |ow tenperature
vi sconetric properties, which nethod conprises, in a
first enbodinment: (a) selecting at |east one | ow
tenperature visconetric property for the fully
fornulated oil; (b) producing a training set by
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to a tenperature in the range of between about 20C WO
2005/ 054843 PCT/ US2004/ 039224 -6 above the base oil
DESCRIPEHONAF I INVENTHAN 5C bel ow the base oi |
speci fication pour point; (4a) waiting for the sanple

and test cell to stabilize, dependin t he
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tenperature of ste ter the st zation perto

widcls emtli®d eombrisés, imh €hst dmbodiggditng; (6) hol ding the
sanple at the tenperature of step 4 for froml

(a) selecting at least one low temperature viscometric property for the

fully formulated oil;
(b) producing a training set by the steps of:
(1) securing a sample of an appropriate candidate dewaxed

basestock oil to be used in producing the fully formulated oil;

(2) heating the basestock oil sample for a time and to a tempera-
ture sufficient to melt all the wax in the sample and, prefer-

ably, to also remove any water present in the sample;
(3) agitating the heated sample to insure homogeneity;

(4) cooling the oil in a sample cell equipped with heating and
cooling means and instrumented for the measurement of
reflection of light or transmittance of light generated by a

source to a temperature in the range of between about 20°C



mnute to 3 hours (preferably about 30 mnutes to 90
mnutes); (7) nmeasuring the signal of

wg@easoeesl/ refl ected or transmtted |ight at tPeT/Esmoeh39224
the hold tinme of step 6 to secure a second intensity
readi ng and measuring any chﬂﬁge in signal intensity
(delta intensity of signal) between the first signal
and the second signal reading; (8) fornulating an

Sel oot od | ow SHARLPHRL FRCSHEARAPBRIUR S C below the
Quarity (9) YapER PRERRBE epELo 0 Bl F1 et ont

Spoci 1| cliBon BHE 19 saEPIaARd TP oAl 4 sttilis, Kegending on
of i gnai at PRetPERsRing FLER: et Big BdeH EPLidhge ana

the sel ect ed thokipelFtBE siginhl;vi sconetric property or
properties; (10) correlating the delta intensity of
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subjecting a base oil To steps 1-8; compar
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with the correlation data base to predict whether a
fornul at ed oifadivgsessi ng the selected | ow

tenperature visconetric property or properties can be
made usi (® dwildingakesanble 4tGRd Bmparhtuesaf ktepahfbr from 1
preferably, a step 9a can be practiced in which one or
nmore addi t i omainuéatepd bguﬁf(prfrtgrabéyr@b@nt ) mimytes to 90 minutes);
dewaxed base stock oils are subjected individually to
steps 1- @)t o meBatiagahe signabobattraditteliecicd @nedrsihiaéd light
signal versus selected fornulated oil [ow tenperature

vi sconetric it dpeend/obthe hold pisre olestep Grtoseemretd ssicondt y

of base oil samples. [0019] . 1n a second enbodi nent, . )
Che present ARGBHEY IS A BieASH Ry change in Signal intensity

(delta intensity of signal) between the first signal and the

second signal reading;

(8) formulating an oil product using the basestock and measuring
the selected low temperature viscometric property or

properties of step (a) associated with product quality;

(9) repeating steps 1-8 using different temperatures between 20°C
above and 5°C below the specification pour point as and if
needed until a relationship is observed between the delta
intensity of signal at the temperature of steps (4) and (6), and

the selected formulated oil viscometric property or properties;

(10) correlating the delta intensity of signal at the temperature of
steps (4) and (6), to the selected low temperature viscometric

property or properties;



determining, in real tine, the suitability of base

stock oils for use as the base stocks in the
w@e@dossusdn of fully fornul ated oil products neEr/URL04/039224

product |ow tenperature visconmetric properties, said

met hod conprising: (a) selectjng at |east one |ow

tenperature visconetric property for the fully

formulated oil; (b) producing a training set by the

step secyrin S l.e,of an appropriate
cands(agt gUlglg%\g Y8 aﬁﬁgb@f’ggqrﬁ%c;i'ﬁ’to be used in
producing the fully fornmulated oil; (2) heating the
base c | 8 :
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(delta intensity of signal); (5) formulating an oi
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sel ected | ow | re viscometric property or
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quality; (5a) opti onaIIy, repeat| ng steps 1-5 for one
e drihsscond sirood e, eé&é&l&n&%gﬁaﬁisa?b;&&é for
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Ure vi Scofretric property o
stocks in the production of fully formulated oil products meeting product low

temperature viscometric properties, said method comprising:

(a) selecting at least one low temperature viscometric property for the

fully formulated oil;

(b) producing a training set by the steps of:

(1)  securing a sample of an appropriate candidate dewaxed
basestock oil to be used in producing the fully formulated oil;

(2)  heating the basestock for a time and to a temperature
sufficient to melt all the wax in the sample and to remove any
water present in the sample;

(3)  agitating the sample to insure homogeneity;

(4)  slowly cooling the sample in a sample cell equipped with
heating and cooling means and fitted for the measurement of
reflection of light or transmittance of light generated by a

source from a temperature about 20°C above to about 5°C



for a nultiplicity of base oil sanples; (6)
correlating the delta intensity of signal to the
W@ elosos4sd3 | ow tenperature visconetric propertRCDUS2004/039224
properties; (c) subjecting a base oil to steps 1-4;
(d) conparing the delta intensity of signal for the
base oil of step (c) wth the correlation data base
to predict whether a fornulated oil possessing the

sel ected | ow {enperature vi scomretd i c. proper.t 6
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stress, Brookfield viscosity, scanning Brookfield

vi scosity, cofar aomatipliity of base ail ssmglegS), and pour
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t, %er ature, visconetric property or tpr operties is/are
with the correlation data base to predict whether a formulated oil possessing the

selected low temperature viscometric property or properties can be made using

said base oil.

[0020]  Optionally, the relationship between the delta intensity of signal and
the selected low temperature viscometric property information generated for all

unknown samples of step (¢) can itself then be included into the data base as step

(e).

[0021] Inembodiment 1, steps 4 and 6, or embodiment 2, step 4, the
temperature of the steps and the duration of step 6 in embodiment 1 or step 4 of
embodiment 2 may be varied to obtain a suitable, robust correlation. This

procedure can be accelerated by using the Temperature Ramp of embodiment 2



correlated to the tenperature at which the intensity
of the signal begins to increase, that is, the

w0 eoppesatiire at which the initial change in siPOEIUS2004/039224
intensity begins, i.e., the onset tenperature of the
Di. This correlation is detergm ned when a tenperature
ranp i s enployed. Alternativély and equal ly workabl e,
the selected | ow tenperature visconetric property or
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cbASlatd (PR EmPblaturet wileh MSmtSRIGTaHe Egﬂal be%ns fo
tenperature visconetric property or “properties. Eac
indréade tae ds, the tep@peramireat Whidhr thelinit@l skingesindigddl intensity
subsequent base oils for commercial fornula- tion
bpgingok®s thepuset gameraiuee af therPl.cUhisrcomelation isxdetdsimined when

sy FePaR s red BRI BATRuRhr o te
SBEBEU 1L AR RS IR RShEELAY of SR e bl to
tHeofempedtace B WHichta $i9En dBRS $ntehsifypbf sighsll id et/HBHN &%et again,

for the oil(s) that fails/fail the D "of the base
the $elegted idwmterhpédabue visoparetdc poapartt ot propBitiesfis/atecorrelated
base (ii l.(s) that paned and the | i
to the delta inteénsity of signal measured at a given temperature. The given delta
intensity of signal, the given temperature or the DI onset temperature is that
which is determined from the generation of the training set and which aligns
with the passing of the selected low temperature viscometric property or
properties by the oil or oils once formulated into finished formulated product(s).
Thus, the relationship between delta intensity of signal, the given temperature, or
DI onset temperature and selected low temperature viscometric property or
properties identifies the maximum DI value, of a base oil at a particular tempera-

ture, the temperature at a particular DI value, or the temperature at which DI



tenperature at which this is observed. That

tenperature then becones the given tenperature at
waohbiosios4she DI neasurenents are taken for all uPKnOS2v04/039224

base oils under consideration for use in the

production of the particular;formulated oil products.

[0026] In Enbodinent 2 the practitioner simlarly

reviews the selected |low tenperature visconetric

oS agentstioBSEigh b forPi R Eiafich Mg Haft ot Bie ol
. ] ! . . _
il Bl B 1P LB R A e iR ot BRI fFoperties
intensity was observed (DI onset tenperature) or a

[Wﬂ Iu g tui‘ﬁé']_%@reltaﬁfm,t ferdt88e rﬂia{e?) DG ond2k ﬁf’ﬂieﬁtﬁ fiid I%J%%ging or

pro at tenperature’then becones the tenperat

failing s the foRRilated il peotduces, _n\ﬁtdeqtsiﬁ% theodigRkaatoiBobthe pre-
the onset of a delta intensity or the achievenent of
selegtadtlowukmpeBitufeoviseometmicrprapersy lor pnoparticonEacteod tessed to

P RATAR | k&i@fn%%qﬁga%%ﬁéi suftedion hasE ane i;%u“c'g%{lgne&ial forala-
bR HRpRdstss), P §35eratd Bkl D or ERAHCRE it of DY jpa

tﬁﬁéﬁﬂﬁe&&’ﬁﬁ[‘&ﬂé’ articifir M6Bbéfgne! the sanple for a

and to a tehperature sufficient to nmelt any wax
in the sanple and renbve any water present in the

[6623]! e In Bmb¥Bikett ViR pradiesii e et thekueeRdagN tbmpera-
50Cto 150C, preferably between about 60C to 120C,

ture rvisqonedteic ppdbperaponprope ks foo thapartioukio dotm&latedypreduct for
preferably up to abou rs, more preferabl about

¢ ) about 2 hours, nt ]
Pass erclad gl degenmines for the gil(s)that fadlsdaid the\Phof tae baseraik(s)
desired tenperature. .t t.he wa d drive off, any
gl e comBRRa ey e RIBE e e Ml (AL s ol nd
TR, Wi s RUEPHRS THALERPOlKP U o e eiven
tekhperaair® aewhich therDElepsiatarntsoare azlcin forradl wikinowal sk oils
to ensure the honogeneity of the sanple. Such )
updertansstesatiemformise da éhe/ prpsiuetion of the paytignlar dermulateg oil
|f the sanple is of sufficient size and the test cell
PrRAuGtS-suffici ent size and durability this heating and
agitation can be acconplished in the test cell. In a

[é@@ 2 n m&ggﬁgﬁémgf l;hgnap(%gcet}ti&ne% tsir{lflgrliy (r:gvr}ev?/g e s?eqéctg&l Eow
temperature viscometric property or properties for the particular formulated
product for pass or fail and determines for the oils that fail/fails the temperature
in the temperature ramp at which the onset of the change in the signal intensity
was observed (DI onset temperature) or a particular DI for the base oils that
produced failing product. That temperature then becomes the temperature in the
temperature ramp at which the observation of the onset of a delta intensity or the
achievement of a particular DI for an unknown oil under consideration for use in
the production of the particular formulated product indicate the unsuitability of

the base oil for the formulation.



sufficient. Alternatively, the sanple can be heated

and agitated in a separate vial or container, then
woec@sssesnyed to the test cell. [0029] Opti onal PET/US2004/039224

step 3(a) can be practiced in either Enbodi nent 1 or

Enmbodi ment 2 in which the heafed/agitated sanple is

then cooled at a consistent cooling rate to anbi ent

condition. The heating and cooling to anbi ent condi -

(OO o R ot DResehE R e Rl g 2L i sagpote for o

e . . i
AR, £ iSRRG DGRl By IR M HERERB A emove
afighat@f preserst 16 ehasahples (typloatly a thnigeritite 6f betd@ehaBout
to anbi ent tenperature being subsequently transferred

50eCt0d S0tEspreéanbly haveen about 6 tor 520°€himatierpraferably about
S PR G G o kB ey

SR 30 IV, TR AR s B
t2 R 188 AR A dAS SPOA OV R 2 4 notlc%m%ﬂ&?,%ﬂ r@ﬁ@t&aﬁg ik BBfween

consi stent between sanpl es, even en usi di ffeéerent
abewstt20°Crimiin. toeQ°€/min | peefaably abyoue A0PCA8I. td BO°CAhe. ahore

cooling to anbient conditions in enbodinment 1 or 2 can
prferably abgut 4’ E/mip.ovi ded it is consistent between

sanples. Preferred cooling rate to anbient conditions

can raggfﬁ bet ween about 5 to 100C/ m n., fp_r eferably 30
[Q&28] 50 hs sampleas thenrsrbigcied togondiBonngnifisient to ensure the

b b 2 b . b 5C. ..
Wi EORShEbY P S, SUEH FoetioB) 245 st dpadeisiopinsing or
stiftfngS AE thd Shaplelis OF sﬁﬁ@erﬁ%‘ii&t aﬂd“th%@ﬁ%‘eﬁeiﬁ‘bf élflff?c‘?% t size
rande between about 200/ mn. to 6 mn., preferably

and dutablg/ thisrheatid@3tld dgitafioh edh eniccdmpliskal ihthegedtiel. In
is cooled to the chosen tenperature between about 20C

adwgeenpuglscelbed magnptiesidrandan bpvsad, boCnaganesal; shakingiis
bel o he base oil specifigcation poyr point, the )
st Alei Y e st van 62 e Andaefifted ih a separate vial
Lk ent it th | d test
R e PR o e B B, o zer0 to 500
seconds, preferably zero to 350 seconds,

[0029]  Optionally, a step 3(a) can be practiced in either Embodiment 1 or

Embodiment 2 in which the heated/agitated sample is then cooled at a consistent
cooling rate to ambient condition. The heating and cooling to ambient condi-
tions to melt any wax and remove any water can be repeated any number of
times if deemed necessary or desirable by the practitioner for the given sample
being evaluated and can either be done in the test cell or in a separate container
with the oil cooled to ambient temperature being subsequently transferred to the

test cell.

[0030] In the first embodiment wherein the sample is cooled to ambient
temperature and then to a target temperature between about 20°C above and 5°C

below the specification pour point of the oil, the rate of cooling in each step



nore preferably zero to 100 seconds. [0034] In the
second enbodi nent wherein the signal is read during
wo b@sesesps of cooling the sanpl e over the tenpRCHUSL004/039224
range of about 20C above to about 5C bel ow,
preferably about 10C above tg¢,about 2C bel ow the
speci fication pour point of %he base oil, this
cooling is also at a consistent rate between sanpl es
n i,nstruments and at about 0.1 to 1C/ mn.,. .
SBPBICAIE b KBbbLans e RerRpr samples sy B Biipe sfiffgrent est
thﬁﬁn@&sQﬁ%@ ﬂ%@t 0035] The oils used can be sanples
of actual oils e oyed in producing the desired
product and made practicing solvent dewaxi ng or
| yt [ . [ iy
(B0 Y o i PR cBfling £ altbfch cBnllfons i br@itiinind 161 2 can be
aflafxee, prvedddoe ks eodsistemdswasn sahples. @réi%rﬂeﬁ&iooﬁhg rate to
| east neet the WO 2005/ 054843 PCT/ US2004/ 039224 -1
anabiget copdifionsatamtrangel berweasincabdup ita tl 003/ mins eprefersbly 30 to
t &ically enpl oyed to produce the type of fornul ated
ﬁ@% U8 for which the correlation is bei ng gener at ed.
VWhile this is preferred, it is not essential to the
tice of the present invention. For exanp i f
[B{@fh y pf@%\FatB QOBﬁPg {2 adenperhye é’ef‘ﬁ?“g‘bgb% %Ecﬂbﬁ)tve to
I - () . e
ShuLSHER ey e 0% Bl Bl p2CHRUE G Bt
tRA pBur Poimta Embctimehb #lcah $an g5 wekh abBaV2OPT /thif Ofer
point of 0C, or +2C, etc., would not be appropriate,
G00€C/inas eprefdrablyaabong 46°@bmm. poi nt of, e.g., -2, -4,
-8, -10C, etc., would be appropriate. Alternatively,
sanpl es of actual oil known to be free of residua
[0833]c ontrebimbatlimentahdnce ¢hé¢ sampleds caolgdttogbe chgssinrtemperature

heisoamekbau AL aboue o b el preBaRbb Bt AL abore to sbout
2R RERA A PR o bol il dh e SR G ER p =

v@z[itiﬁ%?éﬂo@,qif elteces@%grl, Shatids tgzﬁﬁmtttﬁe RASPUCEnd et 4l {2

signals set and e oyed to ke fornmulated oils to

sexbii kid, it phicalihe floen zédoeto\li0Hosenends, prgfergbdy zyrooto 350 seconds,
properties of interest for such fornulated oils are

mere papigrally geemntael Q0 sreoadpase correl ating the delta

signal with the selected |ow tenperature visconetric
B&i)fﬁert or properties., [0036] The npst reliable and
[PO3tlst boiheseepndembpdiment yhgreindhe signak is tead during the step of

cooling the sample over the temperature range of about 20°C above to about 5°C
below, preferably about 10°C above to about 2°C below the specification pour
point of the base oil, this cooling is also at a consistent rate between samples and
instruments and at about 0.1 to 1°C/min., preferably 0.2 to 0.75°C/min., more
preferably about 0.25 to 0.50°C/min.

[0035] The oils used can be samples of actual oils employed in producing the
desired product and made practicing solvent dewaxing or catalytic dewaxing.
As used in the text and in the appended claims, the term “an appropriate

candidate dewaxed basestock oil” means an oil or oils that at least meet the



tion nmeasurenent to the selected | ow tenperature

vi sconetric property or properties will be obtained
whoosepsesent i ng the w dest range of residual MRUS2004/039224

types and concentrations to be anticipated and

predicted in the data base. This is because the type

and concentration of residual wax can affect both the

light scattering efficiency and the | ow tenperature

tihgRf BP: foific ARBE R0 ol ol BBy hintedlly &BBigyep g produce
tglggyipgaaﬁonﬁa&%e@ roREPEESwitich thd Bsnaé'ti'ogri@gg eWenerated.

ual wax types and concentration an ¢l usi on

Whilt ieis deprefbasd, iofs marpsasialid thegpiiataey of tharpresent invention.
residual wax types and/or concentrations that can
Hoir gxample; ik thetthipicebbasgl qil nermdlydiasa taeget fovo ppintiof no greater
ordeyr, 1o ensure.the reproducibility and.reliability of
thaeA1Go e P of Gils crpiolehio ioduge: s @Rsias sl siudlatly have
L N . . . )
556 Pt et 9 Bt PO 335 I niyind LERRGHInL 8 UG orv2oc,
SRR AFBIRTRG 1R a}ﬁﬂo,lsﬁﬁ_e%Mafée ofls ha§ittHl £8butt oint of, e.g., -2, -4,
variability, ‘“including the formulations of the final,
-8 Mi0S6edtcprwaildtbe apprdpniats pedternativdig, sabgses of hstual oil known
t hensel ves, the base oils are dewaxed Sﬁ ei t her

te 5 Jeerofgenidiphyas conigatinryen and aaeking dhe fagelpmy point or

cfid P oS 35251 ¢ f8ed BEPIRLER LR aotee Bufuyad pj Product

oA e PR vatioRt Fubfin anfikies VAL o Kol pdRertes, The

spikedsumplésy tstilbmeutiag e @egst poiur be flt, ican tthéh be used
same manner, that is, catalytic dewaxed stock(s)

te pradugetibe delipsignalssatiand cmpleyedi totmake Eorynilated oilaed
el Shiselor BSHRGbel CoiRery S oredps Ohiietohorsuch
GRRPRE O e M BB o trodle BV Bloc e O anal with

i 6&ed 10W temperahgt aidconset e PRoSérbflof PrdpRejed esent.
invention are specific for eacCh differen fornmul ati on

consi dered. [0038] Thus, the relationship between

[0636]a STl alost r¥lRbE dnd fobiist barslaties be desidwil Wi e @Hamina-
oil lowtenperature visconetric property holds true

tiborméasunarhentdd theseldeted dowedmparatuiy vibeomseimie property or
pRaperty il be SbuRRed by Fames IpEGPE Padest TanEs Ofbidual wax
types ra‘flﬁsc%%éntre{t?o%glts bierlmﬁigfpated and predicted in the data base. This is
because the type and concentration of residual wax can affect both the light
scattering efficiency and the low temperature viscometric property. The
reliability of the correlation can be reduced both by the omission from the data
base of samples with the full range of residual wax types and concentration and
by inclusion in the data base of samples with extraordinary residual wax types

and/or concentrations that can bias or skew the correlations obtained.

[0037] In order to ensure the reproducibility and reliability of the data, it is

important, as anyone skilled in the art will know, to be consistent with respect to



formul ati ons being different, even if nomnally

produci ng the sane final product test results. Such
waledosesesmee i n additives can produce differentPCEENIME039224

oils giving passing results using one additive

package now giving different jyesults or producing

failing results when using a different additive

package. [0039] The correl ati ons produced for one oil

r set of oils for a rti,cular . fornmul ated oil .., ..

Bossaeteisnr-virarafeld i sesforhicB ¥ sfiBey Sovariavility,

: sed; S

R T RN Be e il AR Do VMR epegt o the

babd 6H3 tHeMisedvas, fey base Wikrare dewared by @itheesolvesadesiaisg or

property or properties, even if the same property or

cpladytiés dé¢waxingqroedsses. | Whilefiad meaessprypasdempnsirajed imExample

correlatiqn fqr oils(s) for, e.qg., an _engine_ oil

lpitdadesiraiis and o _n@é e &éseagﬂ%g@nlgh AGrevaiuied oy aie to be

e et s SR 55580 sl R proggon of any
oRnftabil pgodic@ bkl wake@ M BRI sarhd mahnbfRRAIAatd19tic

use the sane cooling profile with respect to all base

deivaxed saickss)shedld se comparedtand gtatiped bathecatalgitialdewhase

oi | unknowns eval uated for the production of a

spwk(s)c Drederably prosiweed eingthe same satalyiopipsess whide solvent
di ' f, . the test | terial .of t [ |

deAARPE s0LR(Y st o< GemBdred Jnd Fip e Gt dgpined

b . . . .

o E et b Bl e e R0 S oL B PR TFORS  The
cbitelationk ¢eatrarakincths ipresenalnventioh atd epdvaie f&r dachalifibfent
Even the base oil heating tenperature, tine and

fomawlation consigerest i on to i nsure honpgeneity and cool i ng

to anbient conditions should be kept the sane between

sanpl es to renove_any. gossible source of
00381t | (Thus, dbe relationsbip belucenideliarignal intassitumechthe selected

e o D e Y RB Sy BOBES et Pt
PR B0 T AR TG o AR a2 e,

sGel a1t @, visadsitainder dmiphevdreeh pgufOpdidl deprebsinb® r&ult in the
(Hach I'nc., Colorado). Qher instruments suitable for

fomilagons heingtdifaremt,sviennf neminalnenodscimgehe sgmedinal peoduct
UV-Vi s, , )t t . g... Perki

tgst ﬁ%ﬁlu ts%wﬁ&eﬁe@%%g qﬁgygs;rgane 1r3rsod(uge Uifferent relsglts, oils

giving passing results using one additive package now giving different results or

producing failing results when using a different additive package.

[0039] The correlations produced for one oil or set of oils for a particular
formulated oil product low temperature viscometric property or properties
should not be used as a basis for predicting the passing or failing of that or those
oil(s) for any particular low temperature viscometric property or properties, even
if the same property or properties, for clearly different products; e.g., a
correlation for oils(s) for, e.g., an engine oil product should not be used as a

basis for prediction for, e.g., automatic transmission fluids.



[0042] Broad or narrow banded light within the UV,

visible and/or IR wave- |ength region of the spectrum
w@ansheisused as the |ight source, provided onCRCHUS2004/039224

i ght source and wavel ength are sel ected the selection

Is held constant for all basge oils evaluated to

create the data base and for "all unknown oil sanples

tested for any particular finished fornul ated oil

product. [0043] Only such uniformty will permt the

information contained in the data, base to be used

[0P401 ¢ onrnidashcongeercalinS RIS IseRwit Isdsepastans te yse the

StBeso0uPBTRE eiBtsoh 1Ol sebfesdlssg WEEHHE R data
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fiiishddsfoumatated bﬂrpra&@ctti &iel dimensions lof thié 86 telisy !hheftéx\ial of test
of sanples to avoid interference by absorption instead
cell fabideation; light sgursemeaampment dessens ciaimystthedept a§ uaiform
af}lﬂark color. [004 To ensure } hat asurenent s, gflde
{Rngistent as passble befwes IR L flimipate spy Magiabieother than

o R STl Elon ds i B, O ShonBRE LR s Rt heating
t%}gﬁéﬁﬁire! fiftier AiERbthoder bgﬁéﬁm%suﬂ@{%mggeneki)tg and cooling to

i brated. Light scattering instruments can
aodtiemtrcanditidns sheatdibé kgpt thhsamiedreavetmsanples ite seiove any
standards of known _turbidity. Suppliers of such
Possihlessoysce akvanticipated ¥adages Cheni cal s. The
instrunment signal is correlated to the known val ues,
usual ly with a linear function. The correl ati

n
[00mk): | o¥arigus Hsyments gxisher %ngbﬁaréaﬂﬂvéa'@ma}e@gaﬁwéae the
oBeBh RSB R ot e B 3P e R B
TP e B AT P PEbks (Kebipd, et
Ghinebin Ganaie) mad thedacts? O ANrBabifinietdreEBsh Inc., Colorado).

(typically about 0.1 to 10 microns) by neasuring the
QGthghiastrumeatsssuitable fmmalisg dight gasswissivnansaBrelRgnisrare any

f . i f i cl i ze. ' - t..i
i BB N s ey i PR Bl L
(ﬁilﬁl%cﬂ'iélt 'onsi stent over ti me or from | nstrunent to

Instrument. [0047] Calibration of the instrunent to

ensure consi stent reading fromthe
[0042] Broad or narrow banded light within the UV, visible and/or IR wave-

length region of the spectrum can be used as the light source, provided once a
light source and wavelength are selected the selection is held constant for all
base oils evaluated to create the data base and for all unknown oil samples tested

for any particular finished formulated oil product.

[0043] Only such uniformity will permit the information contained in the data
base to be used with confidence when evaluating unknown base oils for use in

producing particular formulated oil products.



sanme instrunment and reliable read-across capability
between different instru- nments of the sane type is a

wo e@bosgue wel | known to and appreci ated as i npOT/US2004/039224
by practitioners of chem cal analysis and analytic
technology in general. [0048} It is this
determ nation of residual wax content as evidenced by
a delta intensity of signal at |low tenperature in a

t i of fi [ permit s e VWO 2005/ 0 43
(PR soBar Hrogiush o5 st iR AT ol el tatoed paat 707 it about
e . . et ¢ . e
1900 Tt ke £y Moo 820 ok RPASMO000 A RERA 18] application to
thi nidiest Raribgssr sampleotogioidlinterfepsmeeiseatisoeptici Msteatied
finished product, with confidence that the formnul ated
soattering by sometsaples; esprsialythese of actagk colorpr operty
targets. It also enables a refiner to adjust dewaxing
and ot her operations to nmake basestock that will be
[8043]ab| ‘€o ensureiibat npasusemantstade withi ahwdirpmeatiat ene time can
permts refiners to make adjustnents on the fly so
bte_w&ennas%ﬁ ithose aa@@oe&t@aam Gpg o0 m%smﬂngﬁrg% made on one
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AR R AR TRF LA AN SSRGS MBS famen
@ B8 cafibralé R AE iRt stferi RisRHHRAL Hn POSAliH8fdd 8/ inRdsuring
is Bright Stock. This grade is produced either dsing
the sighal nténsitipsdoe stan(ifials dD\Rhowar tuabislidyy ehippliersaod sugh
process_whi ch uses solvents such as |i qui

S d
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o e S Sl AR B T lnicuomn d vt REsiA LR Forton s
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sidual wax can o noted earlfer, the wax
contami nati on may occur through rips or tears in the

[0646Y<1 MBorf ddrhEinstuBidhts! SR dbperdafcSRMHY Qgﬁeﬁson_ irtiB}e size

bypassi ng, channeling or poor catalyst selectivity in
nmdevagtover\tipteooefom fnSthientrymsahneanplfes, diis Bffeghshould
Stock from various refinery sources and produced

alsey beycalibsatewibis can bevlope overstheparticle sigerangel of nterest
(Eitiati howt B ald FreeBaTBY Hkasiing B Sehaiinfeiey tiotn

suspensions of beads of known, preferably uniform, particle size. The instru-

ment is adjusted until the variation in signal with particle size is consistent over

time or from instrument to instrument.

[0047] Calibration of the instrument to ensure consistent reading from the
same instrument and reliable read-across capability between different instru-
ments of the same type is a technique well known to and appreciated as
important by practitioners of chemical analysis and analytic technology in

general.

[0048] It is this determination of residual wax content as evidenced by a delta

intensity of signal at low temperature in a short period of time which permits the



quantify the differences anong the sanples with
respect to the mni-rotary visconeter (MRV) | ow

WO 2005054883ir € vi sconmetric property of an engi nePOI/US2004/039224
formul ated using the sanples. As an exanple of the
prior art used to detect WO 2005/ 054843
PCT/ US2004/ 039224 - 18 resi dual wax contanmination, the
cloud point (ASTM D2500) was determi ned for each of
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walh aneen dbw ztexnpemtmmauscmmﬂ:tyxz@ropextya targets Imirse epables a refiner
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bott om of the sanple cup. If no particles are present

in the sanple, the light reflects off of the mrror

Exathpdsvdly fromthe detector. If particles are present,

they scatter sone of the light toward the detector,

where it is registered as an increase in signal

[00493nsi Oye offthe bhasextockgmdesofhithés prosuced evmosbidfimgriey is
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[0050] Depending on the processing conditions used and the mechanical state
of the processing equipment, contamination by residual wax can occur. As
noted earlier, the wax contamination may occur through rips or tears in the
dewaxing filter cloth used in the SDW process, or by bypassing, channeling or
poor catalyst selectivity in the Cat DW process.

[0051] Several samples of Bright Stock from various refinery sources and
produced using the SDW or Cat DW process were evaluated in a study to
determine the extent to which residual wax contamination was present, and to
quantify the differences among the samples with respect to the mini-rotary
viscometer (MRV) low temperature viscometric property of an engine oil

formulated using the samples. As an example of the prior art used to detect



Time of Initial Intensity Measurenent fromstart of
step A (Sec.): 350 (about 60 sec after 0OCis reached
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Profile D Start End Rate, Soak, Step Tenperature, C
Tenperature, C G Mnute Secopds A anbient 60 40 10 B
60 20 40 0 C 20 60 40 10 D 60 8 40 1800 Ti nme of
Initial Intensity Measurenment fromstart of step A

régadiad g ittion, fuf Ebutiofl AubiLho3605e Brghihed for
eg@ﬁ%g{ ]Fﬁ%%t Sﬁ)’&ﬁ%ﬁﬁjﬂ?s? for 10 seconds, then cool ed

drately lowi ng this, the sarrple was
again heated to 60C and held there for 10 seconds. The
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e effect t her mal ory of e sanple

afalyizer ﬁﬁﬁ? ¢lsibleacddight systteaing wag uSHal wadrﬁlymcthb Is&me samples.
results of the analysis. Follow ing the heating steps
'Iﬂieesanqﬂm werabeatebiran pyerat I OforabosCl (hwe alofed @scool

B and D, respectively, Step (D)). Follgw ng
oBtabnchien qurf%@mms dhers msvg-eé & Briesd ceafapéranéb}@ﬁd in the

et AT e ietinb 75 sfPRIE AHaGRt Bt
AR ST PRI o Ay g i
shffac@ atithefbotteen. SThetep b thesamkis p@eh od thesa leotompartment and

recorded. The difference between the initial and final
facusghe pp;acarlaiauggomthc soyevelithesompartiaenta Liighefient ghe red

15D b Btk Birscied Al an igh5 ansle ikard ety St thikrored
tRRBREBF B, a TRED 21HF pRERIA ¢ TELES ﬁPtheg,thﬁ@ the Tight

SIS

&GS off d)isﬁg rhieroR 2@ Uy ﬂromTﬂh@ cfetef&d)r IPphirticles are present
tenperature nmust be | ow enough to pronote the growth

thdy saagtet adme of thmhghtmmwtdnhmdetngtor,ewhemat 1svmglstered as an
.conponent tq . an extent which can ?e relia
0

increase in signal intensity. The temperature of the cup 1s controlled by a Peltier
device. The sealed sample compartment is purged with dry gas during the

temperature program. The following temperature profiles were employed during

the analyses.
Profile B
Start End Rate, Soak,
Step | Temperature, °C | Temperature, °C | °C/Minute | Seconds
A ambient 60 40 10
B 60 20 40 0
C 20 60 40 10
D 60 0 40 1800

Time of Initial Intensity Measurement from start of step A
(Sec.): 350 (about 60 sec after 0°C is reached in step D)



detected by the analyzer within a reasonable soak tine

(e.g., 30 mnutes), but not WO 2005/054843
wWEANsSBED4/ 039224 -20 so | ow that the growt hP@f/US2004/039224

crystals fromthe acceptable wax normal |y present

(i.e., not the contam natingywax conponent) would be

pronoted and add to/interfere with the D val ue

determined for the sanple. Profile B (0C/ 30 m nutes)

ffo d suitable for the particular Bright Stock

\é\%@%ﬂproduced by the SDW process, and Profile D

(8C/30 minutes) was found to he suitahble for Bright
Stlock sanpl es Stasduced |by t heEmht DW pr ocBate, i n |t his®ak,
examgibg. |Bhidip@aaire] @S | Wenpenaeet, °C aneCMinuid1g Seconds
vartous ganpres of Brignt St ocK T ncluaged T ChlS
stludyA qt herambight | es [woul d 06 suitabl e f40 other 10
bgdsest ocks acco&éji ng to their ,xiscositly grade gnd the
d ng [process’used o prodgce them! [ O ] The s
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I netvrdadugt—btends—of —20Ws0—engrme—ort—ustng—fxgd
stjandar d |per cenéages off the r&spective cofponents.1800
preparing this series of blends, only the Bright Stock
conponent Tireuwfdajtialdstensity Measesrhentdromstat obstepane
fromthe sane_physi cal npl e as tested for residual
wax cont ehPC@kd 350 f(akaut éﬁ?%@ff“é&? Cors reacheddp SF%D'SI-

ot her conponents was used in preparing each of the

bl ends. The properties of the engine oil blends and

Dl / i ] j t j

R e e G P o e b tay
10sedaddss tHen dduledrian20°C.olmmedvdtslydiolivering MRY) the samipls was

of the 20Ws0 blends are plotted as a function of the .
aghiouleages! 1o Q06 andhbeldgberedior 10 seeongls: Bhaopepeserpb theninitial

bt 05 v SeSrOR LTS O ERAL PTIPG e sample which

cpﬁlzle@rf?cg@e g@%ﬁﬁstﬁﬁﬁﬁﬁaﬁ r%t@%ﬁ%@résﬁﬁ .o‘flt]?éjgnﬁgéig.t {low-

conmponent 1s an unre i abl'e 1 ndi cat or

g tHeteaMiny sedpstthe sepleewRO bb1ed 16 BEh&L0° @bt 8°Cl(sdeProfiles B
apparent that unacceptably high (failing) MRV results

and,gespactively, StetheDY)uFollowingea stabdization peiiedof 60-72 seconds
o el b o moeraty (EC A o i
R ARG - S0 Y SR Sl v

i aﬁaﬁ?zer. The final intensity of scattered light at the end of the 30-minute

e for

soak period was also recorded. The difference between the initial and final
intensity values was recorded as the delta intensity (DI) parameter, the primary

result of the analysis using the Phase Technology analyzer.

[0054] The appropriate temperature profile selected for the analysis depends
on the type of sample and the process used to produce it. The final soak
temperature must be low enough to promote the growth of crystals of the
contaminating residual wax component to an extent which can be reliably

detected by the analyzer within a reasonable soak time (e.g., 30 minutes), but not



delta intensity (D) values determ ned for the
respective Bright Stock WO 2005/ 054843

wWEADsNSARED4/ 039224 -21 conponents in Figure 2PCHERMN4/039224
the DI values show a nuch inproved correlation to the
MRV results than do the cloug point results in Figure
1. Based on the results in Figure 2, it appears that
a maxi mum DI val ue of about 4.0 for the basestock

B S RN, R,
) e ot | . !

ot i conGfnpEaY ek Ldinbbstii PwenkPRP Bl Floltd dhd dditBfinicfore

with&he DiSGMe deRy@MidOforavesarhple. Profile Br(0°CX¥0 minutes) was

2005/ 054843 PCT/ US2004/ 039224 -22 C al rn 000 N 00
fouhd suitabl for dhe partiedlar Bright)Stock samps prodecedbCthe-SDW
oo it S oo
Sg)c )s%rr}p(feszrrorc}iu\é\éyby%g Cit M\Q%r%é’ss in this iex.'atm'p'fe.‘]lB oth ﬁr%files
were used to analyze the various samples of Bright Stock included in this study;
other profiles would be suitable for other basestocks according to their viscosity

grade and the dewaxing process used to produce them.

[0055] The same various samples of Bright Stock were used to prepare
individual blends of 20W50 engine oil using fixed standard percentages of the
respective components. In preparing this series of blends, only the Bright Stock
component (source) was varied; each volume of oil came from the same physical
sample as tested for residual wax content and a fixed percentage of each of the
other components was used in preparing each of the blends. The properties of
the engine oil blends and the DI/cloud point determinations of the respective
Bright Stock samples used in the blends are summarized in Table 1. The mini-
rotary viscometer (MRV) results of the 20W50 blends are plotted as a function
of the cloud points of the respective Bright Stock components in Figure 1. This
graph illustrates the prior art technique used to detect wax contamination in
basestocks. These results indicate that cloud point of the Bright Stock
component is an unreliable indicator of the MRV of the corresponding engine
oil. It is apparent that unacceptably high (failing) MRV results can occur over
the full range of cloud points observed in this study, and that a definite cloud
point above which failing MRV results would occur cannot be established with

certainty.

[0056] The MRYV results of the 20W50 blends are plotted as a function of the
delta intensity (DI) values determined for the respective Bright Stock
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components in Figure 2. Here, the DI values show a much improved correlation
to the MRV results than do the cloud point results in Figure 1. Based on the
results in Figure 2, it appears that a maximum DI value of about 4.0 for the
basestock would be required to ensure that the MRV of the corresponding engine
oil would not exceed the maximum limit. The results in Figure 2 compared with
those in Figure 1 illustrate the improvement achievable with the present

invention over the prior art.
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2005/ 054843 PCT/ US2004/ 039224 -24- Exanple 2 Control
of MRV in 20W50 Engine O _4sing 2500 SUS Base Stock
Usi ng Tenperature Ranp [0057] The sanples of Exanple 1

were al so tested using the same equi pnent as in

EExaﬂls 1 but a tenperature ranp as in Enbodi nent 2
than a constant tenperature soaking period.

The iptegg §{]c,afi ﬁg iﬂ“fm pﬁgr Emgigigts égesgcb?zre .
Stavly UsingekemperairaRagipior ousl y the sanple was put in

the test cell and subjected to this tenperature

[60379" anrhe%éiﬁﬁleﬁw Hxafiple 1R¥dre.alst fé@telaﬁisqingﬂaeemle &piPment
temperature, C C U mnute tenperature, second

asirbEgampRo] Hit 4 8€ApefAnio rémp4s ihEmbBoditng 2Atﬁt1ﬁ:r tharPd

60 40 10 E 60 14 40 10, F 14 -2 Q.25 _
constant temperature soaking period. The specification target pour point for

these base stocks is -6°C. After holdihg the sample at 100°C for 1 hour, then

shaking vigorously the sample was put in the test cell and subjected to this

temperature program:

Start End temp., Rate, Time held at end
Step | temperature, °C °C °C/minute | temperature, second

A ambient 20 40 1800

B 20 60 40 10

C 60 20 40 0

D 20 60 40 10

E 60 14 40 10

F 14 -2 0.25

The start temperature in step A refers to the temperature of the test cell. The

sample temperature is near 100°C just before being put into the test cell.

[0058] The temperature cycling sequence of steps B and C is not a mandatory
step but is helpful to further reduce water content and dissolve wax in samples
that turn hazy quickly. A separate stabilization peribd after step E was not used
in this case because the temperature ramp was started well above the temperature

at which crystallization occurred.

[0059] In this experiment, in which the temperature was ramped from 14°C to
-2°C, Embodiment 2, various parameters are available to correlate to the MRV,

including an onset threshold, i.e., temperature to reach a small constant signal



The start tenperature in step Arefers to the
tenperature of the test cell. The sanple tenperature

WO 20060548431 00C j ust before being put into the tRST/USHII/039224
[ 0058] The tenperature cycling sequence of steps B and
Cis not a mandatory step byg_is helpful to further
reduce water content and di ssolve wax in sanples that
turn hazy quickly. A separate stabilization period
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[0061] That the optimum temperature to use is so far above the target pour
point in this example (+6°C vs. -6°C pour point) is surprising. The temperature
ramp is useful in quickly identifying the appropriate temperature or temperature

range to use to develop the correlation.



paranmeters may be sel ected using standard statistical

techni ques. [0061] That the opti mumtenperature to use
WO 2008054833 above the target pour point in thi BCEKESI0ps/E39224

(+6C vs. -6C pour point) is surprising. The

tenperature ranmp is useful _in quickly identifying the

appropriate tenmperature or tenperature range to use

to develop the correlation. WO 2005/ 054843
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visc, cP

DI @ 10°C -0.1 0.0 -0.1 0.0 0.1 0.1 3.5
DI @ 6°C -0.1 0.0 -0.1 1.7 0.3 1.1 12.0
DI @ -2°C -0.1 0.1 -0.2 34.0 16.3 16.8 45.8
Example 3

Control of MRV in 20W-50 Engine Oil using primarily 600 SUS Base Stock

[0062] It is required for product certification that the MRV viscosity and
yield stress of engine oils be less than specified values. One such formulation
contains 67 wt% of a 600 SUS (nominally 600 Saybolt Universal Seconds at
100°F) conventional base stock. The target pour point for these base stocks is
-6°C. Formulated oils were blended with the same performance additive
components, except that different 600 SUS samples were used. Those samples
had the same pour point. However, formulated oil MRV yield stress and
viscosity differed. The samples were tested using the same equipment as was
used in Examples 1 and 2. The oils were heated and held at 100°C for about one
hour, heating being carried out with the sample in a vial in an oven. Following
heating and agitation, the samples were placed in test cells. The table below

shows the good correlation of DI to MRV when a constant temperature of -4°C
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(1)

VRV 8L SHPRndit A%k dfter A IORAUG ki@ by S <35

Pour point| No flow MRV yield | MRV visc at DI DI
(D97), point stress at -20°C, (soak at | (soak at
Sample °C | (D5985),°C|-20°C, Pa® | centipoise® | 0°C) | -4°C)
1 -6 -6 <35 36228 0 16.4
2 -6 -6 >140 57400 0 75.6
3 -6 -7 <35 33400 0.1 4.7

(1) MRY yield stress target for the formulated oil is <35 Pa @ -20°C
(2) MRV viscosity target at -20°C for the formulated oils is < 60,000 cP

[0063]

conditions a DI of about 20 and less at -4°C best correlates to passing the low

Thus, for these oils for this formulation under the recited test

temperature MRV property target specifications of 60,000 cP maximum

viscosity and < 35 Pa maximum yield stress at -20°C.



(2) MRV viscosity target at -20C for the fornul ated

oils is < 60,000 cP [0063] Thus, for these oils for
W0 bios/of4su3rul ati on under the recited test condPCT/ORR04039224

DI of about 20 and | ess at -4C best correlates to

passing the | ow tenperature,gdvRV property target

specifications of 60,000 cP maxi mum viscosity and <

35 Pa maxi mumyield stress at -20C. WD 2005/ 054843
Egg!/gS&OOM 039224 -28- Exanple 4 Control of MRV in

Engine G| (Fornulation 1) Using Primarily 600

CobiRoPBas RIBVIG0WLIWEA SR DA (BoAniiafiBn [19064] The
Pty 508 SUSTHLE PR s Al Gk fEH 051 o1
—UST Sa

e equr PIent  as was used 11 cxanples 1, 2
and 3 and in a tenperature ranp as in Enbodi nent 2

er : [ :
4TS TP AoRRER [ElxeDe B ye PERARGI By orieRE using the
sﬁﬁ@%@ﬂi‘pn'ibﬁt%'\ﬁast&e@ ih BxasiAedl €2 ahd 300 inanentpekature ramp
there for about 1 hour. Start End Tine at end
a$ anBarbadiment 2 eather than mssonReang soalding éerapenagjre. Hefpretbaing
C/ m nute second A ambi ent 20 40 éSOO, B 20 60 40 10 C
paoimthe sestgellpthepibspmples gerghgated 1 yialy to g temperagurgof 100°C
6 Var j. ou neters are available to control the
a&&%?ﬂ%¥%@r@oﬁﬁi%8ﬂget threshol d, tenperature to

reach a given signal increase, and signal increase at

Yoo TS BT e g
i nes ai e YRABKANTE Hi gEPAPEBARECt he DI RpEvel | affdnperature,
eSper afure atCwhi ch val ué§ were nedslmisata ol cor sedande
L e BRI, T g s 2 ha 01800

B 20 60 40 10

C 60 20 40 0

D 20 60 40 10

E 60 2 40 10

F 2 -8 0.25

[0065] Various parameters are available to control the MRV, including an
onset threshold, teﬁperaMe to reach a given signal increase, and signal increase
at a given temperature. The onset threshold used here is the temperature at
which the DI reached 0.5. Dashed lines are shown in Figure 5 at the DI level
and temperature at which values were measured to correlate to MRV. All those
parameters can distinguish the different behavior in this case. The preferred
parameter in this case is the DI increase at -5°C. Figure 5 presents a plot of the
DI vs. temperature for the three oils tested as the temperature is ramped down
from zero to -8°C. In this case, the DI values were determined by subtracting
the measured intensity at 0°C from the measured intensities at subsequent lower

temperature, that is, the intensity at 0°C established the zero intensity base line.



paraneter in this case is the D increase at -5C
Figure 5 presents a plot of the DI vs. tenperature
wo o0ost0he843 hree oils tested as the tenperature PEI/DS20p€0B39224
down fromzero to -8C. In this case, the D val ues
were determ ned by subtractifg. the neasured intensity
at OC fromthe neasured intensities at subsequent
| oner tenperature, that is, the intensity at 0C
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Exanpl e B with Exanpd® W ot -6 which uédd the sahdé
oil sanples, it is seen that for the correlation and
DI values to be nmeaningful, the tests have to be
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11D & DEAE & gesTaipioe0l 2 Wit s ERdP8U Teiekst doreSlanatwille passing the
appl i ed agai nst "a data base generated using
MRoRiwremhpéatuae propertiesy ef mtereor(Sompennyg Fxampile 8arithng
and testing the sanples is necessary tQ ensure that
Exsaple ¢habetht of whichcisgd thesape pﬂéampcyLeSa ab/As e thad ferthe
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be applied to any given data base, the treating and testing applied to any sample
being the same as that used to generate the data base. That is, information in a
data base generated using Embodiment 1 will be useful and give meaningful
information regarding unknown samples only when and if the unknown samples
are treated and tested according to the Embodiment 1 procedures used to
generate the data base. The same is true if Embodiment 2 was used to generate
the data base, then the unknown samples would have to be treated and tested

according to the Embodiment 2 procedure used to generate the data base.



the data base, then the unknown sanples would have to

be treated and tested according to the Enbodi nent 2
w@e@sesisie used to generate the data base. WO PCT/US2004/039224

2005/ 054843 PCT/ US2004/ 039224 -30- Exanple 5 Contr ol

of MRV in 20W50 Engine OI_{formulation 2) Using

Primarily 600 SUS Base Stock Using Tenperature Ranp

[0068] Sanples 1 and 3 from Exanples 3 and 4 were al so

Et est Edéi n a second 20W50 engine oil using primarily
base stock, as were two nore sanples, 4 and

ContrBrbf MRV AA %oW%nEH&in(e(tbiW&ﬁﬁﬁaﬂbh 2enpl oyed a

Olhe B SRR SAD T alile RAY at i on

nt as
was used in Exanples 1, 2, and 3 and with the sane

S0 AR BB OIS et J05 e secona

2 ok AP ROt S Seasyp et e

ssapies o4 and Shbut inl thiddexdeiths forithedat2d\WDeraplyiyed aodifferém pour
a marginal fail in the MRV test because its yield
peint deprogsant sizm maFomeulation pa Samples were testeshising feiame
IS, <35 Pa. Sanmple asses IS ,equjr t. Sanple 4
efEipipn B vas AP i ERRTPTGRk 2 Bt A WD 1t sp SopBgdture
< 2 R j ileds
13 o5 6 Pt 37 The eing e P3P nepU I ViR 2 tomperature of
1b0vd ahd hBRL theasEiri®out D hoaebefsé baing putiihithgtdsncell, as in
repeat test. [0070] In this exanple, the onset
Exempde 4t ures do not correlate well with MRV, because
the poorly failing sanple 4 has a | ower onset

tenperature than _ the margi nall)i failing san&le 1. See
[6069]r e To. thismxamplecsapipls 1f shendilendedonin,thet 2GOWS0reagine oil, is

ST e T o0 8 B T Bt oo
PR 2, PP} ks PS54 FORBAC ot 4

alJodt Fail MPhEERsEREdaRkalt RielWistBss Was R230/ Hidti 3243 P4 hd it also
formul ated oil in respeCt to the selected |ow

faibstde atisoosity reqararhentof HGOHR0G ¢P.oSamples ésbordeylimes dssing
to change in_ response to changes to the fornulation
in pnevdst and failingwn aeepratsestir e property is

[0070] In this example, the onset temperatures do not correlate well with
MRV, because the poorly failing sample 4 has a lower onset temperature than
the marginally failing sample 1. See Figure 6. For these oils for this
formulation under the recited test conditions, a DI at -5°C of up to 0.2 but less
than about 1.7 correlates with passing the MRV low temperature property of
interest. Comparing this example to Example 4 makes is clear that the DI limit
values correlating with the pass/fail of the formulated oil in respect to the
selected low temperature viscometric property of interest may need to change in
response to changes to the formulation in which the low temperature property is

measured. The method will provide accurate predictions through adjustments to



measured. The nethod will provide accurate predictions
t hrough adjustnents to WO 2005/ 054843

wWEADsNSARED4/ 039224 -31 the correlation to D Ppé¢EUSI08KE39224
place in step bl O of Enbodinment 1 or step b6 of
Embodi ment 2. No flow MRV yigld MRV visc at Onset
Tenp. to DI point stress at -20C, tenp., reach 20
increase Sanpl e (D5985), C -20C, Pa(l) centipoi se(2)

,Lé tggggglat I@q%e pléc% f’rggt%p biO Sf %ﬂé%%&&?ntg F St?P 86 of
Oalmélilti <35 38100 -5.4 -8.2 0.2 (1) MRV yield

ress target for the fornulated oil is <35 Pa @-20C.
(2) MRV viscosity target at -20C for the fornul ated

oil Ts <N@q10QpO CMRVgé IMRY igndtroOnedt MR¥mipdto DI
Engi ng QO L§ink SW|303trest @ fenfp.p| lrbadhl N increase
SEHbES! (33985, %CCbéoci %@i dehulso%semqw red [ opprediicss soC

ctlll\..cul U1 D CI] VICI&%blICbéz

oftendine ofls he | &34y than s3dcVPfied ¥al ues. e such

f o3 nullati o/ _cont &/As<85 w89 f3%0ﬂ20 46 30Lﬁ36l I 1.7

bage dtock. The |t argz80 polir 8500 for -3these bhge 22.3

StHCcky 1S =A8C. |The Bgrnu at eg10p! s wessey bl endgd witho.2

L ||c SAIE peT formance addi tTve compaoments, except 1 trat
RV yi @Osn%kls"' R8ECroE 1R F&Enﬂfl%a HERL3STRE @ 20°C.
ase ave t e“sane c pol nt and pour point,
t {e) NRV Slscdsﬂmm'gétyat uzeed fop therfermaagdoil ipeD@Ofwkce,
and therefore would have been expected to performin
the sane manner in | ow tenperature testing. However,
ExlmphRY behavi or of lubricants blending with these t Wo
) [0072] The sane
pr evi ous exanpl es. [0073]
afdsl with & bnon DS e pRSEAYIPedSat | on of DI usi ng
a tenperature ranp, Enbodlnent 2, to the MRV. Prior

to introduction_ into the test cell, the oil
[0071]  Itis required for product certification that the MRV viscosity and

yield stress of engine oils be less than specified values. One such formulation
contains 82 wt% of a 120 SUS Group II base stock. The target pour point for
these base stocks is -18°C. The formulated oils were blended with the same
performance additive components, except that different 120 SUS base stocks
were used. The basestocks have the same cloud point and pour point, the tests
commonly used to ensure good performance, and therefore would have been
expected to perform in the same manner in low temperature testing. However,
the MRV behavior of lubricants blending with these two base stocks is much

different.
[0072] The same equipment was used as in the previous examples.

[0073] The table below shows the good correlation of DI using a temperature
ramp, Embodiment 2, to the MRV. Prior to introduction into the test cell, the oil



WO 2005/ 054843 PCT/ US2004/ 039224 -32 sanpl es were

heated to 100C in vials and held at that tenperature
woerosabsys 1 hour. Start End Rate, Soak at enpCT/BSmp4/039224

tenperature, C tenperature, C Cmnute tenp., second

A anbient 20 40 1800 B 20 6,40 10 C 60 20 40 0 D

20 60 40 10 E 60 -8 40 10 F -8 -22 0.25 [0074]

Various paraneters are available to control the I\/R?]/

I | to reac

sBBIc g e Do LRI o KR RAAL Mol B R e
hb@ﬂperature Al'l those paraneters can distinguish the
different behavior in this case. The preferred
paraneter in this case is the DI increase at -19C.
Figure| 7 preterits a ¢orrel Endon betweeRatehe chaBgsk atend

SisgeR! | 1teinpatine, °CD| ) tefpepattird, €TPEr BCAhRLAS [[ Bnp., second

ratur alTpe agowl onr-14C 10 P AVE

[\}e "'i ] L bﬁe r\u-ll-)»-x_r bas |Ic ha f4Q1||ra o 1
en [-15C 189 - 21C | Pourdoi nt| G ouclg
poiGt VRV yi ©0d MRV yi sc at20Onset [fenp.4@ o0 DI 0
ess atg(y 35C, fenp,4ggeach 20 1o
—35C, |gd(|) (..-‘llll 9 bc\L

: 12600 17 O
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<af 08500 -1688 -17 b 74 4-221) MRV V1023 strless

target for the formulated oil is <35 Pa @-35C. (2)
d .Stress target at -35C for the fornul ated oil

084280 Vousoarametanp e avecishis 1 TR ncluding an

%(#Zt‘ﬁ?ﬁ%ﬁli&gr% AR b eeoh gV Sigmhl i g ol Pefdgorease

af & given temperature. All those parameters can distinguish the different

(02

behavior in this case. The preferred parameter in this case is the DI increase at
-19°C. Figure 7 presents a correlation between the change in signal intensity
(DI) versus temperature as the temperature is ramped down from -14°C to -22°C

for two Group II Light neutral base oils, the figure showing the changes between
-15°C to -21°C.

Pour point|Cloud point| MRV yield | MRV visc at | Onset | Temp. to DI

(D5950), | (D2500), stress at ~35°C, temp, | reach 20 | increase

Sample °C °C -35°C, PalD centipoise(z) °C DI °C | at-19°C
6 .18 -13 <35 18600 | -17.9 | -20.0 57
7 -18 -13 <35 98500 -16.8 -17.9 T4.4

(1) MRYV yield stress target for the formulated oil is <35 Pa @ -35°C.
(2) MRYV yield stress target at -35°C for the formulated oil is <60,000 cP.

Example 7
Control of Brookfield Viscosity in Hydraulic Qils

[0075] Itis desirable that the Brookfield viscosity of a hydraulic oil used in

some applications be kept to a minimum for optimal performance. The oil



sonme applications be kept to a mninmumfor optinal
performance. The oil WO 2005/ 054843 PCT/ US2004/ 039224

WO 3®50818Ri ns 59 wt % of a 100 SUS base stock. HEEUS2004/039224
target pour point for these base stocks is -18C. The
hydraulic oils were bl ended i th the same performance
conponents, except that a variable anmount of wax was
added to simulate undesirable | eakage of wax into a

oS B o el ) STIS IS bteho R sprBel BOurite fos thése base
stgglaslijiée-lg@ 'I%Eq’lggg&ﬁﬁ%ilg Wert Blend&E withXthe Safy rmance

ment “was u as In the previous exanples. The

corpbelie cxoepitausa vhkaloathaorn ofivadx was afldéd to simulate
Brookfield Vviscosity when a constant t enPer ature of _
undsSirabledsekhgeroft wax fitp al base stackgluringymgnuiachuing at a refinery.
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e{%{. teﬁ? Ge 4198 Helow BRoWs grRkEd&I Bortélatibalod Pl t8tBrodkfeld

e ol |l product is 2800 cP maxi num Therefore D
visebsigswhtn alvounttadbtenmutiratare of HAC isheseddn file fraalcswalidg step of
be margi nal but at values of |ess than_45, and

therRF measurpmend emphoying Fsabedineni } asingthesamelempriature
be good. Exacgﬁllsﬁ%KS (‘@?rol of Brookfield Viscosity in
PIQSF RS TECHG WPEP-0 I's [0077] It is desirable

that the Brookfield viscosity of an automatic trans-

Kt + 2 H
t LY LB L

m sgtet—ett—be—ke —f Pt TEL: ;

performanc‘%. The ETF oi IPLt ydied  doHP oﬁ?@%%%\ﬁlt%%f 3
100 SUS bw8% st ock, (30K #taftged dour pd0rfe. ¢eiipose sus
base stock@ is -18C. TheQoil wag bl ended 2820 t he sand
performangg addi t[ve cogponenty, except Q@g@ a

var f-abte ﬁlg.ﬁunt O —WaXx V)f:lg detteratet Yy dﬁggbl O
1.0 45.0 2760

[0076] The Brookfield vis target at -30°C for the oil product is 2800 cP
maximum. Therefore DI values of about 45 indicate that the performance will
be marginal but at values of less than 45, and preferably about 5 DI and less the

performance will be good.

Example 8
Control of Brookfield Viscosity in Automatic Transmission Oils

[0077] It is desirable that the Brookfield viscosity of an automatic trans-
mission oil be kept to a minimum for optimal performance. The ATF oil studied
contains 57 wt% of a 100 SUS base stock. The target pour point for 100 SUS
base stocks is -18°C. The oil was blended with the same performance additive
components, except that a variable amount of wax was deliberately added to

simulate undesirable leakage of wax into a base stock during manufacturing at a



si mul at e undesirabl e | eakage of wax into a base stock
during manufacturing at a WO 2005/ 054843

wWEADsNSARED4/ 039224 -34 refinery. Al conponenPGI/vE2064/039224
bl ended at 100C for 1-2 hours to ensure conplete
di ssol ution of the wax. The:rﬁ@_rre equi pnrent was used as
in the previous exanples. e tabl e bel ow shows the
good correlation of DI to Brookfield viscosity when a
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20,.000 cP ijjum Thus, DI val ue f about 45

SORGRG 5P THEE D IToHRr PR N FrRBlcA & EliosBRent { S54as at e
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t%s’%?v%mgfgg%@iggﬁne?%gg‘}@ea out gl Dl ang | ess atv?4g:eZs

evi denced for the other sanples performance will be

good. [OO79 Tt s TMETEIRy & COl NLi{ i hal I g Evel
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i nflugnce gand be¢ reflecged in d| fference33jgn t he exact
| evel [of D _and {he te ature gt vvnlcrs 'S
nmeasurled t ensures passing a Vi scomet ] X property

paranmgter targef for d43.0erent [ypes of19@0nul at ed
oi | products. VWO 2005/ 054843 PCI/USZ0047 039224 - 35-

[0078] The Brookfield viscosity target at -40°C for this oil product is 20,000
cP maximum. Thus, DI values of about 45 indicate that the performance of a
product formulated from the oil sample will be marginal but at DI values below
45 and preferably about 5 DI and less at -4°C as evidenced for the other samples

performance will be good.

[0079] It is merely a coincidence that the level of DI values that correlate to
passing performance in the hydraulic oil of Example 7 and the ATF of Example
8 are the same. In general, the additives and co-basestocks and the type,
temperature and other conditions of the low temperature test will all influence
and be reflected in difference in the exact level of DI and the temperature at
which it is measured that ensures passing a viscometric property parameter

target for different types of formulated oil products.



CLAIMS: 1. A nethod for determning, in real tine, the

suitability of basestock oils for use as the
whawsssesaks in the production of fully fornul ap€rusion$039224

nmeeting product | ow tenperature visconetric

properties, which nethod co_r%r_i ses: (a) selecting at

| east one |l ow tenperature visconetric property of the

fully formulated oil, (b) producing a training set by:
C&égﬁﬁpuri ng a sanpl e of dewaxed basestock oil; (2)

g the basestock oil sanple for a tinme and to a
tenperature sufficient to nelt all the wax in the
sanplle; A(fgthadifontetegnitieg ieateldimanhiesuitability @if dasestock
hoanenelt (4) cooling the oil in_a sanple ce

rpp@caswﬁ@ hasgstagksdn &lgf‘dpr@életlpw iﬁ\é‘é}ﬁﬁonr%ndated oils meeting
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flfifly fdeatudted g, base oi | specification pour point; (4a)
wai ting for the sanple and test cell to stablllze (5)

meas ()i nprodheing yyiraining seidat t er ed/ r ef | ect ed light off
f t tted | .t h t t th
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sanpl e erature o
mnutes to 3t&ﬁﬁé&turé%hfﬁ@é&%'rﬁ&t hi1ehé waiRkdh thé sample
scattered/reflected or transmtted |light at the end

of the h@)d wnpimting thetleatdl tampsle taissuae hoomggneity;
intensity reading and neasuri n any change i.n si

i nt ensi téi) ( 6ephiag thy ethin wamp ﬁ@mqlpa@i %é@rhfta%@g and
first signal the second.si

2005/ 054843 ﬁ&ﬁ’ﬁ’ﬂ%ﬁ‘%ﬁé‘&‘? 3 é‘%mlggn%d £t MHéastifiment of

reflection of light or transmittance of light generated by a

source to a temperature in the range of between about 20°C
above the base oil specification pour point and about 5°C
below the base oil specificatioh pour point;

(4a) waiting for the sample and test cell to stabilize;

(5) measuring the signal of scattered/reflected light off of or
transmitted light through the sample at the temperature of step
4 after the stabilization period to secure a first intensity
reading;

(6) holding the sample at the temperature of step 4 for from 1
minutes to 3 hours;

(7) measuring the signal of scattered/reflected or transmitted light
at the end of the hold time of step 6 to secure a second
intensity reading and measuring any change in signal intensity
(delta intensity of signal) between the first signal and the

second signal reading;



-36 (8) formulating an oil product using the basestock
and neasuring the selected | ow tenperature

WQR@sOMSE3 i C property or properties of step (BYT/US2004/039224
associated with product quality; (9) repeating steps
1-8 using different tenperatyres between 20C above
and 5C bel ow the specification pour point, as needed,
until a relationship is observed between the delta

B B
choice; (10) tﬁé’é%l@ét@&'tl&gt eﬁ%&%&é&n‘%ﬁb‘@fo@éﬁ bﬂna'

to the sel ected ture visconetric propert y

or properti e&pm%&he§Ub$@p(a)“@sac1hmlavﬂh|prb@1at®@ﬁt}ﬂ;
(d) comparing the delta intensity of signal of the

base oi | (Df sepgating)stapst S using @m@ltatﬁmnrm b@m@en 20°C
to predict whether f | ated oil . possessing.t
sel ected | owab@%éﬁfiﬁﬁ@%‘gm%ﬂ%g )Poé‘ilt as needed,

properties can B Qﬁ? |

nmet hod f or dé%‘?ﬁf%fﬁgnﬁﬁh ?g% e dsl%fi It%%ilte{lsny of
of base st 001'@1%&'1 hitd R sels@edfow mnpa%mrétf@ﬁhﬁlaltéa 61'1‘6
production o 'y formulated oil Pproducts neeting

product | ow tvivtoatetic peoperscangopertiesrofphoidess, sal d

nmet hod conprisin (a) selecti ng at | east one
t enper at (k3 @pg@&@grth@ delta patensitioef sigeal toufhe §elected low

f | ated oil; d t b
e S AT bR, 2
 he E@ H@d@%@;&bﬁé%ﬁté% '1% ed oil; (2) heating

atine an toaterrperature

suff Réﬁngfﬁid déltd intdiBityf sighal b€ tieabaeail 683tep (c) with
agit at [ ng the sanple to insure honogeneity; WO
tiR0a5T €548 dadBse/82 pretic3ekether a frmulated oil possessing the

selected low temperature viscometric property or properties can be made using

said base oil.

2. A method for determining, in real time, the suitability of base stock
oils for use as the base stocks in the production of fully formulated oil products
meeting product low temperature viscometric properties, said method
comprising:

(a) selecting at least one low temperature viscometric property of the
fully formulated oil;

~(b) producing a training set by:
(1) securing a sample of dewaxed basestock oil to be used in
producing the fully formulated oil;
(2) heating the basestock for a time and to a temperature sufficient
to melt all the wax in the sample;

(3) agitating the sample to insure homogeneity;



(4) slowy cooling the sanple in a sanple cell
equi pped with heating and cooling neans and fitted

wo orosohs43reasur emrent of  reflection of |ight oPCT/US2004/039224
transmttance of |ight generated by a source froma
t enper ature about 20C above_gﬁ_about 5C bel ow the
pour point specification of the oil, neasuring the
reflection/scattering or transmttance signal, and
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possessi ng t hshgotd E6drR@ ih QYeria® MRShSHH( R iBRASRY OF Signal)
property or properties can be nmade using said base

oi . 3. The ndhirhgsaid codlamgn 1 or 2 wherein the heating

of step (b) (2) is for a tine and to a tenperature

suf fici ebd) t Jommplating an oibpraduced usig thebgpestegkioil gnd
renove any water present in.fhe sanple. 4. The nethod

of claim1 orm‘ias\)\ﬂ%% .Sﬁﬁ%?‘%%iﬂ"f ﬁedng%)réﬁxrg (VA§cOometric property or
practiced : hS; &Hiﬁ' .

condi tions \gﬁgﬁﬁﬁ%wE gt? (Seé KH %:gscﬁoiélnag&?w rrrtB)Fent u%ﬁi"ty,

condi ti o(6) s degtel@bny hieqleltadlenbity of gighdDid thieeldatedlow
met hod of claim1l wherein the rate of cooling the
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about, 5C hel ow t he base oil peci fication pour point
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with the correlation data base to predict whether a formulated oil possessing the
selected low temperature viscometric property or properties can be made using

said base oil.

3. The method of claim 1 or 2 wherein the heating of step (b) (2) is for
a time and to a temperature sufficient to melt all the wax in the sample and to

remove any water present in the sample.

4.  The method of claim 1 or 2 wherein a cooling step 3(a) is practiced
whereby the sample is cooled to ambient conditions and the rate of cooling to

ambient condition is between about 5°C/min. to 100°C/min.

5. The method of claim 1 wherein the rate of cooling the sample to the
temperature between about 20°C above to about 5°C below the base oil

specification pour point is in the range of between about 20°C/min. to 60°C/min.



(4a) ranges fromzero to 600 seconds. 7. The nethod of
claim1l wherein the holding period of step (b)(6)

WO 200305483 om about 30 m nutes to about 90 m nUPEBUSBIN4/039224
The nmethod of claim1 or 2 wherein the reflected or
transmtted light is in thesgltraviolet, visible or
i nfrared wavel ength regi on of’5 the spectrum 9. The
nmet hod of claim 1l wherein one or nore additional
sanples of the same or of different dewaxed base

stock oil s are_ subjected. individually to_ steps .

(b) (1-9) methed Sfclait b heseinghe gefiod of ﬁPiWé@%tancﬂf step
Lgnal v formul ated oil | ow

@éﬂ%’&gg‘? ﬁﬂbzfvg?llgggr@rsﬁg&g&(iperty or properties for a
multiplicity of base oil sanples. 10. The nethod of
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raRedsSrbRChHoNE B ih@tdsitolaboub 9@ Rsinfilek( 1-5) to create a
data base of delta intensity of signal versus the

selected formulated oil |ow tenperature visconetric

propey.ty Thie rREMBE I Icfind Por 2 whateid Bleireflbyte@lor BAHSMkdd light
sanples. 11. The nethod of claim 2 wherein the cooling

19in theanlramjullet, visérle ohénfraredpeaedength regiga of ftha bpactru2® C

above to about 5C below the specification pour point

of the base oil is at a rate of about 0.1 Cto 1

C mi 9. 1ZheThethodtdficthiof 1 siheirem bnerordnetecadslinondlsatnples of
enperature, visconetric  property._ is selected fraom

same oF of glifferent dew axed e stagksidsiuesubiagisd wdgvidually to
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tenperature visconmetric proper les are
mwltiplicay ed base biisampibgser at ure at which the intensity

of signal begins to increase (onset tenperature). 14.

The method of claim2 wherein the selected | ow

t enpdilat Tihe methed offelaiinc? prhepeintonear moepelditiesl aamples of

correlated to the tenperature at _which a given delta
thesams or P gitfereghdewaxed Rasesogk oils arerpitbipeied derliyidually to
S ép%'(g}(%- ot etahcﬁlta? Sgs%cct)fe (fjeléaol\rlxvtetngl %Ef%}gli%?versus the selected
formulated oil low temperature viscometric property or properties for a

multiplicity of base oil samples.

11. The method of claim 2 wherein the cooling of the sample over the
temperature range of about 20°C above to about 5°C below the specification

pour point of the base oil is at a rate of about 0.1°C to 1°C/min.

12. The method of claim 1 or 2 wherein the low temperature viscometric
property is selected from mini-rotary viscometer (MRYV) viscosity and yield

stress, Brookfield viscosity, cold cranking simulation (CCS), pour point.



visconetric property or properties are correlated to
any conbination of tenperatures at which given delta
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intensities at given tenperatures.
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13. The method of claim 2 wherein the selected low temperature
viscometric property or properties are correlated to the temperature at which the

intensity of signal begins to increase (onset temperature).

14. The method of claim 2 wherein the selected low temperature
viscometric property or properties are correlated to the temperature at which a

given delta intensity of signal is reached.

15. The method of claim 2 wherein the selected low temperature
viscometric property or properties are correlated to any combination of
temperatures at which given delta intensities of signal are reached and delta

intensities at given temperatures.



