METHOD OF ANALYZI NG BASESTOCKS FOR LOW TEMPERATURE PROPERTI ES FI ELD OF THE
| NVENTI ON [ 0001] This invention relates to a nethod for analyzing a

| ubri cat iwg 20édi0sksap | ow t enperature properties. The net lped/usbadsiozess

2-di mensi onal gas chronmat ography (2D GC) to determ ne the amounts of
paraffins and isoparaffins in the oil. In particular, the nethod anal yzes
for a particular isoparaffin fraction which is correlated to | ow

t emperature performance. The conpositi-@enal information thus obtained is
correlated with fornmulated oil Mni Rotary Visconeter (MRV) properties.
BACKGROUND OF THE | NVENTI ON [ 0002] Modern industry standards are pl acing

i ncreasi ng demands on METHOD (GIMAN AL VZENPEBASERHTSEKRS €engine oils. The
| ow t enper at ure perfOri\%ﬂ@E(WVﬁTE]WﬁR}\j@EEQ‘R@PERﬁE%an be i nmproved by

i nproving the base oil 7—by rmproving the addrtrves used in fornulating the

oil or both. The | ow tenperature properties of base oils may al so be

i nproved by using a synthetic base oil such as a poly-al pha ol efin (PAO.

[0003] The IKIBLDEOITHEINVENTIONi es of any oil are influenced by the

presence of waxes such as long chain paraffins. These materials are thought

to formwax crystals at |ow tenperatures. These wax materials in turn

?SXVG[ Zﬁ{) Bérgz[g%lt] t Phid feMidy reBlied 8% Réthod MSnERYHe WIuBri8fig iRt | On of
low temperature properties. The method utilizes 2-dimensional gas

chromatography (2D GC) to determine the amounts of paraffins and iso-
paraffins in the oil. In particular, the method analyzes for a particular iso-
paraffin fraction which is correlated to low temperature performance. The
compositional information thus obtained is correlated with formulated oil Mini

Rotary Viscometer (MRV) properties.

BACKGROUND OF THE INVENTION

[0002] Modern industry standards are placing increasing demands on the
low temperature performance of engine oils. The low temperature performance
of formulated engine oils can be improved by improving the base oil, by
improving the additives used in formulating the oil or both. The low
temperature properties of base oils may also be improved by using a synthetic

base oil such as a poly-alpha olefin (PAO).

[0003]  The low temperature properties of any oil are influenced by the
presence of waxes such as long chain paraffins. These materials are thought to
form wax crystals at low temperatures. These wax materials in turn adversely
affect the fluidity of the oil thus causing a deterioration of low temperature
properties. It is common practice to at least partially remove waxy materials

from basestocks by dewaxing. Dewaxing can be accomplished by either



properties. It is common practice to at |east partially renove waxy

mat eri als from basest ocks by dewaxi ng. Dewaxi ng can be acconplished by

ei t her solwenboswsswat al yti c means. Sol vent dewaxing is apphyse@slosrzes hod in
whi ch waxy nol ecul es are separated based on their solubility properties in
sel ect solvents. Catal ytic dewaxing chem cally converts the waxy nol ecul es
to other nol ecules that have better |low tenperature properties. Catalytic
dewaxi ng may occur by cracki ng waxy ne2ecul es or by isomerizing waxy

nol ecul es. [0004] Anot her approach typically used in conjunction with
dewaxing is the addition of additives such as pour point depressants as

part of an ggdidtiorRaRdgicaacanaddRslvdne dewexihp iy 4 piasicad neitlodiasestiock to form
a fornmulated oil. Pour point d;s)ressants are generally polyneric materials

t hat i npr ovevaxpendleaules arg serfarated based op their salpfality praperéics Hesefstir poi nt .

However, an iven r.. poi nt . depressant w i t 4 nfluence on
the pour po ﬂt?’ergé'pgﬁﬁyﬂﬁ (geﬁv PHE "E‘S%“r‘@yé’f’ HY%{ES tglgﬁlxﬂ “gddé‘fs"?ésg‘ﬁ."%i le a

gi ven pour pRjiédulddaRatansabettdraywhempérheed propeities.008tad tlc, dewtaxiiy be
ineffective in another. Thus it is necessary to test the | ow tenperature

properties ofayaecel by eracking waphienglemulescn by IBmeHNG MLy mpdeuldSve package
contai ning a pour point depressant. [0005] One nethod for determ ning |ow
tenperature punpability of an engine oil is based on the Mni Rotary

Viscometer (d¢ed). Ardotier qur@acmfyﬁma? ukddnie dohpunktivn tethipizmakingds feoper ti es
of a fornulated oil include Brookfield Viscosity, Scanning Brookfield
Vi scosity, @dditiomoandditiyessiuglypapenr podytdepresantsasdaifranpgdditve whi | e t hese

test met hOd%acg(%%e Xh&'édd toitﬂé erb%gtiinognoil basestock to form a formulated oil. Pour
point depressants are generally polymeric materials that improve the fluidity of
an oil, i.e., they reduce the pour point. However, any given pour point
depressant will have a different influence on the pour point depending on the
nature of the oil in question. While a given pour point depressant may be
effective in one oil, it may be ineffective in another. Thus it is necessary to test
the low temperature properties of an oil to know the influence of any given

additive package containing a pour point depressant.

[0005]  One method for determining low temperature pumpability of an
engine oil is based on the Mini Rotary Viscometer (MRV). Other means of
measuring the low temperature properties of a formulated oil include
Brookfield Viscosity, Scanning Brookfield Viscosity, Cold Cranking Simulator
test (CCS) and Pour Point. While these test methods may yield information
about the low temperature properties of any given oil, they do not necessarily

provide information as to the compositional features of that oil.

[0006] Various physical techniques have been developed to investigate the
composition of crude oils and fractions thereof, including Fourier Transform

infrared spectroscopy (FTIR), liquid chromatography, gas chromatography



about the |l ow tenperature properties of any given oil, they do not
necessarily provide information as to the conpositional features of that

oi | . [ 0008D 2vawiseses physi cal techni ques have been devel ppedist@siomeest i gat e
t he conposition of crude oils and fractions thereof, including Fourier
Transforminfrared spectroscopy (FTIR), liquid chromatography, gas

chromat ography(GC), nucl ear nmagnetic resonance (NMR), and nmass spectronetry
(MS). Due to the conplexity of petrol e8sn m xtures such as crudes, no

techni que is capable of providing precise conpositional details of all the
i ndi vi dual nol ecul es maki ng up the petrol eum m xture. [0007] GC/ M5 net hods

use GC to aKGC?Qﬁf&:leﬁﬁfrﬁa%ﬁétic%eﬁﬁﬁﬁé@@ﬂvla),r’dnﬂtrﬁdise sheitRNEARPAAENt Buther eof and
MS is then used to idenfify the components. Petrol eum mi xtures are very

di fficult t o thesomplexityted peidicumauigturedsisbraserudea o teshnifee Bonpl exity of
t he m xtures a%geo%%?@%&rfﬁé%t%ﬁemn%?%{ai H&%i.lso(ﬁf:ﬂﬁ'ﬂx iﬁd]ﬂfd‘(xhldual nol ecul es

under given® nensional gas chronmat ography (2D

Q) is a regRMcul@chaify8)p itafethastinbeRauaevel oped as a high resol ution
alternative to conventional M5 techniques. In 2D GC, a sanple is

subj ected to two sequential chromatographic separations. The first

separation | part separ,ati o fLlSt.. I Tar r-ation col um.
The parti al |[®0§bpa,d£/§)bs E‘Sﬁ{ﬂ’gﬁé‘ﬁ? §C§¥g?{eﬁ%trpsahz}cﬂé/cs}%é%ﬂfen%'rgﬁgﬁ%é%)nd or
secondary Cebiponeiietherdohgyd MBIRIEh dsed thRlentiBae @binponenthie two col umms
usual Iy have different selectivities to achieve the desired degree of

separ at i on. Pamolewanmixéures arzyeccdiffigulbie reslyriintgindgyidual components' due
to the complexity of the mixtures and the similar retention times of many

individual molecules under given GC conditions.

[0008] Two-dimensional gas chromatography (2D GC) is a recent technique
that has been developed as a high resolution alternative to conventional GC/MS
techniques. In 2D GC, a sample is subjected to two sequential
chromatographic separations. The first separation is a partial separation by a
first or primary separation column. The partially separated components are
then injected into a second or secondary column where they undergo further
separation. The two columns usually have different selectivities to achieve the
desired degree of separation. An example of 2D GC may be found in US
Patent No. 5,169,039.

[0009] It would be desirable if the chromatographic separation information
on paraffin distribution in a basestock available from 2D GC could be

correlated with low temperature properties of formulated oils.



Patent No. 5,169,039. [0009] It would be desirable if the chromatographic
separation information on paraffin distribution in a basestock avail abl e
from 2D GEocoeddsdwe correl ated with | ow tenperature propertisesmsofii22s

formul ated oils. SUMVARY OF THE | NVENTI ON [ 0010] This invention relates to a
process for predicting the Mni Rotary Visconeter (MRV) properties of a

w de range of formulated oils, preferably for use in passenger car internal
combustion engi nes based on paraffin déstribution which conprises: (a)
injecting a basestock sanple into a first colum of a 2- dinensional gas
chromat ograph, said first columm being coated with a nonpolar material to
separ at e t hgUMMNSRYCBFSAIR/ INVENPIONSeri es of first di mension sanple
conponents having a t1rst set of retention tines; (b) injecting the
separated first dinmension sanple conponents fromstep (a) into a second

col umm coat Ath.a.sem -pol a rial L her e separat ed
first di meng(ﬂ)c}m saﬁgrsé“X%ﬂ%%SrfSﬁEegqﬁgﬁ E&S%%%ﬁhwggﬁﬁéﬁggﬂégﬁgﬁaycorrpgnent S
having a se¢Qadnieeir (MRV EpRpEities of 4 Wi rahgy oSlobmalitddgls, peeférablytfoand second
sets of retention tines to qualitative analysis to identify iso-paraffin
conponent s use igrpasgsingerscar frsemal camplistion gugines based 0B parsaliy disgiuiongent i f y
the quanti tgr of, the risso; paraffin conponents having carbon nunbers in the
lubricant b élécélt%o&p f%’ge; (d) grouping the iso-paraffin conmponents into x
groupi ngs where ¢)i S injecting a basestock sample into a first column of a 2-

dimensional gas chromatograph, said first column being coated with a non-
polar material to separate the basestock sample into a series of first dimension
sample components having a first set of retention times;

(b)  injecting the separated first dimension sample components from
step (a) into a second column coated with a semi-polar material to further
separate the separated first dimension sample components into second
dimension sample components having a second set of retention times;

(c)  subjecting the first and second sets of retention times to
qualitative analysis to identify iso-paraffin components or groupings thereof
and to quantitative analysis to identify the quantity of the iso-paraffin
components having carbon numbers in the lubricant basestock range;

(d)  grouping the iso-paraffin components into x groupings where X is
a number from 0 to 3 for each identified individual lube paraffins in the carbon
number range from 16 to 50;

()  selecting a lower carbon number n and an upper carbon number

® identifying a first, second and third iso-paraffin group A, B, and
C for each individual carbon number over the range from n to m;

(g) calculating an Isoparaffin Index by the formula:



a nunber fromO to 3 for each identified individual |ube paraffins in the
carbon nunber range from 16 to 50; (e) selecting a | ower carbon nunber n
and an uppenroeaskmd nunber m (f) identifying a first, serasdooandizbhird
iso-paraffin group A, B, and C for each individual carbon nunber over the
range fromn to m (g) calculating an Isoparaffin Index by the
formul a: I soparaffin Index = and; (h) conparing the cal cul ated Isoparaffin
Index to the Isoparaffin Index cal cul afed for standard sanples of known MRV
wherein the standard sanples Isoparaffin Index is a value of about 0.8 or
| ess. BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] Figure 1 shows a 2D GC of a
typical 130N | ube raff nate sanple. [0012] g‘@we 2 is a graph showing a
pl ot of measured fornul ated baseoil MRV ver Jt)sloparaffi n I ndex for a
series of sanples havi @ogh#d hehidesal culatted | soparaffin | ndexes. [0013]
Figure 3 presents a typical ZD GC (GCx kgggrci_nﬁg%;jm of conmmerci al
basestock used as feedstock. [0014] Fi BALAr Cehr omat ogr ans
illustrating the conpositional changes*¥n n-par@dffin, IPA 1PB and |PC
regions for SPW>HDW sanple. [0015] Figure 5 is a plot of GC chronatograns
showi ng GC A&tention tine

(h)  comparing the calculated Isoparaffin Index to the Isoparaffin

Index calculated for standard samples of known MRV wherein the standard

samples Isoparaffin Index is a value of about 0.8 or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]  Figure 1 shows a 2D GC of a typical 130N lube raffinate sample.

[0012]  Figure 2 is a graph showing a plot of measured formulated baseoil
MRYV versus Isoparaffin Index for a series of samples having different

calculated Isoparaffin Indexes.

[0013]  Figure 3 presents a typical 2D GC (GCxGC) chromatogram of

commercial basestock used as feedstock.

[0014]  Figure 4 are GC chromatograms illustrating the compositional
changes in n-paraffin, IP,, IPg, and IP¢ regions for SDW->HDW sample.

[0015]  Figure 5 is a plot of GC chromatograms showing GC retention time
derived from isomerization products from a commercial feed, model
compounds hexadecane (nC¢) and octaeicosane (nCsys), all over Pt/ZSM-48

catalyst.



derived fromisonerization products froma comercial feed, nodel conpounds
hexadecane (nC] 6) and octaei cosane (nC28), all over Pt/ZSM 48

cat al yst .\w0Qad}osFsogure 6 shows GC chromat ograns il | ustr acirng2608@41228
conpositional changes in n-paraffin, IPA 1PB, and |IPC regions for HDW>SDW
sanpl e. DETAI LED DESCRI PTI ON QF THE | NVENTI ON [0017] The basest ocks used to
formul ate engine oils are typically derived frompetroleumdistillates
having a 10% distillation point greateé-than 2700C (5180F) and a 95%
distillation point less than 621 0C ( 115Q0F) neasured by ASTM D 86 or D
2887. Because these distillates frequently contain undesirable quantities

of sul fur- ?ﬂﬂﬂ)r Bidur© 8 8Row o G HRbMEtogamiillustedting th eympasitibieal sol vent
extracted, drotreated, or both prior to further processin The terns

"baseoi | anbhﬂgbasne@pé@lfﬁn,dl’e, 1Ps.candi IRt semonsnige BEY -+ W sampleo18] The
sol vent extraction process selectively dissolves the aromati c conponents in
an extract phase while |eaving the nore paraffinic conponents in a

raffinate ppISEAIINEDDBSORIPTIONIOFITHRUNMENEI@BEN the extract and
raf fi nate phases. Typrcal solvents for solvent extraction include phenol,

furfural and N—nethyl pyrrolidone. By controlling the solvent to oil ratio,

2 o0 TR 1 oA LA $rnfifE RO I A LbicB e al dae ext 1 act ed

with sol ven egree o sepa ween the extract
and raffi namnpﬂsaﬁﬁ@m Susluilufes havidlg Bi 0P distiH stivnt pinti ghepterathhmlyofant s ar e

concentrated in the extract phase.
(518°F) and a 95% distillation point less than 621°C (1150°F) measured by
ASTM D 86 or D 2887. Because these distillates frequently contain undesirable
quantities of sulfur- and/or nitrogen-containing contaminants they may be
solvent extracted, hydrotreated, or both prior to further processing. The terms

"baseoil" and "basestock" are used interchangeably herein.

[0018]  The solvent extraction process selectively dissolves the aromatic
components in an extract phase while leaving the more paraffinic components
in a raffinate phase. Naphthenes are distributed between the extract and
raffinate phases. Typical solvents for solvent extraction include phenol,
furfural and N-methyl pyrrolidone. By controlling the solvent to oil ratio,
extraction temperature and method of contacting distillate to be extracted with
solvent, one can control the degree of separation between the extract and
raffinate phases. Sulfur- and nitrogen-containing contaminants are

concentrated in the extract phase.

[0019]  For hydrotreating, the catalysts are those effective for hydrotreating
such as catalysts containing Group 6 metals (based on the IUPAC Periodic
Table format having Groups from 1 to 18), Groups 8-10 metals, and mixtures
thereof, Preferred metals include nickel, tungsten, molybdenum, cobalt and

mixtures thereof. These metals or mixtures of metals are typically present as



[ 0019] For hydrotreating, the catalysts are those effective for
hydrotreating such as catal ysts containing Goup 6 netals (based on the

| UPAC Perwodbes/oFsdsze format having Goups from1 to 18) pcEUSR@S/081229
metal s, and m xtures thereof. Preferred netals include nickel, tungsten,

nmol ybdenum cobalt and m xtures thereof. These netals or m xtures of netals
are typically present asoxides or sulfides on refractory netal oxide
supports. The mi xture of netals may al%o0 be present as bulk netal catalysts
wherein the anount of netal is 30 wt. % or greater, based on catal yst.

Sui tabl e netal oxide supports include oxides such as silica, alum na,

si |'i ca-al unppass & sulfideRdnarefrRétBfyematal yxiat bifpdats. Fhehdkfuedopmetilsnas are
porous al um nas such as gamma or eta. The anount of metals, either

i ndi vi dual | yaprlsorberprgsent asbulk amial satabysth whesein the smepwntxd mgtal i530pased on

t he catal yst.. %nolrltgg%&(}gﬁﬁgggf n%t%ﬁfg{-ﬁgaﬁeﬁeﬁle&i&fSughgﬂmcié{d%o metals with

group 6 net Ats are present anopunts of fromO0.5

to 5 w. % okseshcarnscaical sehimnsilichahgtioaportitaeh refepdtty plugsgat i n anounts
of from5 to 30 wt. % The anmounts of netals may be measured by atomc
absor pti on Breferedoalumings arnperens slamjnassuph adspnzs eacta: She amepntsefi on

[0020] The Mt By ARdHRTS oF RESElhES Ao ST aBbu 1 SR 2 ng

pronot ers apgfe@londRedthlyst. B theYascod profelred gnikfueesiHigiopsoi-10 hrtalet al  oxi de
support, e.g., by controlling the amount of silica incorporated into a
si | i caal uni wathspyroé metals the Eroups P-19raetals are prept ot ameps o fiopLd-ade

hal ogen, esg)-eg: Iw?l ‘%,yba];sleal %Eicgt%lysp QISPCF &Q%&% 6 R%{a?pare%}és%h?in AR th oxides

and magnesi
from 5 to 30 wt. %. The amounts of metals may be measured by atomic

absorption spectroscopy, inductively coupled plasma-atomic emission

spectrometry or other methods specified by ASTM for individual metals.

[0020] The acidity of metal oxide supports can be controlled by adding
promoters and/or dopants, or by controlling the nature of the metal oxide
support, e.g., by controlling the amount of silica incorporated into a silica-
alumina support. Examples of promoters and/or dopants include halogen,
especially fluorine, phosphorus, boron, yttria, rare-earth oxides and magnesia.
Promoters such as halogens generally increase the acidity of metal oxide
supports while mildly basic dopants such as yttria or magnesia tend to decrease

the acidity of such supports.

[0021]  Especially preferred metal catalysts include cobalt/molybdenum (1-5
wt% Co as oxide, 10-25 wt% Mo as oxide), nickel/molybdenum (1-5 wt% Ni
as oxide, 10-25% Co as oxide), or nickel/tungsten (1-5wt % Ni as oxide, 10-30

wt% W as oxide) on alumina.



Pronmoters such as hal ogens generally increase the acidity of netal oxide
supports while mldly basic dopants such as yttria or nmagnesia tend to

decr ease wbeoamissioky of such supports. [0021] Especi al | ycprstesnect2gret al
catal ysts include cobalt/nol ybdenum (1-5 wt % Co as oxide, 10-25 wt % M as
oxi de), nickel /ol ybdenum (1-5 Wt % Ni as oxi de, 10-25% Co as oxide), or

ni ckel /tungsten (I-5wm % N as oxide, 10-30 wt % W as oxi de) on

al um na. [ 0022] Hydrotreating condition8 include tenperatures of from 150 to
4000C , preferably 200 to 3500C, a hydrogen partial pressure of from 1480
to 20786 kPa (200 to 3000 psig), preferably 2859 to 13891 kPa (400 to 2000

psig), a Spmzyel eBjdrdtredting coAAIRods inBlude tdnfRYatuftk &f @loably0 & 1 to 5 LHSV,
and a hydrogen to feed ratio of from89 to 1780 nB/n8 (500 to 10000 scf/B),

pr ef e(rj ag |y #06°G cprefoabip2if o P B3 hydresey prel reassetr PalsentldéR toray be
asse r . j
aseous. contartaiii CoBi AT BhighPPy@anB A58 Talon BELLABIE 260 T €TV

dewaxi ng. SpEighpi éﬂ)gcc?@éioél%l S &RMVERE I0DEE VITpRfcably@l as5 LHSsh addurs or
fractionators.” Dewaxing | 024flije\NaX| ng i met hod used to control the

0
| ow t enper ardiydrqgen e feed aatiod @@é@tt@dggb %%ﬁ@%é@\é?%q s cept ed t hat

waxy nol ecul es. s hlr@s I hain paraffins crystallize at | ow tenperatures
t her eby adeFegErIagﬁli at8t8f§ﬁ3“3(’c;‘8|-d fl ow properties. Thus the renoval of waxy

mol ecul es fromthe
[0023] The hydrotreated basestock may be passed directly to a dewaxing
step or preferably, stripped to remove gaseous contaminants such as hydrogen
sulfide and ammonia prior to dewaxing. Stripping can be by conventional

means such as flash drums or fractionators.

Dewaxing

[0024] Dewaxing is one method used to control the low temperature
properties of basestocks. It is generally accepted that waxy molecules such as
long chain paraffins crystallize at low temperatures thereby adversely
impacting cold flow properties. Thus the removal of waxy molecules from the
basestock is considered to improve the basestocks low temperature properties.
Two commonly employed methods of removing waxy molecules from
basestocks are solvent dewaxing, catalytic dewaxing or a combination of
solvent and catalytic dewaxing. Trim dewaxing is solvent dewaxing followed

by catalytic dewaxing.

[0025]  For solvent dewaxing, the dewaxing solvent used may include the C;
-Cg ketones such as methyl ethyl ketone (MEK), methyl isobutyl ketone
(MIBK), mixtures of MEK and MIBK, aromatic hydrocarbons like toluene,

mixtures of ketones and aromatics like MEK/toluene, ethers such as methyl t-



basestock is considered to i nprove the basestocks | ow tenperature
properties. Two commonly enpl oyed net hods of renoving waxy nol ecul es from
basest ockwoan@/ssiozent dewaxi ng, catal ytic dewaxi ng or @ceasbéosatizon of
sol vent and catal yti c dewaxing. Trim dewaxing is solvent dewaxing foll owed
by catal ytic dewaxi ng. [0025] For solvent dewaxi ng, the dewaxi ng sol vent
used may include the C3 -C6 ketones such as nethyl ethyl ketone (MEK),

met hyl isobutyl ketone (MBK), m xture% of MEK and M BK, aromatic

hydr ocarbons |i ke toluene, mxtures of ketones and aromatics |ike
MEK/ t ol uene, ethers such as nmethyl tbutyl ethers and m xtures of same with

ketones or giRIBhk&End Phikhiréy dfsanlel witekeétols drQEdRAtics. Ssikelys hydrocar bons
| i ke propane, "propyl ene, butane, butylene, and conbi nati ons thereof nay be

used as t heligedfiednnornikyfgasemisyhyttasathonsy ke peopphe peepylgne byang ni xt ure” of

met hyl ethyl ketone and .nethyl .isohutvl, ketqgne., [ 0026 h | yent dewaxi ng
process t yp*)%(fq“f?’ ‘?”rﬁﬁ‘iﬂ%gatfﬂ%i itlheée(%%uﬁgélx Beolésegiaﬁ ﬂf)éoslolq‘!’er?]é' ‘%5%5%"93{ glgedst ock with
a dewaxi ng sl MaRmAbyAWRISRNE MiduR SFHSdth e, ctisg kafodt iaf@ nivtiediigybuatied wax and
recovering solvent for recycling. The lube oil boiling range feedstock is

m xed with &étoh¢.ed solvent to forman oil-solvent solution and precipitated

wax is thereafter separated by, for exanple filtration. The tenperature and
solvent are selected so that the oil is dissolved by the chilled sol vent

whil e the w026 PTaEIsPlveRd ®evaxiid(itdlesétyicdllydtvélvésymiding aiellabseil vent
dewaxi ng process involves the use of
boiling range feedstock with a dewaxing solvent at atmospheric pressure,
separating precipitated wax and recovering solvent for recycling. The lube oil
boiling range feedstock is mixed with chilled solvent to form an oil-solvent
solution and precipitated wax is thereafter separated by, for example filtration.

The temperature and solvent are selected so that the oil is dissolved by the

chilled solvent while the wax is precipitated.

[0027] A particularly suitable solvent dewaxing process involves the use of
a cooling tower where solvent is prechilled and added incrementally at several
points along the height of the cooling tower. The lube oil boiling range
feedstream-solvent mixture is agitated during the chilling step to permit
substantially instantaneous mixing of the prechilled solvent with the lube oil
boiling range feedstream. The prechilled solvent is added incrementally along
the length of the cooling tower so as to maintain an average chilling rate at or
below 10°F/minute, usually between about 1 to about 5°F/minute. The final
temperature of the lube oil boiling range feedstream-solvent/precipitated wax
mixture in the cooling tower will usually be between 0 and 50°F (-17.8 to
10°C). The mixture may then be sent to a scraped surface chiller to separate

precipitated wax from the mixture.



a cooling tower where solvent is prechilled and added increnentally at
several points along the height of the cooling tower. The lube oil boiling
range feewoto@asssel vent mixture is agitated during thepchiuskéosgsmbep to
permt substantially instantaneous m xing of the prechilled solvent with
the lube oil boiling range feedstream The prechilled solvent is added
increnmentally along the Iength of the cooling tower so as to nmaintain an
average chilling rate at or bel ow 10F/168t nute, usually between about 1 to
about 5F/ m nute. The final tenperature of the [ube oil boiling range

f eedstream sol vent/precipitated wax m xture in the cooling tower w |

usual |y be Rpgj2gpen AQ stiieh S5RE, the Ldlvent dewkidifg) of o RibEIONtBoiEngRYigE hen be sent
to a scraped surface chiller to separate precipitated wax fromthe

m xt ur e. [ 00&8}istreans pequetiundso wEectivesobsnt dawaxdrgwesnditipst Efestivube oi |
o £ oha Sy R R AR TG RENS alfld Bk sSIRGH Hse ShvaRiactRNR N0

condi ti ons. I Xi ng con rons aré to be €onsi dered

those sol vegpndg¥athcrs eaphbld MMNemolitl alesCapatibe odtheresDydntgned | east a
portion of the wax contained in the |ube oil boiling range feedstream

G](canerftl ly, &f fhedubeval boiling mngddordsiream c Gsacrellpreffagtive solientdewakwgt anount
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20/1 at thebgmﬂgﬂr@ feSdRRARIWAl et @b pRiVideod liquialsuli@ weaglit eatiret ween
1.5/1 to 5/1. The sol vent dewaxi ng of the lube oil boiling range feedstream

typi cal |y refabqus 5ilntozabont 20/ 4kt the dewaxiag temperefushantbd soye/obour point from

about +3CDCV;[)fl)1maebr%Hg bégwcgt)arcl: "1.5/1 to 5/1. The solvent dewaxing of the lube oil

boiling range feedstream typically results in a partially dewaxed fraction

having a pour point from about +30°C to about -20°C.

[0029] Catalytic dewaxing usually involves one or both the following
mechanisms: catalytic dewaxing by cracking waxy molecules or catalytic
dewaxing by isomerizing waxy molecules. Catalytic dewaxing by cracking
involves molecular weight reduction since waxy molecules are cracked to
lower molecular weight molecules. Catalytic dewaxing by isomerization
involves isomerizing waxy molecules (straight chain paraffins) to branched
chain paraffins. It should be noted that very few if any dewaxing catalysts

operate exclusively by one mechanism.

[0030] Catalysts for dewaxing by catalytic cracking include ZSM-5, ZSM-
11, ZSM-22, ZSM-35, mordenite and beta. Since this form of dewaxing
involves cracking waxy molecules, some yield loss may occur. Dewaxing
catalysts may be characterized by their alpha values. The alpha value of a
catalyst is an approximate indication of the catalytic cracking activity of the
catalyst compared to a standard catalyst, and it gives the relative rate constant

(rate of normal hexane conversion per volume of catalyst per unit time). Itis



[0029] Catal ytic dewaxing usual’ly involves one or both the follow ng
mechani sms: catal ytic dewaxing by cracking waxy nol ecul es or catalytic
dewaxi ng Wy 20esssozzi ng waxy nol ecul es. Catal yti c dewaxipog/usyoosnacks ng
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i nvol ves isonerizing waxy nol ecules (straight chain paraffins) to branched
chain paraffins. It should be noted tHat very few if any dewaxi ng catal ysts
operat e exclusively by one nechanism [0030] Catalysts for dewaxing by
catal ytic cracking include ZSM5, ZSM 11, ZSM 22, ZSM 35, nordenite and
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Catal ysts egplgysel, fredtirdanasitnly sbyitk aitat uéidor o aeikd sigarhiiug dave an al pha
val ue greater thanl OO, preferably 100 to 180. The al pha_val ue of a catal yst

may be i ncr éssesdedin Urf. PahNoy 432649 gStesraingds amgesns of adiustingthe acid or by

mld steam ng as, . . :
sifica:alumina ratio of the catalyst and hence its alpha value.

[0031] Catalysts for dewaxing by isomerization are those which isomerize at
least a portion of the waxy n-paraffin molecules to isoparaffins. Waxy
molecules may be from a mineral source, synthetic source or a mixture of the
two, e.g., Fischer Tropsch wax. Such isomerization catalysts minimize the
amount of dewaxing by cracking mechanisms. Because there is little molecular
weight reduction associated with isomerizing catalysts, there is less yield loss
as compared to dewaxing by cracking. Isomerizing dewaxing catalysts are
typically metal loaded with Group 6 metals, Group 8 - 10 metals and
mixtures thereof (based on the IUPAC format). Especially preferred metals are
Groups 8-10 noble metals, especially Pt, Pd or mixtures thereof. These metals

are loaded at the rate of 0.1 to 30 wt% based on catalyst.

[0032] Hydrodewaxing catalysts suitable for use herein may be either
crystalline or amorphous. Amorphous hydrodewaxing catalysts include
alumina, fluorided alumina, silica-alumina, and fluorided silica-alumina. Such
catalysts are well known. Crystalline materials are molecular sieves that
contain at least one 10 or 12 ring channel and may be based on aluminosilicates

(zeolites) or on aluminophosphates such as silicoaluminophosphates (SAPO's)



di scussed in U S. Pat. No. 4,326,994. Steamng is a neans of adjusting the
silica:alumna ratio of the catalyst and hence its al pha value. [0031]

Cat al yst swbanosisssmzi ng by i sonerization are those whi chpcswsesisnei2as | east
a portion of the waxy n-paraff n nolecules to isoparaffins. Waxy nol ecul es
may be froma mneral source, synthetic source or a mxture of the two,
e.g., Fischer Tropsch wax. Such isonerization catalysts mnim ze the anpunt
of dewaxi ng by cracki ng mechani sns. Bd@ause there is little nol ecul ar

wei ght reduction associated with isonerizing catalysts, there is less yield
| oss as conpared to dewaxi ng by cracking. Isonerizing dewaxing catalysts

are typical hyd fRgadaliBiadprosphites (MOPDS). NMiledusar sfavesipuithbie O uset al s and
m xtures thereof (based on the UPAC format). Especially preferred netals

are IGr oups Bere ¢rolrie ahisasione 189pddichpnmel pExappley pf sHoRiZgplatss clKdSof . These
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( SAPO s) andggmgneal un nophosphat es (MAPGs). Ml ecul ar sieves suitable for
use herein contain at |east one 10 or 12 channel. Exanples of such zeolites
i nclude ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, ferrierite, I TQ 13, MCM 68

[0033] The molecular sieves are typically composited with binder materials
that are resistant to high temperatures and that may be employed under
hydrodewaxing conditions to form a finished hydrodewaxing catalyst or may
be binderless (self bound). The binder materials are usually inorganic oxides
such as silica, alumina, silica-aluminas, binary combinations of silicas with
other metal oxides such as titania, magnesia, thoria, zirconia and the like and
tertiary combinations of these oxides such as silica-alumina -thoria and silica-
alumina magnesia. The preferred binder is alumina. The amount of molecular
sieve in the finished hydrodewaxing catalyst is from 10 to 100, preferably 35 to
100 wt.%, based on catalyst. Such catalysts are formed by methods such spray
drying, extrusion and the like. The hydrodewaxing catalyst may be used in the
sulfided or unsulfided form, and is preferably in the sulfided form.

[0034] Effective hydrodewaxing conditions as used herein includes
temperatures between about 200°C to about 400°C, preferably about 225°C to
about 350°C, more preferably 250 to 310°C, pressures between about 2860 to
about 20786 kPa (about 400 to about 3000 psig), preferably about 4238 to
about 17338 kPa (about 600 to about 2500 psig), more preferably about 4238 to
about 10443 kPa (about 600 to about 1500 psig) hydrogen treat gas rates of
about 89 to about 890 m’/m’ (about 500 to about 5,000 SCF H,/B), preferably



and MCM 7 1. Exanpl es of al um nophosphates containing at |east one 10 ring
channel include ECR-42, SAPO| | , SAPO 31 and SAPO 41. Exanpl es of

mol ecul arweizessasswant ai ni ng 12 ring channel s incl ude zeekirts20sha22eand MCM
68. [0033] The nol ecul ar sieves are typically conposited with binder
materials that are resistant to high tenperatures and that nay be enpl oyed
under hydrodewaxi ng conditions to forma finished hydrodewaxing catalyst or
may be binderless (self bound). The bilader materials are usually inorganic
oxi des such as silica, alumna, silica-alunnas, binary conbinations of
silicas with other metal oxides such as titania, magnesia, thoria, zirconia
and the likg, &R%Z% 56&&)4459{%%56&@0% abS1R9800 8CFES,/BY Gd AFuid
silica-alumna -thoria and silicaal um na magnesia. The preferred binder is
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| i ke. The hydr odewaxi ng catalyst may be used in the sulfided or unsulf ded
form and is preferably in the sulf ded form [0034] Effective

hydr odewaxi Rgrmahded Oolss as used herein includes tenperatures between about
200C to about 4000C, preferably about 225C to about 350C, nore preferably
250 to 310C, pressures between about 2860 to about 20786 kPa (about 400 to
about 3000 RﬁBg} mhebesRRies &@&%ulﬁ@@&li?a&h@ﬂdﬂyhﬁ@%ké?ﬂpe(r@ﬂﬁmst 600 to

about 2500 psig more preferably about
properties, are a function of the basestock and the additive package used to

prepare the formulated oil. As noted above, the low temperature properties,
e.g., the pour point, Brookfield viscosity, MRV, cold cracking simulator test
(CCS) and gel index, of a basestock are adversely affected by waxes. Thus it is
advantageous to remove at least some of the waxy components of the basestock
by dewaxing. The viscosity index of the oil is likewise impacted by basestock
components. The VI is adversely impacted by components such as aromatics
which have a low VI. The low temperatures properties are also affected by

whether the basestock itself is synthetic such as PAO or of mineral origin.

[0036] The MRV of a formulated baseoil is an indicator of low temperature
properties. The MRV is measured by standards tests such as ASTM D 3829
and D 4684. The MRV test measures the pumping performance of a
formulated baseoil at low temperature. Smaller values of MRV correlate with

better low temperature properties

[0037)  Another factor influencing the properties of the formulated oil is the
additive package (adpak) used to formulate the oil. Additive packages contain
at least one component selected from dispersants, detergents, wear inhibitors,

antioxidants, rust inhibitors, demulsifiers, extreme pressure agents, friction



about 10443 kPa (about 600 to about 1500 psig) hydrogen treat gas rates of
about 89 to about 890 nB8/nB8 (about 500 to about 5,000 SCF H2/B),

pr ef er ablwehoestosd®dz to about 445 ni 3/ nB8 (about 600 to ebouts2@50012%CF
H2/B), and liquid hourly space velocities ("LHSV') of about 0.1 to about 10
VIVIhr, preferably about 0.1 to about 5 VTV7hr, nore preferably about 0.5
to about 2 V/V/hr. Formulated Qs [0035] The properties of fornulated
oils, particularly the | ow tenperaturdg-properties, are a function of the
basestock and the additive package used to prepare the fornulated oil. As
noted above, the |ow tenperature properties, e.g., the pour point,
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basest ock by dewaxi ng. The viscosity index of the oil is |Iikew se inpacted
by basestock conmponents. The VI is adversely inpacted by conponents such as
aromatics V\/{nazls! hawgary diff¥teM addliive: pekages RREE@hmeRSalN SRHEBIEeThar e al so
affected by whether the basestock itself is synthetic such as PAO or of
lm'ner al ori gresise[fousaitionseapRiepshdiagion themane@cwireawid|the itepded 4§ cat or  of
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ASTM D 3829°§ﬁ’§ %g%é)ﬁl: ﬁ?feewlﬁ’gggmﬁgggg?rleﬂ’sl%g hgly%ﬁér?%ﬁ%g&gg?lbor mance of a
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better |ow tenperature properties [0037] Another factor influencing the
properties ofiginete Fasmmlatigns fprdiof climatepaill vary from those for cold climates.

Two-Dimensional Gas Chromatography

[0039] 2D GC is an alternative to gas chromatography/mass spectrometry.
In 2D GC, a sample is injected into a first column and the separated

components injected into a second column in series with the first.

[0040] A sample is injected into an inlet device connected to the inlet of a
first column to produce a first dimension chromatogram. Sample injection may
be by any known sample injection device such as a syringe. The inlet device
may hold a single sample or may hold multiple samples for injection into the
first column. The column contains a stationary phase that is usually the column

coating material.

[0041]  The first column may be coated with a non-polar material. When the
column coating material is methyl silicon polymer, the polarity can be
measured by the percentage of methyl group substituted by the phenyl group.
The polarity of coating materials are measured on a % of phenyl group
substitution scale from 0 to 100 with zero being non-polar and 80 (80% phenyl

substitution) being considered as polar. These methyl silicon polymers are



addi tive package (adpak) used to fornulate the oil. Additive packages
contain at | east one conponent selected from di spersants, detergents, wear

i nhi bi t orngo 28eu0s8sokdant s, rust inhibitors, denul sifierspceisc@smspressure
agents, frictionnodifiers, nultifunction additives, viscosity index

i nprovers, pour point depressants, and foam i nhibitors. [0038] Mny
different additive packages are commercially avail able. The precise
formul ati ons vary dependi ng on the ma+sigf acturer and the intended use of the
engine oil. For exanple, engine oils for diesel engines may contain
different additive conponents as conpared to engine oils for gasoline

pover ed engiaRtderddidiipatht &EShdvepoli@ity GhlubRinahe Wirlgk fioRi § t 20m t hose for
cold climtes. Two-Di nmensional Gas Chronmatography [0039] 2D GC is an

al t er nat i vePhenydasbstirtedhaethyt siplon pelymespare copyigered seminpalpy and hayesanpl e i s
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material . [ @@4kgh HdGchiak Seigh pulyRthysne ey wbatiacddition, &s¢re-ofol ar materi al .
When the columm coating material is nethyl silicon polyner, the polarity
can be carborane silicon polymers sold under the frade name Dexsil have been

especially designed for high temperature applications.

[0042]  The first column coated with a non-polar material provides a first
separation of the sample. The first separation, also known as the first
dimension, generates a series of bands over a given time period. This first
dimension chromatograms is not unlike the chromatogram that could be
obtained from a conventional chromatogram. The bands represent individual
components or groups of components of the sample injected, and separated or

partially overlapping with adjacent bands.

[0043] When the complex mixture is separated by the first dimension
column, it still suffers many co-elutions that are not able to be separated by the
first dimension column. The bands of separated materials from the first
dimension are then sent in their entirety to the second column to perform a
further separation, especially of the co-eluted components. This further
separation is referred to as a second dimension. The second dimension is a
second column coated with a semi-polar or polar material, preferably a semi-

polar coating material.



nmeasured by the percentage of nmethyl group substituted by the phenyl group.
The polarity of coating materials are neasured on a % of phenyl group

subst i t utwonosmas®2f rom 0 to 100 with zero bei ng non- polramr/imnehs8012080%
phenyl substitution) being considered as polar. These nethyl silicon

pol ymers areconsi dered non-polar and have polarity values in the range from
0 to 20. Phenyl substituted nmethyl silicon polyners are considered

sem -pol ar and have polarity values ofi62 1 to 50. Phenyl substituted methyl
silicon polyners coating materials have been called polar nmaterials when
greater than 50% phenyl substitution group is included in polynmers. O her
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[ 0043] When the conplex mxture is separated by the first dinmension colum,

it still suflimensiapany co-elutions that are not able to be separated by the

[0045]  The role of the modulator is (1) collect the continuous eluent flow
out from the end of the first column with a fixed period of time (modulated
period), and (2) inject collected eluent to the beginning of the second column
by releasing collected eluent at the end of modulated period. The function of
the modulator is (1) define the beginning time of a specific second dimensional
column separation and (2) define the length of the second dimensional

separation (modulation period).

[0046]  The separated bands from the second dimension are coupled with the
bands from the first dimension to form a comprehensive 2D chromatogram.
The bands are placed in a retention plane wherein the first dimension retention
times and the second dimension retention times form the axes of the 2D

chromatogram.

[0047] For example, a conventional GC experiment takes 80 minutes to
separate a mixture (a chromatogram with 80 minutes retention time, x-axis).
When the same experiment is performed under 2D GC conditions with a 10
second modulation period, it will become 480 chromatograms (60 seconds x 80

minutes divided 10 seconds) where each 10 second chromatogram (y-axis)



first dinension colum. The bands of separated materials fromthe first

di nension are then sent in their entirety to the second colum to performa
further swpaoaydsssw2 especially of the co-el uted conponertsusidvismsfnst her
separation is referred to as a second di mensi on. The second dinension is a
second columm coated with a sem -polar or polar material, preferably a

sem pol ar coating material.[0044] In order to nake the data acquisition as
wel | as the detector signal neani ngfutl,7-a nodul ator is required to manage
the fl ow between the end of the first colum and the begi nning of the
second colum. Mbodul ators may be thermal nodul ators that use a trap/rel ease

mechani sm  |ifed i SndiB¢-088 bRl thletenfibh kiagekigesati§). USED GO, the apxiepar at ed
sanple fromthe first” dimensron foll owed by a periodic pul se of hot
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separation (nodul ation period). [0046] The separated bands fromthe second
di rension are coupled with the

[0048]  Figure 1 shows a 2D GC chromatogram of a typical 130N lube

raffinate sample. In this 2D GC/FID (flame ionization detector) run, data point

from the experiment dimension is 480x1000. The display dimension is:

2880x2000. Separation column set used is: 1st Column, SGE BPX-5 (BPX is a

phenyl siloxane polymer), 30 meter, 0.25mmID, 1.0pm Film and 2nd Column,

SGE BPX-50, 9.0 meter, 0.25mmlID, 0.25pm Film. Oven temperature program

was set at 210°C for 0 minutes and ramped at 1.5°C per minute to 315°C for

10 minutes. Flow program is 1.5 ml per minute for 0 minute and increased

0.05ml/minute per minute to 5.0ml per minute for 0 minute. The inlet

temperature was set at 300°C with split/splitness ratio of 75:1. The sample

injection volume is 0.2pl.

[0049] To determine the Isoparaffin Index, all paraffin components in the
baseoil are identified in the carbon number range from 16 to 50. The
Isoparaffin Index is calculated over a given carbon range bounded by a lower
carbon number, n, and an upper carbon number, m, For example, the lower
carbon value can be selected as n = 23 and an upper carbon value as m = 31 for
130N lube raffinate sample. Because the resolution is not sufficient to identify
individual isoparaffins, the isoparaffins are formed into groups. . Ata given
carbon number L, the isoparaffins for that carbon number are grouped into

discrete groups, preferably 3 groups denoted as (IPA)r, (IPg) 1, and (IPc)L.



bands fromthe first dinension to forma conprehensive 2D chromatogram The
bands are placed in a retention plane wherein the first dinension retention
ti mes andwoheosassmad di mension retention tinmes formtheparas2abotires 2D
chromat ogram [0047] For exanple, a conventional GC experimnment takes 80
mnutes to separate a mxture (a chromatogramwith 80 m nutes retention
time, x-axis). Wen the sane experinent is performed under 2D GC conditions
with a 10 second nodul ati on period, itigwill becone 480 chromatograns (60
seconds x 80 m nutes divided 10 seconds) where each 10 second chromat ogram
(y-axis)lines up one-by-one along the retention time axis (x-axis). In 2D
GC, the X-afyg g&egshﬁ réjdafdd 6} BRAT AN RRE b0t the BRirelcAboRaHENLRS

conventi onal 68 y-axis is the second di nensional retention tine, the
peak i nt ensrangedivonhdo st inctke 8Dt GCrspedimm. hTh@ip@akrmh@n@nfzac@mogmal n order to
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a typical affinate sanple. In this 2D GO FID (flanme ionization
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tenperature gram was set at 210C for O mnutes and ranped at 1.5C per
mnute to 3150C for

TABLE 1
130N Lube Raffinate Composition Based on 2D-GC Chromatogram

Carbon 23 24 25 26 27 28 29 30 31
Number
N 0.98 2.10 3.58 3.66 3.36 2.60 1.89 1.11 0.57
IPA 0.16 0.47 1.33 1.70 1.86 1.52 1.18 0.88 0.57
1Py 0.31 0.85 1.61 1.82 1.70 1.50 1.18 0.75 0.35
IPc 0.08 0.16 0.38 0.44 0.35 0.40 0.27 0.16 0.06

[0050] N is the amount of normal paraffin at each individual carbon number
but this is not needed to calculate the Isoparaffin Index. For any given sample,
the Isoparaffin Index is calculated as the ratio of the sum of Isoparaffins A
over the range of carbon number from n to m to the sum of Isoparaffins B plus
C over the range of carbon number from n to m. This is represented by the
following Equation 1 :

Z (IP,),
Isoparaffin Index = —*=

S (P, +3 (R,

(D



10 m nutes. Flow programis 1.5 m per mnute for O mnute and increased
0.05m /mnute per mnute to 5.0mM per mnute for O mnute. The inlet

t enper at we 2e@ssat at 300C with split/splitness ratio etTifs200k04ibbe sanple
injection volune is 0.2m . [0049] To determ ne the Isoparaffin |Index, al
paraffin conponents in the baseoil are identified in the carbon nunber
range from 16 to 50. The Isoparaffin Index is cal cul ated over a given
carbon range bounded by a | ower carbon9nunber, n, and an upper carbon
nunber, m For exanple, the | ower carbon value can be selected as n = 23
and an upper carbon value as m= 31 for 130N |l ube raffinate sanple. Because

the resol utj@a1|s NPthesBbid 64u@AbnPisiadewer Eatbomehmbettialthd papatatd i ns, the
i soparaffins are forned into groups. . At a‘fgi ven carbon nunber L, the

i so]Par aL }‘ i n§0,froris theappeasabom mumbssin thegange Lipwd 0, n(iB) wdis slg @peungodups,
preferably 3 groups denojed as . (IP. A)L P B | BC) L. rocess is
repeat ed fofsog%%"rfﬁgﬁf%‘gﬂ 4 %ﬁ’ﬁﬁ%‘ih 1893[’&“(%%&(%% P%rg%%ra bi%lé rslllljb%}é&g?%gge f romI n
to min thep2Rq@CrppQeht HBiffdrentRRakps\TlisoIBareffingdedn (R Tale pab&fd. i n
conponent and isoparaffin groups 1s integrated to obtain the weight

Ot cat o ahpofe HGRR Bl DA 25 M Piad L el B3 S0l 19 20

caldcul gti on is performed from carbon number of 23 to 31 (C23 to C3 1) . The
i ndi vi dual onend nposLti.on.i S Su rized.in.the f.oll,Qw abl e 1.
TABLE 1 130@@28&3?@%(?’%Haﬂ%5%gm%§??"PS%Z%‘Fxd%caiﬁglﬁﬁd%ﬁﬁ%opfé@?ggr am

+2.30) or 0.78.

[0052]  The process of gathering data shown in Figure 1 and Table 1 above
is repeated for a set of standard non-formulated samples. For purposes of
calculating the Isoparaffin Index, the sample may be formulated or non-
formulated since the Isoparaffin Index is independent of the adpak used to
formulate the samples. On the other hand, the MRV for each sample is
measured on a formulated sample since the MRYV is influenced by the adpak
used to formulate the sample, and the Isoparaffin Index is calculated based on
the 2D GC analysis. The same adpak is used to formulate each sample. A
commercial additive package for GF-3 engine oils was used to make the
formulated oil. This package contains a detergent/inhibitor package, a
viscosity modifier, and a pour point depressant. The results for a series of
samples having different calculated Isoparaffin indexes and corresponding
MRUVs are plotted in Figure 2 which is a graph with measured MRV being the

Y-axis and Isoparaffin Index being the X-axis for the set of samples.

[0053]  As can be seen from Figure 2, if the desired formulated baseoil MRV
is 40000 cP, then the target Isoparaffin Index is 0.8. For any given sample of



[0050] N is the amount of normal paraffin at each individual carbon nunber
but this is not needed to calculate the Isoparaffin Index. For any given
sanpl e, twe benpssoaffin Index is calculated as the rati ecofustévs/osizns of

| soparaffins A over the range of carbon nunber fromn to mto the sum of

| soparaffins B plus C over the range of carbon nunmber fromn to m This is
represented by the following Equation 1 : mlsoparaffin Index =[0051] In

t he above equation, n is a | ower carbed-nunber in the range 16 to 50, mis
the upper carbon nunber in the range 16 to 50, (IP) L is the anpunt of

I so-paraffns in w. % for each individual carbon nunber L. The subscripts A

B and C repggariited b8, i€t 186 pR4tHaNa8asiopthd i@ PAAfkNthah 0BNtidneit Tabl e 1
above. 3 1 3 1 For the data'in Table | , n =23 and m31, (IPI)L is 9.67,

(IPB)L is lcagbdfzauitdd int avoihavipg PORVief 40080 cPPrdespsoparaffin Index is
calcul ated as 9.67/(10.03 1=23 + 2.30) or 0.78. [0052] The process of
gathering data shown in Figure 1 and Table 1 above is repeated for a set of

standard nopygisa] MuTaE @ddRRARI MRV Mehsupeth@Rsesuink 1aat aioahi 6fn t he

| soparaffin Index, the sanple may be fornul ated or nonfornul ated
finished lubricating oil, such as but not limited to, an engine oil sample (150 to
200 ml) and also needs long test periods (> 45 hrs) at low temperature between
-10 and -40°C. In many instances, the viscometric properties of baseoil cannot
translate into the low temperature flow property of formulated engine oil. It is
highly desirable to develop an analytic tool that can precisely predict a
basestock's formulated PCMO low temperature performance in a rapid test.

The precise MRV prediction using advance 2D GC technique can dramatically

reduce the time and cost related to the conventional MRV test.

[0055] This invention may be further understood by reference to the

following non-limiting examples.
EXAMPLES

[0056] The following Examples are directed to demonstrating the impact of
Isoparaffin Index evaluation on basestocks produced using various processing
schemes. The Isoparaffin Index is correlated to measured MRV for these
basestocks. First, solvent dewaxing ("SDW") followed by catalytic dewaxing
("HDW") was applied to a commercially available basestock to improve the
low temperature performance. Then a more in-depth dewaxing evaluation was
completed on light basestock ("LBS") 130N raffinate to focus on the impact on
low temperature performance from formulating engine oils with basestocks
produced from varying dewaxing process schemes. Basestocks were produced

by dewaxing through two different dewaxing schemes, which combined both



since the Isoparaffin Index is independent of the adpak used to fornul ate
the sanples. On the other hand, the MRV for each sanple is neasured on a

f or mul at estoacguisssogsi nce the MRV is influenced by the adpak/uss@dotr2s

fornmul ate the sanple, and the Isoparaffin Index is cal cul ated based on the
2D GC anal ysis. The sanme adpak is used to fornmul ate each sanple. A
commercial additive package for G- 3 engine oils was used to nake the
formulated oil. This package contai ns-2a- det ergent/inhi bitor package, a
viscosity nodifier, and a pour point depressant. The results for a series
of sanples having different cal cul ated |Isoparaffin indexes and

correspondi pgHWRYY SHHW 8l (tRH: dxfertd. 0hE cakeWhéaBd bf partiligRblveht h measur ed
MRV being the Y-axis and |Isoparaffin Index being the X-axis for the set of
sanpl es. [ 0658ixiAg teamintemedete powpoit doltaweal by HD'Wdo deesfinad dargetr nul at ed
baseoil MRV is 40000 cP, then the target lsoparaffin Index is.Q 8. For any
gi ven sanpl BOWFRURG N %rfjgﬂtod?r?s,er‘fef‘”%@%ﬁg%tb% d&?%ﬁerl f?fﬁ‘é%?gfogrpaftha Yhase oil is
less than OghwiBan ihferrhddia@oliPpévHl RIIBH el BY ST tBithe iaMitigefpddrY of 40000
cP or less. [0054] The traditional MRV neasurenent requires |arge anount of
a finished point.i The Iseganaffin Inslax kllewedthe enaluatiompf b basestaghs éngi ne oi |

| 150 taq.20Q. | ds, | t est i Qds 5h t |
tS ggefagurepﬁgfﬁégﬂc%%@%?@i ngtﬁ? ?\ta 4 ti(ﬁ??réﬁ@étlg,g Ot?lh&e/[ﬁ\yi{]'r sco:ni%r?c o

properties of baseoil cannot translate into the |ow tenperature flow
property of formulated engine oil. It is highly desirable to develop an
anal ytic to&ixampd¢ 1can precisely predict a basestock's formul ated PCMO | ow
tenperature performance in a rapid test.

[0057] A commercially solvent dewaxed basestock was used as the feed in
trim dewaxing (SDW followed by HDW) expefiments. The commercial
basestock is a mixture of light basestock at approximately 81wt% and medium
basestock at approximately 19wt%. A 130N lube raffinate was used as the feed
in the two combined dewaxing schemes. The basestock properties are

summarized in Table 2.



The precise MRV prediction using advance 2D GC techni que can dramatically
reduce the tinme and cost related to the conventional MRV test. [0055] This
i nvent i onworyodnssfoar t her under st ood by reference to theptwoldsosisngi22s
non-limting exanpl es. EXAMPLES [0056] The follow ng Exanples are directed
to denonstrating the inpact of Isoparaffin Index eval uati on on basestocks
produced using various processing schenes. The Isoparaffin Index is
correlated to nmeasured MRV for these hasestocks. First, solvent dewaxing
("SDW) followed by catalytic dewaxing ("HDW) was applied to a
commercially avail abl e basestock to inprove the | ow tenperature
performance. Then a nore in-depth dexgxjp® eval uation was conpl eted on

| i ght basestock ("LBS") 130N raffinate to focus on the inpact on | ow
tenperat ure per f or nGomedrriahBasestokaprichip 0 Baffinate Propgntiesbasest ocks

produced from varyi ng dewaxi ng process schenes. Basestocks were produced by

dewaxi ng t hrough two different dewayxing S"""”T” \30 Ab+-red bot hHDW and
SDWto differengegxpeipiofe case 100‘3%‘@6168%3 ad ]; ent dewaxi ng to
an internediaté¢ pour point followed|by B4sRAteds t he f|Rﬁ Q%ﬁx; pour point,
in order to presempk Ueed ipPolduthitan. g@\g V{,ocuseSdDWn>HErWi ally HDWto an
i nternedi ate porgyppoi nt followed by|S he f | nAIDWar@Wpour point. The
| soparaffin | nd@fmﬁ] P&W@Cﬁ he eval uation 91‘ the _bgsestg)g,jgs to predict which
woul d better fr ﬁl(;lllrt Oln?t &I)IU}JUI nt—offor muf gred ot VRV.3 EXanpie 1

Density @ 15°C (g/cc) 0.844 0.8332

Sulfur (wppm) <10 <1

Nitrogen (wppm) <1 <0.3

Color (Lovibond Saybolt) >+30 >+30

RI @ 75°C -- 1.4401

KV @ 40°C (cSt) 233 16.910

KV @ 100°C (cSt) 4.6 3.972

VI 114 135.1

Wax Content (%) -- 25.3

MRV (cP) 36211 -

Example 2

[0058]  All HDW work in three process methods used commercially
available Pt/ZSM-48 as the dewaxing catalyst. The commercial 1/16"
quadrulobe extrudates contain 65% ZSM-48 crystals bound with 35% alumina.
Platinum was impregnated onto the extrudates using platinum tetraammine

nitrate.

HDW Procedure

[0059] The HDW studies were performed using a continuous catalyst testing

unit, which consists of a liquid feed system with an ISCO syringe pump, a



[ 0057] A commercially solvent dewaxed basestock was used as the feed in
trimdewaxing (SDWfollowed by HDW experinments. The commerci al basestock
is a m xtwoeosmfosssoght basestock at approxi mately 81wt % od/useaisombaisest ock
at approximately 19wt % A 130N lube raffmate was used as the feed in the
two conbi ned dewaxi ng schenes. The basestock properties are summarized in
Tabl e 2. TABLE 2 Commerci al Basestock and 130N Raffinate Properties Exanple
2 [0058] Al HDWwork in three proces23net hods used commercially avail abl e
Pt/ ZSM 48 as t he dewaxi ng catal yst. The commercial 1/16" quadrul obe
extrudates contain 65% ZSM 48 crystals bound with 35% al um na. Pl atinum was

i npr egnat ed 004 Bed AHub¥ rédedHtwith & HirbdzH b8 iRid pRIMIEN®IRLi¢At €. HDW
Procedure [0059] The HDW studi es were perforned using a continuous catal yst

t esting uni tnd ahpofine ME] §Csfoofasanalygisi dypeeatly s§<40emohcatalyshwhsSCO syri nge
punp, afi xed- bed | ar. reactor wth a threeszone furnace, |iquid product
col | ecti on, S'éﬁ‘_gtoaflhgﬁme?]ﬁén ar@é’u Roin ‘ﬁ’é@o ?1525% )?Eai‘rg?ssfﬁfﬁegmo)r/, 5-10 cc of
catal yst wagnshinffh 4 98t MetRotRAh Axndl e aHiowss prassiie tebtell] B calaB/sst ai nl ess
steel reactor containing a 1/8" thernowell. After the unit was pressure

tested, thewaadskyst3MUBE fdr 2 ddumtwiB0RR0 ¢apmirPNhetarsbignt pre®ee. cldbrd-n N2 at

anbi ent pressure. |If _ presulfidation. o t al i 0 i
hydr Ogenpv\,agulﬁpg\;@}jof tﬁe catalyst was requirec[, 2%] ﬁzg?n gyc}lrgéenv@vzsls hg\g'g('i red, 2% HS in

through the catalyst bed at 100 sccm for 1 hour. Upon completion of the
catalyst treatment, the reactor was cooled to 150°C, the unit pressure was set to
1000 psig by adjusting the Mity-Mite back-pressure regulator and the gas flow
was switched from N, to H,. Liquid feedstock was introduced into the reactor
at the desired liquid hourly space velocity (LHSV). Once the liquid feed
reached the downstream knockout pot, the reactor temperature was increased to
the target value. A material balance (MB) was initiated until the unit was lined
out for 6 hours. The total liquid product (TLP) was collected in the MB
dropout pot. Gas samples were analyzed with an on-line HP MTI gas
chromatograph (GC) equipped with both TCD and FID detectors. A series of
runs were performed to understand the catalyst activity/product properties as
function of the process variables, such as LHSV and process temperature. The

TLP product from each balance was cut at 370°C by batch distillation. The

properties of the 370°C+ dewaxed oil were analyzed.

SDW Lab Procedure

- [0060] The lab solvent dewaxings were conducted using a single stage batch
filtration with the large Buchner funnel apparatus. This apparatus uses a 24-cm
filtration area and has up to a 1.5 gallon oil/wax/solvent slurry capacity. The
solvent was a mixture of methyl ethyl ketone (MEK) and methyl isobutyl
ketone (MIBK).



through the catal yst bed at 100 seemfor 1 hour. Upon conpletion of the
catal yst treatnent, the reactor was cooled to 150C, the unit pressure was
set to 1000 2p&i@sdwy adjusting the Mty-Mte back-pressurernsgesatnes and t he
gas flow was switched fromN2 to H2. Liquid feedstock was introduced into
the reactor at the desired liquid hourly space velocity (LHSV). Once the
liquid feed reached the downstream knockout pot, the reactor tenperature
was increased to the target value. A saterial balance (MB) was initiated
until the unit was lined out for 6 hours. The total |iquid product (TLP)
was collected in the MB dropout pot. Gas sanples were analyzed with an
on-line HP Ml gas chromatograph (GC) equipped with both TCD and FID
detectors. A series of runs were performed to understand the catal yst
activity/ pr¢tded] prispke filtegioapréagads, itlonpredominetedy ves sempaneihs 8, such as

5v0C by bat OR ek ek af s Bedor fh 08 Ghrald GTARRNENIET T vor e
anal yzed. S !ﬁ%%@@ﬂ{tsa[cgﬁ&%nmékl@Bes%qbv\s%bd&@y\mltmss & conduct ed

using a single stage batch filtration with the |arge Buchner funnel
appar at us. Eﬁﬁtlﬁ:lrarpmcawjmlmumg4r@myf\{ak:umratStrmpeatce@plamweﬁb% up toal.5

Syl ket ond AERPra bRV D ZBR T e o s Robdh e e ™
of the 111t ST Be R OBaR, 0o Pl Y ate (of | and sol vent) pa o sut o
(oil and sol vent) passing

[0062] The feed and basestock produced as described above were then

blended to make a SW-30 passenger car motor oil (PCMO). The above

basestock was a lighter viscosity than required for the finished SW-30 oil and

hence a second basestock which was somewhat heavier was added to all the

blends to hit a base oil desired viscosity target. A commercial additive package

for GF-3 engine oils was then added to make the formulated oil. This package

consists of a detergent/inhibitor package, a viscosity modifier, and a pour point

depressant. The package utilized and the second basestock were constants in

all the blends, only the light basestock was varied. The formulated oils were

tested for cold flow property with a mini rotary viscometer (MRV), according

to the ASTM D4684 method.

Example 3

2D GC Measurement of Baseoil Composition

[0063] The 2D GC (GCxGC) system consists of an Agilent 6890 gas
chromatograph (Agilent Technology, Wilmington, DE) configured with inlet,
columns, and detectors. A split/splitless inlet system with an eight-vial tray

autosampler was used. The two-dimensional capillary column system utilizes a



through the filter into a collection flask. These two products are then
stripped of their respective solvents using a rotary vacuum stripper to
conpl et e wbeodd/dsssoat i on process. The DWO and wax were f wctrhspoanaigged to
determ ne their individual physical properties. [0062] The feed and

basest ock produced as descri bed above were then bl ended to make a 5W 30
passenger car notor oil (PCMD . The above basestock was a |ighter viscosity
than required for the finished 5W30 @5l and hence a second basest ock which
was sonewhat heavier was added to all the blends to hit a base oil desired
viscosity target. A comrercial additive package for G- 3 engine oils was

then added Lﬁl}-glﬁtégP?Jf%o&ﬁ’ﬂﬂ?ﬂf@t(-%%@HeterI@b%ﬂ@Eng% GRNEID! SncPd @

detergent/in package, a viscosity nodifier, and a pour point
depr essant . pdiae(BRXISAYE nter, 026chnahd. thES e didmY| sbasristodarknvigsth constants in
all the bl ends, onl ﬁ: the |ight basestock was varied. The forpul ated oils

ver e t est edcépary siothmnsoge greapedugss of $GEdneriAustipgl ¥r A dpaldefteemal (vRv) |

according tg the AS 3 t t of Baseoil
Conposi t i onmlogﬁgﬁ’fn%%% W%ﬁ(%@%%g%ﬁ% s% gl'v%?%g?lrﬁ gi’l ent- 6890 gas
chr omat ogr aphidAgiligent nifesénalotay  rapirclda sty tdunl jeDEprmainhodulatedisni th i nl et
colums, and detectors. A split/splitless inlet systemwth an eight-vial

tray autosamstadled hasvegsdlesetwe colmsnsi Adlmoioalzatian deteetoy (1B phpsedy st em
a 'm') 2 N ROLihal defiltio§ O WA nfiBAfte? samBleWFhsShjeckbddwilny 5.1 Bptit & 0 M
300°C from Inlet. Carrier gas is programmed from 1.5 ml/min with 0 minute
hold and 0.05 ml/min per minute increment to 5.0 ml/min with.0 minute hold.
The oven was programmed from 210°C with 0 minute hold and 1.5°C per
minute increment to 315°C with 0 minute hold. The total GC run time was 70
minutes. The modulation period was 10 seconds. The sampling rate for the
detector was 100Hz. After data acquisition, it was processed for qualitative
and quantitative analysis. The qualitative analysis converted data to a two-
dimensional image that was processed by a commercial program, "Transform"
(Research Systems Inc., Boulder, CO). The two-dimensional image was
further treated by "PhotoShop" program (Adobe System Inc., San Jose, CA) to

generate publication-ready images. An in-house program was used to quantify

the peak volumes.

[0064] Figure 3 presents a 2D GC (GCxGC) chromatogram of the
commercial solvent dewaxed basestock described Example 1. Using Cy7 as an
example, the chromatogram demonstrates the detailed n-paraffins (N) and iso-
paraffins (IP) identifications and selected integration volumes of identified
components. Since all iso-paraffins are not completely resolved in the two-
dimensional space, the iso-paraffins have been grouped into three regions, IP,,
IPg, and IP, at each associated carbon number of the baseoil components.

While integrating the identified peaks through the entire retention time of the



pol ar (BPX-50, 9 neter, 0.25mm 1.D., 0.25mmfiln), second columm. Both
capillary colums are the products of SCGE Inc. Austin, TX A dual jet

t hermal nwoubaydsesvzassenbl y based on Zoex technol ogy (Zeex/uSesos/o4izeicol n,
NE) which is liquid nitrogen cooled "trap-rel ease" dual jet thernal

nmodul ator is installed between these two colums. A flane ionization
detector (FID) is used for the signal detection. A 0.2 mcroliter sanple
was injected with 75:1 split at 3000CXrom Inlet. Carrier gas is progranmed
from1l.5 mM/mn with O mnute hold and 0.05 m/mn per mnute increnent to
5.0 M/mn wth O m'nute hold. The oven was programred from 2100C with O
m nute hol dzﬁr@cﬂchﬁ&ﬁs%ram @ﬁlufe ﬂaﬂgrer@f@mo £9).3h8 GelgHt beRefiapdibenhol d. The
total GC run tinme was 70 m hutes he nmodul ati on period was 10 seconds. The
sanpl i ng r aperaffor anchisogetaffinoat eaels ags0Cipked caftoamutiea caicbei sition, it was
processed for qualitative an ntitative anal. The alltatlve

anal ysi s coHV%‘%’ct%tH’e ?léfa‘c“(?g %P&!ng’ WS 2 %Rl Fgl é@tqeﬁ%ﬁnt%g Pf ocessed by a
comer ci al PG A nd iJ5- B&ﬁfﬁl{sfﬂt chRES8AIABd SHBbEHEMbBG in tROUI der, CO). The
t wo- di nensi I mage was further treated by "PhotoShop" program (Adobe
Syst em | nc. coiBarrclaisfeed CA) t o generate publication-ready images. An

i n-house programwas used to quantify the peak volunes. [0064] Figure 3
presents a 2D GC (GCxGC) chronmat ogram of the commrercial sol vent dewaxed
basest ock descri bed Exanple 1. Using C27 gs an exanpl e, the chromatogram
denonstrates the detail ed n-par affiﬁéﬁb‘@—and i soparaffins

COMMERCIAL FEEDSTOCK PP =-18°C MRYV = 36211 cP

Carbon Number 23 24 25 26 27 28 29 30 31
N 0.27 0.66 0.95 0.84 1.00 0.79 0.51 0.41 0.28
IPA 0.14 0.66 1.34 1.76 1.88 1.62 1.30 1.04 0.68
IPs 0.42 0.89 1.46 1.52 1.71 1.52 1.16 0.79 0.54
1P 0.09 0.26 0.65 1.02 0.62 0.58 042 0.32 0.22

Example 4

[0065] This Example defines a baseoil (basestock) composition with
superior LTP. A comparison was made between basestocks produced from the
combinations of commercial SDW and HDW processes (using Pt/ ZSM-48).
The upstream dewaxing process (SDW or HDW) dewaxed the feed to a pour
point in the range of about -16 to about -20°C. The downstream process
(HDW or SDW) completed the dewaxing to the target pour point. For
formulated engine oils containing basestocks made this way (SDW followed by
HDW), it a significant improvement in formulated engine oil low temperature
performance was achieved, as measured by MRV for formulated engine. In
contrast, if the base oil were made by HDW to an intermediate pour point
followed by SDW to a target point, formulated engine oils containing such a
basestock did not show an improvement in low temperature performance as

measured by MRV.



(I'P) identifications and selected integration volunes of identified
conponents. Since all iso-paraffns are not conpletely resolved in the

t wodi menswonade/spaee, the iso-paraffins have been groupedrtiust@sihnes
regions, IPA [PB, and | Pc, at each associated carbon nunber of the baseoi
conponents. Wile integrating the identified peaks through the entire
retention time of the2D GC chromatogram (in the range of C23 to GO the
wei ght percentage of nparaffin and i s@yparaffins at each associ ated carbon
nunber can be quantitatively obtained. Table 3 shows a typical weight
percentage of nparaffins and iso-paraffins at each associ ated carbon
nunbers in the commercial feed TABLE 3 Exanple 4 [0065] This Exanpl e
defines a baseoil (basestock) conposition with superior LTP. A conparison
was nmade be{os6h bIThesvmelescipr SIAWcedestodmattard 820 pbumpdingmeieof conmer ci al

SDW and HDW processes (using Pt/ ZSM 48). The ypstr dewaxi n rocess
(SDW or HDWoragsdengineintead W-305nggg Pllp%th‘iVeHﬁnbﬂgﬂn’aﬁ@%‘fﬁergﬂgut -16 to
about - 2Q0C.3Jhe| dpwhEL ﬁ’e{r%ﬁ'ﬁétﬁrag BlitiiPWhs EALPLRGAsdd6n SBVaxi ng to
the target pour point. For fornulated engine oils containing basestocks
made this weC 4RDMS ald uvedadnediDTHbleidt a significant inprovenment in

formul ated engine oil | ow tenperature perfornmance was achi eved, as neasured
by MRV for fornulated engine. In contrast, if the base oil were nade by HDW

to an inter m?t eT?l?ﬁ’HﬁWi [ﬁ'&duced the basestocks, which when formulated into a

5W-30 engine oil, demonstrated the largest improvement in cold flow
performance as measured by MRV reduction for a given pour point. For
examples, trim catalytic hydrodewaxing to about -19 °C pour point is effective
in lowering the MRV from 36,211 cP to an average value of 19,536 cP, a 46%
reduction in MRV apparent viscosity. When comparing to commercial feed;

we clearly see that the IP, concentration at each carbon number decreased

(Table 4).
TABLE 4
Trim HDW ZSM-48 PP =-19°C MRY =19536 cP Rxn Temp 290°C
Carbon Number 23 24 25 26 27 28 29 30 31
N 0.31 0.71 0.98 0.86 1.01 0.79 0.50 0.40 0.28
IP4 0.14 0.61 1.16 1.46 1.60 1.35 1.07 0.88 0.57
1Py 0.49 1.03 1.63 1.68 1.89 1.63 1.24 0.83 0.56
IPc 0.12 0.28 0.69 1.08 0.66 0.60 0.44 0.32 0.22

[0068] Engine oils formulated with the SDW — HDW basestocks also
showed significant improvement in MRV in comparison to the full SDW
basestock. 2D GC compositional analysis presented the different molecular
structures of the intermediate dewaxed products and how the final dewaxing
stage removes the remaining wax from the intermediate products. SDW

typically first removes high molecular weight waxy paraffins based on physical



followed by SDWto a target point, formul ated engine oils containing such a
basestock did not show an inprovenent in |ow tenperature performance as
measur ed W 2dR0sEM66] The commerci al SDW basest ock at acTAB06spoeLes poi nt ,
when fornul ated engine into a 5W30 engine oil, achieved an MRV neasurenent
of -36,21 1 cP. The nol ecul ar structural conposition was cal cul ated based
on 2D GC anal ysis and summari zed in Table 3. [0067] Tri m HDW produced t he
basest ocks, which when fornul ated i nt@8a 5W30 engine oil, denobnstrated the
| argest i nprovenent in cold flow performance as neasured by MRV reduction
for a given pour point. For exanples, trimcatalytic hydrodewaxing to about
-19 0C poursﬁﬁhﬁfon! $n ebARLE IINEHDWIRYRES Bshvieche hiy8RardBn21 1 cP to an
average value of 19,536 cP, a 46% reduction in apparent viscosity. Wen
conparing t motanieste isametratedysingbifimaionyl @tdysthaln théieadeRASEDWcent rat i on at

each carbon_nunber decreased l.e 4). TABLE 4 [0068]. Engine oils

formul at ed WY theeV ¢ Waﬂg&%gé%g’?tfﬁétk%epaqosaﬁ‘ WB%‘](’)‘atsei I PPPhnt

| mprovenent j [Mgi‘éi i UAL SIS

corrpositiong#?%na stlﬂgﬁpr sélgﬁ)g%yirﬁglggkiﬁ?%eéée%t m%gﬁ%@&?ﬁ%gpﬁ?f’es of the

i nt er medi at ehedeitiak 8D W pasbast slandelyoembies the hedvictanelktulgr wtighent enoves t he
remai ni ng wax fromthe interpmedjate products. .SD\Nt%epi cal l y. fi rit renoves

hi gh mol ecuP#eilie; Tt faNaMng, HDW mrorsshelierd vely 3omeizes narasaiiins apd | n
contrast, t ﬂ%pg%xp{o%ﬁﬁe%e GANYREES IR oY HEL CBTR R iled molecular

compositions at each process stage are presented in Figure 4 and Tables 5-7.
Figure 4 are GC chromatograms illustrating the compositional changes in n-
paraffin, IP,, IPg, and IP¢ regions for SDW->HDW sample. Table 5 shows a
raffinate feed and n-Paraffins and iso-paraffins distribution based on the each
identified carbon number in the lube raffinate feed. Table 6 and 7 show the
SDW intermediate and the SDW-HDW product: the n-Paraffins and iso-

paraffins distribution based on the each identified carbon number.

TABLE 5
130N Lube Raffinate PP = 30°C MRYV = N/A
Carbon Number 23 24 25 26 27 28 29 30 31
N 0.98 2.10 3.58 3.66 3.36 2.60 1.89 1.11 0.57
1P, 0.16 0.47 1.33 1.70 1.86 1.52 1.18 0.88 0.57
1Py 0.31 0.85 1.61 1.82 1.70 1.50 1.18 0.75 0.35
IPc 0.08 0.16 0.38 0.44 0.35 0.40 0.27 0.16 0.06
Total: 41.88
TABLE 6
SDW PP = 10°C MRYV =N/A
Carbon Number 23 24 25 26 27 28 29 30 31
N 1.02 1.82 2.63 2.02 1.69 1.08 0.70 0.38 0.18
P4 0.18 0.59 1.61 2.00 2.18 1.77 1.36 0.94 0.61
IPg 0.35 1.01 1.89 2.05 1.89 1.56 1.11 0.65 0.29
IPc 0.07 0.14 0.45 0.50 0.42 0.47 0.29 0.17 0.07
Total: 36.13




nol ecul es to isonerates using bifunctional catalysts. In the case of SDW -
HDW the waxy feed was SDWin the first step to an internedi ate pour point
by reduciwg 2véwskavy end waxy nol ecul es. As shown by geeTajscesmings aphy,
the initial SDWprocess selectively renoves the heavier nol ecul ar wei ght
nparaffin. The followi ng HOW process effectively isonerizes n-paraffins and
i soparaffn to achieve the desired | ube properties. The detailed mol ecul ar
conposi tions at each process stage aredpresented in Figure 4 and Tabl es
5-7. Figure 4 are GC chromatograns illustrating the conpositional changes -
in nparaffm |PA, [1PB, and |IPC regions for SDW>HDW sanple. Table 5 shows a
raff nate feed and n-Paraffins and tagigmyaffins distribution based on the
each identified carbon nunber in the lube raffmte feed. Table 6 and 7 show
the SDW i nt 8PMeai BBW and t he BPW-MY/ pr oMM = 3RAEch - par aR#1 Femppdi 0°C
i sopar af f i nCatbetNurther i on2bhased4on t¥e leath | ddhtilfiZd cathon Mnober3l TABILE
5TABLE 7 [0069] i gure 5 9ons! 2 [chébnmtlddr ank?d 111 094 r at948g Lt Bat | 0.19
i denti fi catl HBn| 1| 1BR | 498 | PEOk ggildBis| Usi8ng Or%l 0.46

compound nC 6 an@s nc28 |pdrids{i h® |TRE7 | owedt | ch#ln h-38s T 080 Ik 1943
i soneri zat ion_pri8duct s loP3ACEe)Hodel 08 dnpdndt O¥hd A7ddl d40ndobad dgddfy |
froma commercial basestock ; Tatalp ¢0.1 Be

raffinate. The inserted chromatogramon the right hand corner is fromthe
i sormeri zation products of nC 6 nodel conpound.

[0069] Figure 5 shows GC chromatograms illustrating the identifications of
n-paraffin, IP,, IPg, and IP¢ regions using model compound nC,s and nCpg
paraffins. The lowest chromatogram is from the isomerization products of nCpg
model compound, the middle chromatogram is from a commercial basestock
and the upper chromatogram is for a 130N lube raffinate. The inserted
chromatogram on the right hand corner is from the isomerization products of

nC;¢ model compound.

[0070] Based on the GC retention time derived from isomerization products
using model compound hexadecane (nC;¢) and octaicosane (nCyg) over
Pt/ZSM-48 catalyst (shown in Figure 5), we identified that the major
components in the IP, region were identified as mono-methyl isomers of the
corresponding carbon number species. The IPg region contained the mixture
of mono-methyl of the corresponding carbon number species and di-methyl
isomers of one carbon number above the corresponding carbon number species.
The IP¢ region consisted di-methyl isomers of one carbon number above the

corresponding carbon number species.

[0071]  Figure 6 shows GC chromatograms illustrating the compositional
changes in n-paraffin, IP,, IPg, and IP¢ regions for HDW->SDW sample.

Table 8-10 summarize the detailed molecular composition of feed and product



[ 0070] Based on the GC retention tine derived fromisonerization products
usi ng nodel conpound hexadecane (nC 6) and octai cosane (nC28) over

Pt / ZSM 48woabvadossio2( shown in Figure 5), we identified tipatr/ushesomj20s
conponents in the IPA region were identified as nono-nethyl isonmers of the
correspondi ng carbon nunber species. The I PB region contained the m xture
of nono-nethyl of the correspondi ng carbon nunber species and di-nethyl

i somers of one carbon nunber above the&ocorrespondi ng carbon nunber species.
The 1 Pc region consisted di-nethyl isoners of one carbon nunber above the
correspondi ng carbon nunber species. [0071] Figure 6 shows GC chromat ograns

i 11 ustrating 48 (cQRBOShEd. ONMle §IROGESIGN [ibeReIaAtt:m-Phizfind 4R b6l | PC
regi ons for HDW >SDW sanpl e. Table 8-10 sunmari ze the detail ed nol ecul ar

conposi t i onpafffirsatistahetigr bated vathecarborpnwlksrs Tabledbshowgithe HD Whows 130N

| ube Raffinate: n-Paraffins apd isoparaffijns. .di trhbuti n _based on the

car bon nunb&HCITESH G R§TAHBYHAD ’r‘?g'ﬂgﬁtﬁlpﬁh #WEBP%@ g PIy ¢ qurf%unil?]e&

| s0- par af f Mg, e 30shBws g HIgwed SHWGR6RRE IP4HRETns ahddEpa@ffaRows the HDW >
SDW product: n-Paraffins and iso-paraffins distribution based on the carbon

nunber. [ 00dR}ritsitignibhsesiaont the cpdbon nvRbeper f or rance was observed for the
engine oils fornulated with the basestocks dewaxed through HDW- " SDW
versus SDW (r) HDW In this HDW (r) SDW product, the 130N | ube raffinate

was HDWto g2 Ol kaueticdi %BMtMRVZB_S%fofMHnQQ was ébswekl foi Md afigipour poi nt
to the trimHDWcase. The g 30 MRV viscosity was 92,649 cP, nuch higher
oils formulated with the basestocks dewaxed through HDW — SDW versus
SDW — HDW. In this HDW — SDW product, the 130N lube raffinate was
HDW to -7°C followed by SDW to -20°C, which is a very similar pour point to
the trim HDW case. The SW-30 MRV viscosity was 92,649 cP, much higher
than that of the trim HDW baseoil. Thus this formulated oil fails the MRV

specifications.

[0073]  The first HDW step homogeneously isomerized the waxy n-paraffins
to produce isomers preferentially with monomethyl substitution. The sequential
SDW step only effectively removed n-paraffins. A significant amount of
monomethyl isomer molecules (concentrated in IP, region) left behind in the
intermediate pour point product was not effectively removed in the second

SDW step due to a lower crystallization temperature (See Figure 6).

[0074]  These partially HDW molecules might impose greater difficulties for
the SDW process to effectively reduce MRV in the equivalent pour point
products. Therefore, the significant remaining amount of mono-methyl species
were detrimental to MRV. The HDW->SDW sample presented a slightly
higher paraffin content (42.68% wt) than that in the SDW->HDW sample
(40.13% wt).



than that of the trimHDWbaseoil. Thus this fornulated oil fails the MRV
specifications. [0073] The first HDW step honbgeneously isonerized the waxy
n- par af f iwe 20@/@Bsmduce i soners preferentially w th nonowetrhysboswbebs t uti on.
The sequential SDWstep only effectively renoved n-paraffins. A significant
amount of nononet hyl isomer nol ecul es (concentrated in | PA region) left
behind in the intermedi ate pour point product was not effectively renoved
in the second SDWstep due to a | ower_xrystallization tenperature (See
Figure 6). [0074] These partially HDW nol ecul es m ght inpose greater
difficulties for the SDWprocess to effectively reduce MRV in the

equi val ent pour point products. Thefglgyreg the significant remaini ng anount
of nono-net hyl species were detrinental to MRV. The HDW >SDW sanpl e

pr esent ed slightly higher paraffin content (42 68%wt) than that in the
SDW >HDW s addfiNLybg Rafiimatent ) TARLE BP THBEE 9 YENMA HDW - (rYSDWPP = 20C
MRV = )2645&W&Lﬁ5{9r 23424 25 Jg 37 93239 [32831) N2D 4638 dg 31 3R
1.13 1,26 091 0N50 0 350881 2.Ba 0358 | 358 b B36 42805 g% [ob1h 15953 hg
0.54 1PB 0L76 1 185 2 14 9160 D43 118k |1 199 § L6 4 432 | 1.18" | 0.88 | 0.57
1Py 0.31 0.85 1.61 1.82 1.70 1.50 1.18 0.75 0.35
1P 0.08 0.16 0.38 0.44 0.35 0.40 0.27 0.16 0.06
Total: 41.88
TABLE 9
HDW PP =-7°C MRV =N/A Rxn Temp: 300°C
Carbon Number 23 24 25 26 27 28 29 30 31
N 0.54 1.14 1.54 1.34 1.42 1.06 0.63 0.43 0.23
1P, 0.68 1.61 2,71 3.26 3.07 2.48 1.80 1.29 0.67
1Py 0.76 1.58 2.45 2.59 2.74 2.33 1.66 1.00 0.56
IPc 0.21 0.48 0.95 1.39 0.88 0.77 0.53 0.35 0.20
Total: 47.30
TABLE 10
HDW — SDW PP =20°C MRV = 92649 cP
Carbon Number 23 24 25 26 27 28 29 30 31
N 0.46 0.98 1.33 1.13 1.26 091 0.50 0.35 0.19
IP4 0.77 1.73 2.81 3.16 2.92 2.23 1.57 0.99 0.54
1Py 0.76 1.45 2.14 2.09 2,23 1.85 1.31 0.76 0.43
1P 0.23 0.46 1.00 1.47 0.91 0.77 0.50 0.33 0.18
Total: 42.68

[0075] Ifa comparison is made among basestock products illustrated in
Table 4,Table 7 and Table 10, the calculated Isoparaffin Index (based on
Equation 1) for trim HDW basestock product in Table 4 is 8.84/(10.99+4.41) =
0.57 (MRV =19536 cP). The calculated Isoparaffin Index for SDW->HDW
basestock product in Table 7 is 11.43/(15.09+5.88) = 0.55 (MRV = 37257 cP).
while the Isoparaffin Index for HDW-> SDW basestock product in Table 10 is



|Pc 0.23 0.46 1.00 1.47 0.91 0.77 0.50 0.33 0.18 Tota : 42.68 [0075] If a
conparison i s nmade anong basestock products illustrated in Table 4, Table 7
and Tabl ewdQpodidsssoeal cul at ed | soparaffin I ndex (based omcEqisadosom2dy for
trim HDW basest ock product in Table 4 is 8.84/(10.99+4.41) = 0.57 (MRV
=19536 cP). The cal cul ated Isoparaffin |Index for SDW >HDW basest ock product
in Table 7 is 11.43/(15.09+5.88) = 0.55 (MRV = 37257 cP). while the

| soparaffin I ndex for HDW> SDW basestiock product in Table 10
is16.72/(13.02+5.84) = 0.89 (MRV = 92649 cP). Based on these results, it
can be seen that the MRV for tri mHDW basestock in Table 4 would produce a
| ower val ue - RPW-bes k Bicihed Rl g cdnand for
HDW > SENVbéézg?%%Egt?g uc?gpﬁ Tabl e 10?%EZIR%%Q1. AF%?S%%SS for predicting
the M ni Robassenthataha®RY foiMrRY) HRY Wieststaek infTablerhwbaldgdodidesr based on

paraffin distributiop whic ri 2. (a), injpectin estpck sanpl e
into a firslovd|vams Qaggrmﬁlgﬁﬁgpéﬁé@%h;@ﬁﬁ&lgél?aggen, a (;focﬁ first

col um bei n@{[?\?‘?‘ﬁgﬁ\wib%gb ?OCR?;?&&JC@VinﬂEBl%HiO@' to separate the basestock
sanple into a series o EIFS di mensi on sanpl e conponents having a first
set of retention tines; (b) injecting the separated first dinension sanple
conponents fromstep (a) into a second colum coated with a sem -pol ar
material to further separate the separated first dinmension sanple

conponents into second di nensi on sanpl e conponents having a second set of
retention tines;



(c) subjecting the first and second sets of retention times to qualitative
analysis to identify iso-paraffm conponents or groupings thereof and to
guant i t atwoeeoanabssi s to identify the quantity of the i sorpse@kiirn2s
conponents having carbon nunbers in the lubricant basestock range; (d)
grouping the iso-paraffin conponents into x groupings where x is a nunber
fromO to 3 for each identified individual |ube paraffins in the carbon
nunber -range from 16 to 505; (e) selegBing a | ower carbon nunber n and an
upper carbon nunber m (f) identifying a first, second and third
iso-paraffin group A, B and C for each individual carbon nunber over the

range from gytnig. (9) calculating an Isoparaffin Index by the formula: m
| soparaf fi n—#rTgEX—:and; (h) conparing the cal culated Isoparaffn Index to

tﬂe I soparaffn Index calculated for standard sanples of known MRV wherein
(ne Stander§ sarpl e | SRR L L bR VR PR R L, 2
nh 1 o2 LIS g BT g B nipseses o ciain
dewaxi ng is by at) | easjectorgsa bisestotlygample into a first column of a 2-
dimensional gas chromatograph, said first column being coated with a non-
polar material to separate the basestock sample into a series of first dimension
sample components having a first set of retention times;
(b)  injecting the separated first dimension sample components from
step (a) into a second column coated with a semi-polar material to further
separate the separated first dimension sample components into second
dimension sample components having a second set of retention times;
(c)  subjecting the first and second sets of retention times to
qualitative analysis to identify iso-paraffin components or groupings thereof
and to quantitative analysis to identify the quantity of the iso-paraffin
components having carbon numbers in the lubricant basestock range;
(d)  grouping the iso-paraffin components into x groupings where X is
a number from 0 to 3 for each identified individual lube.parafﬁns in the carbon
number range from 16 to 505;
(e)  selecting a lower carbon number n and an upper carbon number
m;
(f) identifying a first, second and third iso-paraffin group A, B and C
for each individual carbon number over the range from n to m; .
(g) calculating an Isoparaffin Index by the formula:

S (P,

L=n

Isoparaffin Index =— -
D UP) + D UR),
L=n L=n



dewaxi ng or catalytic dewaxing. 5. The process of claim4 wherein catalytic
dewaxi ng i s under effective dewaxing conditions. 6. The process of claim5
wher ei n evbesddosssodewaxi ng conditions include tenperat upres/usesospenzabout
200C to about 400C, pressures between about 2860 to about 20786 kPa,
hydrogen treat gas rates of about 89 to about 890 n3/nB , and liquid hourly
space velocities of about 0.1 to about 10 V/V/hr. 7. The process of claim
lwherein the non-polar material has a-3polarity between 0 and 20. 8. The
process of claim1 wherein the sem -polar material has a polarity between
20 and 50.9. The process of claim1l wherein separated first dinension
sanpl e conpgpents are sent to a nodulator. 10. The process of claim?7
wherein the ndn-polar material is a nethyl silicon polyner. 11. The process
of clai m8 wherefhy t henpening pol @iculaied Isoparaffin ldaethihe Isoparafdp pol ymer in

which at |east so of . th t hyl h bsti b h )
15 “The. pr obulex Saateted i tanin SrRPER S PRg i IS TR Tt X, B o
conponent s Ee{@g&; SRR Indix T8RS hRR FaBoR@PbLRs th the retention tines

for sanple conponent's fromthe first dinmension sanple conponents to forma
conpr ehensi ve 2D chr omat ogr am

2. The process of claim 1 wherein the basestock has been solvent

extracted, hydrotreated or extracted and hydrotreated.
3. The process of claim 1 wherein the basestock has been dewaxed.

4. The process of claim 3 wherein dewaxing is by at least one of solvent

dewaxing or catalytic dewaxing.

5. The process of claim 4 wherein catalytic dewaxing is under effective

dewaxing conditions.

6. The process of claim 5 wherein effective dewaxing conditions include
temperatures between about 200°C to about 400°C, pressures between about
2860 to about 20786 kPa, hydrogen treat gas rates of about 89 to about 890
m*/m’, and liquid hourlybspace velocities of about 0.1 to about 10 V/V/hr.

7. The process of claim 1 wherein the non-polar material has a polarity

between 0 and 20.

8. The process of claim 1 wherein the semi-polar material has a polarity

between 20 and 50.



13. The process of claim1 wherein the iso-paraffn conponents are grouped
into 3 groups. 14. The process of claiml wherein nis 23 and mis 31. 15.
The procewe 2066/652m 5 wherein the catal ytic dewaxi ng upes/im20065/045b8 48
dewaxi ng catal yst. 16. The process of claim 1l wherein the basestock sanple
may be fornulated or non-formul ated. 17. The process of claim1l wherein the
MRV of formulated oil for an Isoparaffin Index of 0.8 or less is 40000 cP
or less.18. The process of claim 16 wisrein the fornul ated sanpl e contains
an additive package. 19. The process of claim 18 wherein the additive
packages contains at |east one conponent selected from di spersants,

detergents, gweary l'le”g&'opésts %1auﬂr1wv9e&bﬂkas@b§fateaqﬁ§t dlﬂl@hﬁbﬁ Qmipledenul sifiers,
extrene pressure riction nodif I ers, mul tif unctlon addltlves

viscosity i neleporienpyawserd to ponodupsomt depressants, and foam inhibitors. 20.
The process of claimilwherein x is 3. 21. The process of claim lwherein the
formul ated oils are for use in passenger car internal conbustion engines.

10.  The process of claim 7 wherein the non-polar material is a methyl

silicon polymer.

11.  The process of claim 8 wherein the semi-polar material is a methyl
silicon polymer in which at least some of the methyl groups have been

substituted by phenyl.

12.  The process of claim 1 wherein the retention times for separated sample
components from the second dimension are coupled with the retention times
for sample components from the first dimension sample components to form a

comprehensive 2D chromatogram.

13.  The process of claim 1 wherein the iso-paraffin components are grouped

into 3 groups.
14.  The process of claim 1 wherein n is 23 and m is 31.

15.  The process of claim 5 wherein the catalytic dewaxing uses a Pt/ZSM-

48 dewaxing catalyst.

16.  The process of claim 1 wherein the basestock sample may be formulated

or non-formulated.

17.  The process of claim 1 wherein the MRV of formulated oil for an

Isoparaffin Index of 0.8 or less is 40000 cP or less.
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18.  The process of claim 16 wherein the formulated sample contains an

additive package.

19.  The process of claim 18 wherein the additive packages contains at least
oné component selected from dispersants, detergents, wear inhibitors,
antioxidants, rust inhibitors, demulsifiers, extreme pressure agents, friction
modifiers, multifunction additives, viscosity index improvers, pour point

depressants, and foam inhibitors.
20.  The process of claim 1 wherein x is 3.

21.  The process of claim 1 wherein the formulated oils are for use in

passenger car internal combustion engines.



