;e3e| | } Fo@vTdoO WO 02/ 47460 PCT/ USO01/ 47768 MASS SPECTROVETRI C MULTI VARI AT
ANALYSI S [0001] This Application clains priority from Provisional Patent
Appl i cat iveA 024860 Seri al Nos. 60/ 258, 900; 60/ 256, 129; and GCTAZD18D8 al l
filed Decenber 15, 2000. BACKGROUND [ 0002] Multivariate nodels are the
basis by which on-line infrared anal yzers are used to estinmate conponent
concentrations such as benzene content, saturates content, aromatics
content and ol efin content for notor gasolines, diesel fuels, jet fuels and
process streans, anMASSBRECTROMEITRIC NESCRICARIATIANALYSIg§Ne nunber of
gasol i nes and cetane nunber for diesel fuels frominirared spectra. For
exanpl e, Maggard describes the use of nultivariate nodels for neasuring
-paraffin, isoparaffin, aromatics, naphthene and ol efin contents of notor
gasol i nes and gasoline conponents (U.S. Patent 5,349,189). Mggard al so
descri bes t ¥01§e of Nilds Applicetien claings priosite fiami PrextisivaahBatont s (U. S.

‘P 4,963, (45, , 349,188). P U S 5,817,517
desor be. t hALRICAPNERS] Rendh Nob P0G D QLRpsad o3 Peatidled
hyd b QN4 ti d bl endi . [0003] Th

o?‘/ mfﬂvgp%%g}@%gg?gzﬁ)ﬁpara ion an endi ng processes. [ ] e use

S'not limted to | r yzers. Jaffe
descri bes the use of gas chronmat ography tﬂlﬂ'ﬂﬂ@t“ﬁmﬂﬂ[ﬂ@%t ane nunbers for
gasolines (U S. Patent 4,251,870). Ashe, ) ra, Felsky and
Fitzgeral d BleCGKGROUMNIB use of gas chromat ogf®@¥fy/ nass spectronetry

(GC/M5) and nmultivariate nodeling for predicting chem cal or physical
properties of crude oils (U S. Patent 5,699, 269). Cooper, Bl edsoe, Wse,

Sunmer and 02/ ~7~1r0Q -2 PCT/UQULl/: ~7768 describe the ,use o
Raman spect y@:@épy a\rll\gllﬂﬁllvtaf\?gfr impdels s ﬁi’ﬁ; l?a&lsej{y; r?ﬁf”@[’o@?‘alﬁéﬁ rﬂ}?ﬁ%ﬁ‘é and
Rei d vapor es,.of spf i . t : 004

Convent i onaﬁﬁg@%ﬁél ta rcg!ur?ggrms Sepl?'fa?egactg Imorﬁoglteggdcroglg gr?%? n‘%gs)r Slﬁ%lgp%r ][hlelégenseuch
as penetrat cofitent, SSOFALEY ,cohit] |drbmatisOT doRiéiitd aR@i Hlefinetontetd &R A6 2

hi story of enpirical correlation with asphalt pavenent perfornmance in

servi ce. Theasdliresy diesel dpelsj fiétcfitelpand hawveessostreams,eand prapempies peichi & t o

provi de stable and durabl e road surfaces has resulted in the devel gpnent of
SUPERPAVETM&S58ESHY ARG INGQE qcgane Ruabeyiof fasglingsand cetansanvmben derr diesphsed

&:m&:“? ?Lﬁ’;’:. f%"@é}b‘é&ﬁﬁ%‘é‘?‘nﬂ%g@ﬁ# B ?%ﬁ@%"ﬁ\%ﬁg%%ﬁgg%ﬁeq?&%éiéﬁg e ot
e e s e e i T L

to rank nol endldefin aomoeentcf motbri gesolinty and gdsotiak "comspdiaints (OMOBatehON
based on conventional and SUPERPAVETM performance paraneters have not been
successf ul . S48, 1&)at Maegare alser deseribes theouse OBMIaIchOpma@uﬁng@@tam anskked

chch asphal beighe puithees PSS HARHIE b0 s SAgilg RAEn) o Hrawiy 0.
et woen B LRt Lo en Raciorb® RORE br FT Bt foP Bk minnt R capoaichrdr

ranking is #del ti)Wﬂﬁbda@bélﬁctbx@@r§i©ﬂ,5§dﬂamidnoaﬁd”lﬁleﬁﬂﬁ¥g' proakdseqn cut
tenperature of the residuum [0006] It would be beneficial to find a method

to rank and identify acceptable or ideal asphalt conpositions by testing

t he feedsto bl en under . . .. .
f&ﬂﬂ%’] cﬁle use of multivariate models is not limited to infrared analyzers.

Jaffe describes the use of gas chromatography to estimate octane numbers for
gasolines (U.S. Patent 4,251,870). Ashe, Roussis, Fedora, Felsky and Fitzgerald
describe the use of gas chromatography/mass spectrometry (GC/MS) and
multivariate modeling for predicting chemical or physical properties of crude
oils (U.S. Patent 5,699,269). Cooper, Bledsoe, Wise, Sumner and Welch
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consideration prior to asphalt production. WO 02/7.160 -3 SUMVARY

PCT/ USOL/ -477fi 8 [0007] The present invention uses a conbi nation of
convent i oxe@l02/aT4do r heol ogi cal paraneters to devel op a conp@OMESOIME®S 0gi cal
ranki ng whi ch accurately predicts the relative field performance of the
asphalts and that rheol ogically-simlar asphalts and vacuum resi dua exhi bit
commonal ties in nol ecul ar conposition, preferably neasured by high

resol uti on nass spectronetry. The abundance of specific nol ecul ar

Structures R{sedelHh Gl hse i : F
SESEE B on B AR EL PR oA PSRRI ERRS e P

(intensity wvstansmusbdre andRmih vhpdr\prasyuined 6B gasbliges €US. Taomst 89122y i nt

»spectra (intensity vs. mass) for fractions fromthree representative crudes

(MEN, CL, and BL); Figure 3 shows a fingerprint spectra (intensity vs.
mass) for a t fromthree representatjve crudes. N, BCE-22, and ,ClL);
and Fi gure i&i%ws ca eﬁﬁﬂﬂér , aW&a cu @ﬁeﬁeisgﬁ?l,ﬁga ang ntaélq'éqsﬁya]i’}g.de‘fmss
for rheol ogi (3 0 PAVA L [ A
met hod has gg@nergéé\zgﬁé%(gﬁ%f e?%%%,! ygg?ée@f\’/c?%-rl;@’t oﬁghrm [ (glgﬂﬁha 't&glga ity
of an unknowave RUBRtEHY! of Smfhefiédli dirdaticl Mitlpasphdk peveaent peifeathide in
conposition and asphalt pavenent performance is required in order to

achi eve thaseyied.. The fadluat i afhspeqifibationsebasaduda sbaventaomdl pbpertiear to
conposition of asphalt, independent of penetration or performance gra

de,
was est abl i preddesitaferangh dugahde sopd supmses digadepdlieh iy therdeysiopment of
I mat M 76U..4 PCT/ USI .1/ +77 120 I | .
Pentr 11 ed SURERPAVE o BERiTSpIas, (R HFaIog eaihy Shmlp o iaft GiFRREY Rotil ©
general ly %ﬁ%@&mﬁ@d@ gte%iménéégg&& [{thR8u HRioflehy ARPIAN gahibofditidRd R

is a heteroatom or “heteroat om conbi nati on contal rfi ng sultur, nitrogen, or
oxygen. TheThel SUPRRPAVEBIYs specificatimst do diostdurgenitish dosit wethn riesibgichHyS r om
different crude slates, and are relatively insensitive to distillation cut
t enper at ur esounfpleze siaterials ranch dchaok evmsenhy differentiate pRiformanke wdtaspbaltaiiphal t
conposi tion _and pavenent perfor i s established through enpirical
(speci fi cat thyarae PRECHR @%@@dgﬁﬁésiogical) measur ements on asphal t

bi nders in the | aboratory.

[0005] Attempts to rank molecular components and identify an "ideal"
asphalt composition based on conventional and SUPERPAVE™ performance
parameters have not been successful. The relationship between composition and
performance is masked by the use of a single performance parameter to rank the
performance of each asphalt or vacuum residuum. The assigned ranking varies
widely depending on which parameter is chosen (i.e., pen@25, SUPERPAVE
spread between PG temperatures Tmax and T min, G¥ @Tg, etc.). The assigned
ranking is also found to be too sensitive to the distillation cut temperature of the

residuum.

[0006] It would be beneficial to find a method to rank and identify
acceptable or ideal asphalt compositions by testirig the feedstock or blends under

consideration prior to asphalt production.



[ 0010] The present invention is a nethod to determne the suitability of
crude oils, mxtures of different crude oils (crude slate) and crude oil
fracti onava92fised for asphalt production based on the chemoaaiso1/47768
concentration of one or nore of a nunber of nolecular fragnments in HR/ M5 of
a feed sanple. A specific fingerprint range will include individual

nol ecul ar conponents which are expected to perform adequately in asphalt.

[ 0011] Determ nation of optinmal asphalt conposition from nol ecul ar nonents
i's preferabkydMARDY | shed by the process: a) select the asphalt or

resi duum by—performrconventional, SUPERPAVETM and/or rheol ogical tests,
c) determ ne the rheol ogical index of the sanple, d) determ ne the nean
-rheol ogi cal index of the crude slate (RI'), e) assign the rheol ogical group
(RG e.g., OWs | -1 hhe pyesent duventionnuaes ancembinajionapbaenventignalcandon

e RS e B BRSPS uBhe o)
o ) Y HE il B e S e RSO e R

conpar e t herh@legi¢hBy-siidhi | £phalts 48R vaSh@MP résid@n cbxp@sit ddsh@ieRaltdds in
asphalts, and j) confirmthe statistical significance of the differences

usi ng nol ecutaecutanecomposiiint? ) pPefedallyi aneafured pfyl t highr f msoltiona f mass

nmol ecul ar conposition is preferably acconplished by the process; a) select
t he asphal t SBectiuBetEyum he pbydanse mliingriticeBwleaul @hstieures pdt indigait s of ¢)
cal cul ate nean val ue§ @f Z = f{}]gg | = (2, MN=1(2), C¢ =f(2) for each
nol ecul ar gpld]aegqu)asg pEPHRECR rrg?ré]ﬁ'}?teed rheol ogi cal index of the sanple
(RI') using the RI = f(nonments) equation, e) conpare the predicted Rl to the
RI of good (Goup I) and poor (G oup IV) asphalts, f) determ ne the

rheol ogi cal BRIBRD@SCREP HONIGH THE DRAWINGS

[0008] Figure 1 shows fingerprint spectra (intensity vs. mass) for Group I-
IV asphalts;

Figure 2 shows fingerprint spectra (intensity vs. mass) for fractions from three
representative crudes (MEN, CL, and BL);

Figure 3 shows a fingerprint spectra (intensity vs. mass) for asphalt from three
representative crudes (MEN, BCF-22, and CL); and

Figure 4 shows carbon number, molecular weight, and intensity vs. mass for

rheological groups (RG) for Groups I-V.

DETAILED DESCRIPTION

[0009] A method has been developed to rapidly predict and to modify
asphalt quality of an unknown crude oil. A definitive relationship between
molecular composition and asphalt pavement performance is required in order to
achieve that goal. The relationship between crude slate and molecular
composition of asphalt, independent of penetration or performance grade, was

established using high-resolution mass spectroscopy (HR/MS). Approximately



g) predict
on RG and

the suitability of the crude slate fox asphalt manufacture based
h) confirmthe suitability of the crude slate for asphalt

manuf act We py746bnpari ng with Goup I and G oup |V asphal tPET/JD02B%8 A
mat hemati cal description of a preferred del to determ ne Theol ogi cal

i ndex (Rl)
E-2 H - 4.

in part (d) above is: Rl = 1378639 - 1.18964 E-1 ~Hc + 6.12843
10153 E-1 Hz - 4.68191 E-3 Ni + 6.65557 E-3 O + 5.88057 E-3 Sm

- 1.42995 E-1 Sz - 3.14998 E-3 [ C5ARi ngs-] - 3.35754 E-3 [ C5ARi ngs+]
wherein R2 $20.186lecula¥@r88ps werd QentibiedAEMMSIH mcAddiler 506kMe (18 e

foll owi ng nol ecul ar nonent characteristics for asphalt manufacture are

preferred:

“hi gher inte
intensities
intensities
“hi ghar omat i
hi ghar omat i
R=S2, hi ghe

Rawhercas ptag| gemerdiiyt greater than tpnod nosgéd firomm zeraytmappabkimatalye
nsity for hydrocarbon nol ecul ar groups, 10 S z < 26, |ower
Ararand, & dé ap pesterstemyphheigraatom xepmbination 4 g0ntangpg sultur,

e dtpRRrEC MR oBBHRE: Bodbs 985§ IR G o

L 2 . : . L -
%EIIBHalt% PR EHPéfl%ﬁt SuAERatks, kthd<are*refativedy) HES‘%%S@VEZ@SE%%@%? e

rintensities for oxygen nol ecul ar groups

C'H-2n~~ - Rewhiingpdraitsesofipssiduantromothg gemesotde istae.i The dink beween asphalt

hi gh- ar omat
di fferences
> 32. InC
i nt er nedi at

CnH~~nZ~ =S

For CnH~-2"~
for 9 <z

nol ecul ar g
conpari sons
this invent
pavenent pe
properties

poi nt, duct
poi nt, n-he
per for mance

icity oxygen nolecular groups (22 < z <_32), and no
compositimsiand bpaveownt t herfarmpandet ds f estahbshedu| througho epapinicel e 2

H~2~{ - - nol ecul, ar oups, where 4 < z < 22, gopd and,
& pf@atm%rmls?hanmt%&{w&ﬁg&a imﬁé@rpﬁﬁﬁtsp%rasakaghﬁmdg.rs i
alts exhibit higher intensities for 16 < z < 26.
%%%%g{)%gggsphal ts exhibit higher intensity than poor asphalts
< 21. Good asphalts exhibit slightly higher intensity for SO2
roups than poor asphalts. Figure 4 shows these types of
[00Da]1S] THrhleeprdsastsivenfiopds homethnaetpdetemin theaswtabdlety ofi
ion to_rank asphalts and vacuum residua and to predict their

crasieneids anixturessi diiercahenudg ikirerudesslale) end aayos oit fragdons as

A P Eahalien e B Bab B coreiRfoh it 5B eridafs
' I | . : ERPAV]

O3 SulbsP 01 i FEANELS RIS B, i TR AN

SUPERPAVETMfHipegftht( favi@s iwil inclW@ ORldividG® molecular components which are

expected to perform adequately in asphalt.

[0011] Determination of optimal asphalt composition from molecular
moments is preferably accomplished by the process:

a) select the asphalt or residuum,

b) perform conventional, SUPERPAVE™, and/or rheological tests,

¢) determine the rheological index of the sample,

d) determine the mean rheological index of the crude slate (RI'),

¢) assign the rheological group (RG, e.g., Groups I-IV),

f) calculate mean intensity, aromaticity, carbon number, and molecular weight
for each RG,

g) plot mean values of Z = f(I), I = f(Z), MW = f(Z), C# = f(Z) for each

molecular group (hydrocarbon, sulfur, oxygen, etc.),



_7_ PCT/ LI SO1L~77&8 difference between high and | ow specification
tenperatures XX and YY), cross-over tenperatures (Tmax, Tmn, and Tfat; the
t enper at we92/at460hi ch specification stiffness limts are PETUSoantyes
crossover tenperature spread (Tmax-Tm n),setc. I11. Rheol ogical indices
from conpl ete rheol ogi cal analysis within the |linear visco-elastic domain
of the material. These may include the SHRP Rheol ogi cal Mdel (master curve
indices Gy, n0, we, and R @Tref=+10C) and Phase Response indices (Tf, Tb,
T45 @8=10 hadcalcniase hmolequlam) memenits gasint prifd(intensityet . aagoatpity) /
Convent i onagﬁfh.alt toperties, CGSB grade, SUPERPAVETM performance

par amet er s q}QB}a&%Fté’ | indices all attenpt to describe the tenperature
*suscepti bil iy i - i LA

suscept i bi 1 Dt yopaRl 8 REBIcbula? HiBEiTEs B, L0RETGROLY PP BR8L (Citog TV o1
recovery af hgshdi@agnd enoval . Each parameter neasures a different aspect of
‘material response. A nethod of conbining the paraneters has been devel oped
in this inv@ntdonfirto thel ktatisesalr sigmifidencbelbéviter differenpbal tsing mdlendasd on
of crude slate, independent of distillation cut tenperature. (0017] Through
an iterati vB1Q3R@8ss, paraneters such as those in Table 1 were selected to
rank asphalts and vacuumdistillation residua for pavenent performnmance.
Because the majority of these paraneters are based on cl assical rheol ogy,
they are Ca:[lcb(ﬂ% rheol %é&i%{ioﬂ?fffa‘épﬁgl??%rgﬁi HE¢ Foin IﬁQ@é@l]ar%'anﬁfo@it idr
normal i zed noninal ranking systenmis use or paraneters such &as those in
Tabl e 1, bap&gfeﬁblyabmpmdal‘b}ombipfbg@gspaverrent performance in a

general i zed application.” The performance paraneters are neasured or

cal cul at ed apselecicthevaaphaltror tasidiumm obt ai ned at a gi ven cut WO 02/ - ~7~C0
-g PCT/ USO1 §.17768 t,elgir*per ture froma given crude oil slate. On a

par aret er - bp) parfarpigh gesolution masy &g &% assigned a ranking for each

par anmet er. | 4 ' erm tite ar t - i yal ent
b dent 1 caP) GBS R ASRr Bt eiTlelcd HAk YNEY, 35, S 5 048 e
ranking of ifsle¢uldt gtdlippl paraneters. An overall ranking for each crude
slate is determned by cal cul ati ng the nean of the nean rankings as

det ermi ned i deteenpineh® psedittep rheologidal ihdex of tldusarhpleniRIhaisorputhe RIat e
(Figure 1). Five paving asphalt rheol ogical "quality" groups are identified
based on t h&mementsgiegudtiomainki ngs where Group | is "excellent” asphalt,
Goup Il is ¢ good" hal {. |1 ks »'satisfactory” aspha an

G oubs 1V Rk bz BB Bedicted 16 Eh he Bhot i orttpon ra B (fsiowBl v
conposi tion,gfy gsphalts in each group is consistent with the rheol ogical
perf or mance I'ng’ HR/ MBS fingerprint of 120 nol ecul ar groups of the fornula
[C'] ~~2, ~~. fy Bterrhirithe rBeslogival grcuprdfihe ghmipley di f ferent crudes give
asphalts with different conpositions. [0020] Mean intensities and standard
devi ati ons @ peediel thel sitability of tho apide, slate, for psphadinaanyfagiph based o RGY
confidence interval predicts the range for each nolecular group in Goup I,
11, 111, and™®V asphalts. Figure 1 shows representative data for groups

|1V, Tabley OBAMETRRUM, FRORMVENT SO G U5t SRl Hhama RGP 1

comparing with Group I and Group IV asphalts.

[0013] A mathematical description of a preferred model to determine
rheological index (RI) in part (d) above is: RI =13.8639 - 1.18964 E-1*Hc +
6.12843 E-2 Hi - 4.10153 E-1 Hz - 4.68191 E-3 Ni + 6.65557 E-3 Oi + 5.88057
E-3 Sm - 1.42995 E-1 Sz - 3.14998 E-3 [C5ARings-] - 3.35754 E-3
[C5ARings+] wherein R2= 0.95.



C - unaccept abl e qual i t ySUPERPAVE SpreadCMaxi m ze spread[ Tmax- Tm n]
SpreadCVaxi m ze spreadGgMPaMaxi mum conpl ex stiffness nodul us of the WO
02/ a7-t| OVO@2PEPP USOL/ - 477G (Master curvematerial at gl aPCTVESAbdTO80n (| ow
tenperature, @10 C)i npact | oadi ng). Maxi m ge GgMPa- Theoretical conpl ex
viscosity at infinite(Master curves/radl oading time or high tenperature, as
a@10 C)function of viscous-elastic transition.Maxim ze conpl ex

vi scosityrad/ sVi scous-elastic transition. Maxi m ze frequencyRN ALog rati o of
Gy to Onc, i[e@idati ng Theefollamieginatadai monesypchamcdristics farsasphblt. Maxi mi ze
R Tf Tb] CTenperature range_ for, ful]y-viscous andfully-elastic phase

][ els lpons F' I\/ai(n%;‘f@t[lrﬁ aWtHTFfFH@dTBPWrﬁﬁBh&H%ﬁi; euhigit grad pgﬁqmﬁfgwe
“fully-el asti cphase,response..Maxi m ze [ T45-Th] Penetrati on@5CdmG v zero
it g1 BORETEN S DN IRIOHSRY SO DpRRPARORERIAA G UER Uord Sdbont
}Nﬁl ?malolngg: al ran(l?i@] roces 21&;1 Hlfz/ fingerpgints using |20 rm?gf::ﬂngr
'grogps Ff tﬁ%w?lbmﬂsg@%é%ﬂﬁﬁag&a&ioim %Cgﬁ%fr%PgBS Qgr- %éc@uh@ﬁ%i dua from

. WM . T - ,
Cr e L e e LR RO, 52 BT R
function of “Sunugify syfEh mblifuled AbnEalicl & o8 Lo RSl ot Bl P ¢ o

do not exhi hirdm#&Hiéitese hfftecular gl%hPE'%M ¥ A 2noh gu¢ _@rﬂ{;g;tll-ﬂ WheftyREggar bon
nol ecul ar groups (Z <. 8). Group IV asphalts exhi bi g)ener all'y | ower
intensity f@igherdntehoitiet fed dyydendhoreule Er qQl ar <P OhRs $-Rz <_ 26)
than G oup | ,gl I, or Il aspxr?la ts. Gouprglld\s/@asgphal ts exhi biC{n eﬁzéral |y WO
02/ ~7~Q0 - 1@wheed RUS@lihoh {06 cluixylgen subdtiéntion ard fowhighi-arbrmticity toxyigen
hydrocarbon nol ecul ar groups (28 Sz < 44) than Goup |, II, or Il

asphal ts. [ oodggulps gmtl@@:@iﬁ&é@%mytwd ferenegseinfigtangity betweerthe - R where
Ris a single sulfur sybstitution, are evaluated for G.oup |, , 111, and

I 1
| V asphal t s asphalisdpr mpecilpgiaugs Wese s 85300 Siblhs) TOr M9leaylar grqups
diff i i nt i bet the f hal t ] . & N P I R B
Gnd 1 asphaVHee Aet hatad @m0t anddniaraiedtte aSpielis oRaf hlEhes mtehits dvamt i ci 1y
| f I I < 10 G [] 1 . |V hal i bit
coneral ly | O0BE BSECHS r Cabieren ~NOu et sPhats Heit B hes @ARERS Pufne (' 12

<z <_ 22)

general |y hlzg{%g %\’Fg’ﬁg@?ggg @oggﬁq é#&% Ztlrgrrn}?‘lh %:lfl% 1}3%13*];1 lut%ﬁlsrlrgllS @gﬁ:pﬁg?)rg?ghgist
24 < < , . .
oroups of TASHALSTER SX2E21: Gdod Sphales oRERRIghtly HBRAINARITILE SO

L1, 111, angndl¥cdlappedups thdihpeer &phuhe Finuredl showsaheg §pps of 30% of the
total) exhibit differences in intensity between the four asphalt groups. It
is to be nocempanaens.he data exhibit high variability. In general, Goup IV

asphalts exhibit higher intensity for high-aromaticity S2 nol ecul ar groups
( 14 < x 5 20) than Goup I, Il, or IIl asphalts. [0025] Twenty nol ecul ar

groups of t rmul a~&' ~~ - Q i i : . .
substituti oE@%Sje evallﬁﬁéggg o @%g&mﬁcﬁ’aﬁmg%@@eﬁéﬂg (gve \}\%. ve
of the twenky 4N £KpWaRS afll 9HBSuHGEIRIAA ah8 o Rspécﬁét)thefﬂpa%ﬁleﬁt Eg6RNERS%: | N
intensity between the four asphalt groups. with the disulTide nol ecul ar

groups, the oxygen nol ecul ar groups exhibit high variability in intensity

wi thin each_asphalt grqup.. Goup I, LI, Il1l, and IV asphalts do not .
L Conventional parameters which may include properties and specifications

such as penetration, viscosity, softening point, ductility, Canadian
General Standards Board (CGSB) grade, Fraass point, n-heptane

insolubles, elemental analysis efc.

11 SUPERPAVE™  performance parameters which may include
Performance Grade (PG XX-YY), SUPERPAVE™ spread (numerical



exhibit differences in intensity for lowaromaticity oxygen nol ecul ar
groups (z <. WO 02/.47.t60 -11 PCT/USOL/-t77f18 10). Goup IV asphalts
exhi bit Iwoee/4i4edensities for md-aromaticity oxygen nol e®dTarsognowps ( 12

<z <_20) than Goup I, Il, and Ill asphalts. Goup IlIl and IV asphalts
exhibit lower intensities for high-aromafi'City oxygen nol ecul ar groups (22
< z 5 32) than Goup I, or Il asphalts. For nolecular groups where z > 32,

there are no differences in intensity between the four asphalt groups.

[0026] Fourteen ripfferncarbegweedhigh dndeldverspetidicatibin Xedmperdurdse XX Red2. are
eval uated for Goup I, Il, Ill, and IV asphalts. Twelve of the twenty

mol ecul ar gr oups Y 85.crogs-exén enpedatifesr(dmeas Tmin, andnkfat;the éemperatuies at our
rasphalt groups. As wth t S2 and..nonat omi ¢ oxygen | ecul ar groups, the
02 nol ecul ar gr od’ﬂ%l\géﬁ@ieﬁi tcafipg st ess dimits W mq%),tzg}r{isopygpswqrh CHREABRyre

asphalt group. Fqr W arygroups where (4 5 x <_ 22), Goup I, II,
cand I'l1 asphal ts%Bﬁ?li%b(tﬁll'%?gJﬁl@P)’%{gensi ties than Goup IV asphalts. [0027]
Sevent een W!In.eculmeo%gsleﬂsirfaﬁcésrﬁom Rt Heotagical RaMA8E vithihSha linear
nmonatom ¢ nitrogen subStitution, are evaluated for Goup I, Il, Ill, and IV

asphal ts. There iviscweeclastindidieiinesfi thatreateria). oThesd megyerincinde ciheaSHR®Ups
and rheol ogi cal performance of the four asphalt groups. [0028] Five highly
aromati ¢ nol ecul &heplogipsl d¥iotdele (wasterl suyeaHadicgy GR, whey eo®=90dakk @
evaluated. Al five groups (100% exhibit intensity effects as a function
of rheol ogi cal paieBTHHNED fuchiBhege Respapsa indipes 4hG Thy TASp@hIrs Oexad/bi t
hi gher intensities for C'H22"~~.-R where R =SO and ( 16 5 z <_ 20). Goup
111 and 1V asphall‘f%"h&‘ﬁ‘gbgiaqwg?%@'ﬁg??ﬁeésetﬁhere (22 S z < 26) than
Goup I, and Il asphalts. [0029] Five nolecular groups of the formula
CnH~?"~~ -R where R=NO are evaluated for Goup I, II, Ill, and IV asphalts.

Al five nolggpar 9r aURsventibalas tgirbp@m‘eé,em@ss adel 'SIEPBRPA WEThEEN
the four asphalt groups. G oup (12/-47-tell -12 CT/UsSOL/ ~77G8 I, 11,
and |11 aspiperfosmarbé parametdre raridnrbeslogigal dndines rall atiehmpt tr deperiied the z <
21) than G oup IV asphalts._ [0030] M scel ] aneous nol icul ar groups of the
formul a C-Higmperatyyepesceptibidity n@spiels 1By termgapl deachcasying sapsbility, | |

1o LY oeRlthi 8 °HBkmabl, b SRR, e, BEL oAb,

asphal ts exhiLhi | jeept i in i . eg Wi 05%3 n
Goup Il agg%‘{?@s&pﬁgl ﬂ(o‘édhltegrtgg\{a]l Fﬁﬁf\lg'p??’ar%ée’cﬁb?ﬁ%sgw \/%/eggd lg%ﬁeg{rtat c# g? 31
vacuum r esi dhgtefinbraspbayen Adhdetiesd of combiieing! the gararRbesd had beén dodélopsd and

rheol ogi ca paraneters were available for a subset of 27 residua fromten
crude sl at ednghisvinvention te fidly degavibhe theNhowior of asphalp2s 2 Bactenudraude; CL

= Cold | ake;sla%eR, iﬁd?ﬁé’ﬂ@n}’%% ;disﬁ'ﬂle:ltign%h? %rr%]ergﬁgg.y/ Forties blend)

[0017] Through an iterative process, parameters such as those in Table 1
were selected to rank asphalts and vacuum distillation residua for pavement
performance. Because the majority of these parameters are based on classical

rheology, they are called rheological performance parameters.

[0018] An ordinal or normalized nominal ranking system is used for
parameters such as those in Table 1, based on values which optimize pavement
performance in a generalized application. The performance parameters are

measured or calculated for each vacuum residuum obtained at a given cut



[ 0032] The overall ordinal ranking for each crude sl ate was determ ned by
taking the nean ordi nal ranking for each vacuumresidua fromthat crude
sl at e anavoat/iduleat i ng the nmean val ue of the means. [0033] POTASOOHEGSI| ar
conposition of asphalts in each group was,exam ned to determne if there
were differences between the four groups™ Which were consistent with the
differences in rheol ogi cal performance using HR' M5 fingerprint of 120

nol ecul ar groups of the formula [CnH~2n~x)-R]. Mean intensities and

standard devémpératreVieom &agliced aield 610rsl48.0UPn la, padametdr-by-pachrhdtedabisl t . A
95% confidence interval was used to predict the range of intensity for each
nol ecul ar gflsupesiduacarsupssignad a rankingafod epch pergmetes. Dupdipate panidingo are
"PCT/USO1 /.17768 -13 [0034] Based on nmean val ues of .intensity, aromaticity,
car bon. numb PRI BIERP MRS NI OPIBNEIANT AEHBRHEN fr BN TROKEM, it

Pl brary of SHRLER TR sh Ua 3o g bhfs ratidhe R Fs ibf JeontaREs . °
group, ar ongibgll shkir) f QRRikEdd Yake i%(dmrﬁﬁﬂé@by%wﬁmauﬂgﬂﬁnﬁ&%ﬂbf%
mean al kyl side chainTength = f(nolecular group,” aromaticity) (d) nean

mol ecul ar wehaint rankin(gyolascddtermigedtip, thapoerbus step) fdr@BHe faidar froan tiog
nol ecul ar profiles delineated statistically significant differences in

nol ﬁclm ar mﬁ_@ﬁﬂlﬁbsh fskatmgquﬁle)n_ §é*$mp9m'h s ﬁltal' Oiﬁggcal( Quality" Igvouprd axg

asphal t r t he i of t optina t conposi,tio "

dZ]I‘O i ni t?onsi&emg?%nﬁéﬁfré?n 3@%8 o{qg“F t@%&?%t “&%I‘Q%raé'ép%gg}sst%cegme) is
| | at ed fir M | | i ' ¥ ' (=

"nt onsi 1y naset rardip, 0% " Roed g GlobB AL < gRiEior Thephall ditf

monent for @roagslWiandr@ape Foéa) aRe "vefshsooreaphalikyl side chain Iength

nonent for nolecular {d) Rm= the nean nol ecular wei ght for nol ecul ar group

R [0036] The differences in the HR'MS fingerprints of Goup | and Goup IV

asphalt are jllustrated in Figure 1. Asphalts can be rapked for relative
field perfol®@te baséﬂwomwar GRaRRoMtion g asphaltsgp GAENEOBP S BpBSielentThe

r heol ogi cal _r.anki St i.S.ba n C h p@t 4 : f n
par aneter o PO SFHBRRM, AP dhhe” BRONGS  BibBtin BE L2 B gpler
accurately r C i he f i 1} ng
the- nophal t EGNTaF BTG FC.FLAR, BRI, FIARCR O SURRL b HAGE UBS el
identified QVudéQ%i{/él@@lfmsG\ﬁith defientcspostivexhi bit different nol ecul ar
conposi tions. The nol ecul ar conposition of
[0020] Mean intensities and standard deviations were calculated for
Group I, II, III, and IV asphalts. A 95% confidence interval predicts the range
for each molecular group in Group I, II, III, and IV asphalts. Figure 1 shows

représentative data for groups I-IV.

Table 1
PARAMETER UNITS | COMMENTS
CGSB Grade A/B/C | Volatility, workability;

A - excellent quality

B - acceptable quality

C - unacceptable quality

SUPERPAVE Spread °C Maximize spread

[Tmax-Tmin] Spread °C | Maximize spread

Gg MPa | Maximum complex stiffness modulus of the
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[CoaHanizy-R] are generated for vacuum residua from crude slate with unknown

performance

[0022]

Twenty-four hydrocarbon molecular groups of the formula

CoHpu:z) are evaluated. Seventeen of the molecular groups (71% of the total)

exhibit differences in intensity as a function of asphalt rheological ranking.

Group I, II, III, and IV asphalts do not exhibit differences in intensity for low-

aromaticity hydrocarbon molecular groups (z < 8). Group IV asphalts exhibit

generally lower intensity for mid-aromaticity hydrocarbon molecular groups (10

< z £ 26) than Group 1, II, or IIT asphalts. Group IV asphalts exhibit generally



groups generated statistically-unique fingerprints. [0042] The HR/ MS
fingerprints for a typical 85/100 penetration asphalts fromthree different
crudes | iwe opemBAOt 2 ( MEN), Bachequero-22 (BCF-22) and ColRCTES0e/4{6R) i S
shown in Figure 3. The data were exam ne dJ_Si ng Excel 5.0 to ensure that
there was a statistically-significant difference between asphalts from
different crude sources. There was no statistically-significant difference
bet ween different source asphalts using the entire |ibrary of nolecul ar

speci es. Thafghepeatehitidsafor &ﬁgl@@tdmmi%nhi/&maﬁbcﬁi ﬁf(ﬁé(ﬁﬂ@ﬁgﬂbﬁ?@@g_@?z <
conbi nati on het er oat om subset whi ch had proven successful in the first
gener ati on #AédhgenpGious], IWerillbasphbk®et of oxygen, nitrogen, and conbi nation
"het eroat om groups were used, the softer asphalts exhibited a
statistically-significant difference and the 85/ 100 penetration ( SUPERPAVE

f oot b1 P?i&?ﬁﬁﬁ R ROl E BTORS PO TOTaRNR Lobtsem R MAHE R iBat om
i . -47- ~h 7

dovel op + mphcnee SRRl fit Satuald O GHO I MT HH, R0 S i

conposi t i onglenChRfemoldtuleatipdF59% GRS SRED!khibRUHErdRess h ieagEp! es

for HRF M5 axe preferably prepared using an apparatus which can accurately

heat the whoktwesnuthe four aspledlegtompst €rpeapd: Iif, dIK andd Vgasphaltp eloi mat exhibit me
at constant |ow pressure. It is inportant that the apparatus denpnstrates
excel | ent | diffencaces in dniensity foodowearbmasieopsr sulfire watc growps odEdit 1 ns.

{he t onper atioep B BdaUrHmIVE Qs%h%ﬁ??ea%ys; o @M&g&%@%&é‘iﬁ%&# ?r:]iﬁf‘ce
AET i i

tomper at ur o asoiae B skt HieRiAR B mIR et o2t Rt A LHE! SR Mhon:

| . Sour S . Car .

her ol or adRpss RSN, IV, s BRI ReRylly” Hi fer HRERQITRY S0P HRD >

it 1s necesggsMafiCity ahSfir ﬂl%lécﬂﬁarégﬁﬁ%gst@mpgr 2L Ur PAYDHRSS Grdus DN A

whi ch corresponds to the target A hi s can be done as outlined in ASTM
D5236; howewephditsat procedure requires accurate neasurenent of both
tenperature and pressure. It is sinple to nmeasure the tenperature of the
apparatus during this procedure however it is generally difficult to

ﬁ;?ﬁﬁé%é?i (AT 0 T Tiohecla ibus of Ui Burotin ehms) CROMBETL ey ot
Lemper ot ur e Sraibisd RESIERY, & RITRRIY 6808k, Piike JE3h0 Bochlchtup loRps =

di stillatiop3@yol! @2- tdthY4ihidi ediPfetdRls o WRERGE bRtweerPRE Sodr WRpRME.,
frozen crude sanple in a Snmall cl osed chanber, that is then roughly punped

down by a ngedaps. cElis poibp notedittiahdre dgteeikhibibhighseatpbilityonint genesatnGroup osed
chanmber to a chanmber ' with at |east 1 L volunme (i.e., heated nanifolgz)‘ at
a know vacudM asphalts exhipit highes intersétyrfor high-arareaticitieSpmsdeitar, grouss G54 and
aged asphalt_ can he usgi initﬁad WO 0%/7. 140 - 17 PCT/USOL/ ~77G8 of or

m xed with £h%SctQidban Sreppl, HgosHIAsRAaNS; ;65 are 10-40 my, though 2-200 ng
are envisioned as part of this invention. The resid remaining after
equilibriumis then taken out and reweighed. The ratio of the first

wei ghi ng to1gg25) Twenty molecular groups of the formula C,H,,) -R where R is a
monatomic oxygen substitution, are evaluated for Group I, II, III, and IV
asphalts. Twelve of the twenty molecular groups (60% of the total) exhibit
differences in intensity between the four asphalt groups. As with the disulfide
molecular groups, the oxygen molecular groups exhibit high variability in
intensity within each asphalt group. Group I, II, III, and IV asphalts do not

exhibit differences in intensity for low-aromaticity oxygen molecular groups (z <



t he second wei ghing gives the AET yield. Qther information can be

determ ned from anal yzi ng gases fromthe vacuum punp |line or the vacuum
chanber okQépdi4e) on whet her the vacuum chanber is conti nPsTsUSp1PTIEPed down
or closed off after reaching the required pressure and then exposed to the

sanpl e. [0045] The prefel ~ed apparatus has a sanple oven, a sanple hol der,
and an all-glass heated manifold. The apparatus is capable of achieving 1
mlliTorr ( 10-3 Torr) absolute pressure. The sanple is weighed into a

quartz tube 109at Geogp dWohgshaits exhibgyUbsheniihtedgities bfdl hmid-bromatidignorygaed in
sanpl e hol der and attached to manifold. Hi gh tenperature glass valves in

t he mani f ol dna@leeulas gdoups @2pdge LOptmarttanpt o 15 unddibasphalisr €aoupdll @mder
‘boats may be used, though quartz is preferred. On exposure of the sanple to
vacuum pr es$¥r asphalis exhibite loyan intenpitigs ef@fflill@hﬁéﬁmagﬁﬂ}’t ex¥gengaolecular

tenperature and i.ntain t that t atyre f a selected tine period.
The man o1 BOWS 2R £& b TiaHaruR - QB 1L AR diorABASEREN GrRs3ohbms )
t hr oughout I r r at:i } j i rf en the
sanpl o nol dor R EEHoXiencBE bR unsER i RSB0 8 BES™T, T
manner, it i t neceﬁﬁﬁ{ t PN BALC iespar u r esspr
each crude I[(GJO r educed. e¥ﬂ| i;h grea%ll @T%g%r g}gs@g Z(grrl%ﬁg g?ﬁggﬁ)atgoﬁw{e?éhe
far asphal t R=a3], dyeevhiaedn! Grouputidl, TNQR4R] IV assidtisElwEve ST thealveagphal t
0

or residuumis produced from5 nil of whole crude by this nmethod, depending
on AEBP andmdleculat ugreup$ (BH&7%) wabibiPrdifferancds sanpitendityr batvecear ¢hes Hout s,

thin filns, and drops. These _sanple forns all.ow for a hi gh enough surface
area to rapiadpialt semupsy %%S{Iﬂlt‘%é é?.a?f%‘l @Pnﬂomlﬁwg@&@?ﬂﬁ?@%ﬁg}uﬁr@s{h e)

Sc%; zgotmmc%l'ﬁs“%r SrORACE BB VRRREHY G BRFul Y W S S Bl g,
of less t haz%(?rb 221?11 3’3‘?&‘? ﬁg'egghﬁ] nu eg% t % }g%?g?hg%ﬁ@ag ﬁ%@uﬁ? gérﬂ,ﬁagﬂ;sl ?5%1?%1‘( Ei%ne

repeat abi | i thy he'Ehﬁtehlgrti@s"tﬁé@@%ﬁ]gIV@@H&E@.00| ing to a tenperature | ow
enough such t%at wat er does not vaporize enough in at |east 30-60 seconds

to cause sanpl e damage. WO U2/ ~7.~Gl1 CLAIMS: PCT/USUL/-177C8 1. A
met hod for selecting crude as a source for asphalt, conprising analyzing
the asphalt [802F f r actSeventagarmolechlar groupgrof ths SpunmlsrCatdees -R where R is

a monatomic nitrogen substitution, are evaluated for Group I, II, III, and IV
asphalts. There is no trend between intensity of nitrogen molecular groups and

rheological performance of the four asphalt groups.

[0028] Five highly aromatic molecular groups of the formula C,Hpns,) -R
where R=SO0 are evaluated. All five groups (100%) exhibit intensity effects as a
function of rheological performance ranking. Group I, II, and III asphalts
exhibit higher intensities for CyH sz -R where R =SO and (16 <z < 20). Group
III and IV asphalts exhibit lower intensities where (22 < z < 26) than Group I,
and II asphalts.

[0029] Five molecular groups of the formula C Hqnyy -R where R=NO
are evaluated for Group I, II, III, and IV asphalts. All five molecular groups
(100%) exhibit differences in intensity between the four asphalt groups. Group



spectronmeter to create at |east part of a mass spectrum conparing at |east
part of the mass spectrumto a database of nass spectral features,

det er m niwQ ohasses of conponents or chem cal features fr@QTAiIS01/¢HE8 one of
the simlarities and the differences betwsen the nmass spectrum outputting
a result showing the suitability of the crfude or crude fraction for use as
an asphalt for a particular application. 2. A nmethod for selecting crude or
crude residuum as a source for asphalt, conprising a) determ ning and

optimal asphailf af®THARPhaRE ekhidio highecitedsiofR NG dylecatlr g,qbupw (9 kez er ude
e

or the crude residuum produci ng an asphalt out of the cru or crude

resi duum p2i) tram Grpup Mhesplmdiscal test on a sanple of the asphalt to
-determ ne the rheol ogi cal index of the sanple; determ ning a nean

rheol ogi cal index of the crude slate by repeating the rheol ogi cal test and

averaging t eol og ndex ng a r i C r,oup t e mean
*r heol ogi cal ?(?Q{{fﬂ 51?@89}% gg}mstci}etﬁg&ggp@]ﬁa(%}g ﬁaw &%on
nunber, and o, up

cal cul ati ngroath ﬁz&f”‘fﬂ ?}Vﬂn@&%fﬁ?&hggw Eﬁ"ﬂ%«ﬁ?ﬁ%ﬁﬂ?%&@?’%&m Ly
SUM aromat i ¢j t])ﬁ and Y@ @s%fhﬁ?ts tdeP nBEEKIMBHL iffeteBces2ih ﬁﬁ@ﬁfy‘ R Oheorm@sul ar
profiles the’rhéol ogi cal groups of good and poor asphalts; and confirn ng
the stati st neakcdaggidupsanGeowf Ltdrel Hi dsphahmeshlhmsslr@tlyhhlghat aehsity for
nonents; b) then gr edi cting asphalt erforpnance of the crude or crude

resi duum f r SR80 @Maargr@mwbgnﬁrahpgl} ang 1dcasphglthe crude or crude

resi duum performng high resolution mass spectronetry on a sanple to
determine a plurality of nolecular groups; calculating mean val ues for each

nol ecul ar gm dete C i £l f

conpari ng t e predicted r egﬁ—ﬁ%&@ﬁﬁtsl %\ﬁfe’exrgt@%éijta er e% glgle% reEigﬁnX good

and poor asphalehsdifferent crude slates. Rheological indices and rheological parameters
were available for a subset of 27 residua from ten crude slates shown in Figure 4.
(MEN = Menemoto; BCF-22 = Bachequero-22; CL = Cold lake; BR = Bow

River; AHF = Arabian Heavy/Forties blend)

[0032] The overall ordinal ranking for each crude slate was determined by
taking the mean ordinal ranking for each vacuum residua from that crude slate

and calculating the mean value of the means.

[0033] The molecular composition of asphalts in each group was
examined to determine if there were differences between the four groups which
were consistent with the differences in rheological performance using HR/MS
fingerprint of 120 molecular groups of the formula [C Hponi-R]. Mean
intensities and standard deviations were calculated for Group I, II, III, and IV
asphalt. A 95% confidence interval was used to predict the range of intensity for

each molecular group in Group I, 11, I11, and IV asphals.



determ ning the rheol ogi cal group of the sanple; predicting the suitability
of the crude slate for asphalt manufacture based on the rheol ogical group;
and confiweiodgH#he suitability of the crude slate for asplP&TIUSSWATIOBCt ur e
by conparison with the rheol ogi cal group ©f good and bad asphalts. 3. A

met hod according to claim2, wherein the rheol ogical index is calcul ated
fromthe formula 13.8639 - 1.18964 E-1 *Hc + 6.12843 E-2 H 4.10153 E-1 Hz
- 4.68191 E-3 N + 6.65557 E-3 O + 5.88057 E-3 Sm- 1.42995 E-1 Sz -

3. 14998 E- 3[R ngsHased dn3hadiivaiugs pLhnéhsitys afomdtcity, caftbnm@imBér and WO
U2/ 7-4CGJ -21 PCT/USULl/ ~7718 4. A method according to claim1, wherein the
mean val ues moleculpe wieight foy cagh theglegiralgrapp, mglacsdardaofiles weteplotted for

conmponent s regression, .par.tial least.squar.es regression,, or st rai ned
or i hoi pal s B Eolloving finctiond] elalionshins WEE Ry Platlers T matgenlat
crude is bl . 6. Anethod according to claim1l1, wherein the crude
‘resi duum i s®repared by: cooling a sanple of the crude to an average

t enperature of about APrtdri =£f(nidlasuilag , arh&icisgnpl e in a chanber,
wherei n the chanber hgs a abst(s))l ut(e ressu’rgidt%ithi n th%gr ange of about 10-3

to 10-i Ton and a fi x€b) arempeicaty s & meéletilar ghanp; dmtgnsity) about 340 to 540 C,
such that the conbination of the a@l utf pressure_and the fixed . .
tenperature is equi vall@hmessaleyl stdeehsse fongth gl(maleslar B PP AFOPBLISHLY) or

the residuumto be pr ced. such { hat .t.he_ le. s small .or.s0 thin so
as to r each equili brK&ﬂ{l\ﬁﬁlI’imﬁiﬁ‘éulf”é%gﬁtﬁf@lﬁﬁﬁlﬁeﬁéﬁghﬁ”&mﬁ?m n 15

m nutes; and keeping the sanple in the chanber at the absolute pressure and
the fixed tenperature for 5 to 60 mnutes until essentially only the

resi duum ren@938] fromComparison of molecular profiles delineated statistically
significant differences in molecular composition between good (Group I) and
poor (Groups IV and V) asphalts which formed the basis for the optimal asphalt
composition definitions. The molecular moment (first moment of area under the

curve) is calculated for each of the functional relationships above:

(a) Ri = the intensity moment for molecular group R

(b) Rz = the aromaticity moment for molecular group R

(c) Rc = the mean alky! side chain length moment for molecular
group R

(d) Rm = the mean molecular weight for molecular group R

[0036] The differences in the HR/MS fingerprints of Group I and Group
IV asphalt are illustrated in Figure 1. Asphalts can be ranked for relative field
performance based on their parent crude oil or crude oil blend. The rheological
ranking system is based on a combination of performance parameters from
empirical and mechanistic asphalt binder tests which accurately reflect and
predict the performance of pavements incorporating the asphalt. Different
asphalt groups (i.e. Groups I, II, IIl, and IV) identified by the rheological ranking

system exhibit different molecular compositions. The molecular composition of



t he sanpl e.
produced as

7. A nethod according to claim1l wherein the asphalt is first

a residuum specinen froma crude, by a nmethod conpri sing:

WO

02/ -17-LIwo-022740CT/ US(| 1/ ~7768 cool i ng a sanpl e of the crwdg/gwi/areaver age
tenperature of about -200 to O C, placi n_gl4t_he cool ed sanmple in a chanber,
wherein the chanber has a absolute pressure within the range of about 10-3
to 10-6 Torr and a fixed tenperature within the range of about 340 to 540
C, such that the conbination of the absolute pressure and the fixed

t enper at ur easphadguin ad eheologieal gtoups phesimilaequitiel eliffetences ng pwoleculbor

t he residuu
as to reach
‘m nutes; an
the fixed t
resi duumre
*t he rheol og
bl ack di agr
claim1l, wh

fromthe gr f@BHonsi sthhegrhedlogicad perfoymandgandihesppramextEpadotmance of an e
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that maximize the concentration of components with beneficial properties, and
that minimize the concentration of components with detrimental, or other non-

beneficial properties.

[0038] Typical heavy crudes employed in asphalt manufacture, such as
Menemoto (MEN), Boundary Lake (BL) and Cold Lake (CL) asphalts/vacuum
residua with penetrations in the 85/100 range were selected for preliminary
fingerprinting. = The three asphalts exhibit distinctly different pavement
performances. Initial ‘HR/MS fingerprints were generated for the polar-1
fractions. Sulfoxides, carboxylic acids, phenols, and pyridines were identified in
SHRP A341 document as the polar functional groups primarily responsible for

adhesion to aggregates.

[0039] The HR/MS fingerprints are shown in Figure 2 for fractions from
three representative crudes. Data were analyzed for statistical significance using
Excel 5.0 Two Factor Analysis of Variance (ANOVA) without Replication at a
0.05 Level of Significance. Analysis indicated that the HR/MS fingerprinting
technique could differentiate between the three asphalts based on combination
heteroatom fragments at a 0.05 Level of Significance. The MEN residuum
exhibited higher intensity than the other two asphalts for each molecular species
evaluated, indicating a more polar material. The CL and BL asphalts were

differentiated by differences in sulfite intensity.
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group There was no  statistically-significant difference using the combination

heteroatom subset which had proven successful in the first generation
fingerprints. When a subset of oxygen, nitrogen, and combination heteroatom
groups were used, the softer asphalts exhibited a statistically-significant
difference and the 85/100 penetration (SUPERPAVE PG 58-22) asphalts
exhibited differences which were borderline. HR/MS fingerprints which

incorporate oxygen, nitrogen, and combination heteroatom functional groups can
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however that procedure requires accurate measurement of both temperature and

pressure. It is simple to measure the temperature of the apparatus during this
procedure however it is generally difficult to measure the working pressure. To
avoid direct measurement of pressure, this method uses the distillation profiles
of a set of known crudes to calibrate the apparatus for temperature-pressure
conditions. Correlation of process temperature readout to AET is determined

using the calibrant crudes distillation profiles.

[0044) The preferred method is to place a weighed, frozen crude sample
in a small closed chamber, that is then roughly pumped down by a mechanical
pump, and then opening a passage from the small closed chamber to a chamber
with at least 1 L volume (i.e., heated manifold) at a know vacuum level (e.g., 1

milliTorr). Intermediate products, resids, and aged asphalt can be used instead
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equilibrium is then taken out and reweighed. The ratio of the first weighing to
the second weighing gives the AET yield. Other information can be determined
from analyzing gases from the vacuum pump line or the vacuum chamber
depending on whether the vacuum chamber is continuously pumped down or

closed off after reaching the required pressure and then exposed to the sample.

[0045] The preferred apparatus has a sample oven, a sample holder, and
an all-glass heated manifold. The apparatus is capable of achieving 1 milliTorr
(10” Torr) absolute pressure. The sample is weighed into a quartz tube boat and
~ cooled in a liquid nitrogen bath. It is then placed in sample holder and attached
to manifold. High temperature glass valves in the manifold are used to expose
the sample to sub-ambient pressure. Other boats may be used, though quartz is
preferred. On exposure of the sample to vacuum pressure, the sample oven is
heated from ambient to target temperature and maintained at that temperature for
a selected time period. The manifold, which is maintained at constant high
temperature (300-350 °C) throughout sample preparation, permits a physical
interface between the sample holder and the vacuum pressure generated by the
apparatus. In this manner, it is not necessary to develop and disperse vacuum
pressure for each crude to be reduced. This greatly decreases sample preparation

time for asphalt/residuum from whole crude.

[0046] Approximately 20 g of asphalt or residuum is produced from 5 ml
of whole crude by this method, depending on AEBP and the nature of the crude.
Preferred sample formats are sheets, thin films, and drops. These sample
forms allow for a high enough surface area to rapidly cool or heat the sample.
A higher vacuum (lower pressure) in the oven allows a lower oven temperature

and therefore less sample degradation. The preferred mode of this invention
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"freezing" means cooling to a temperature low enough such that water does not

vaporize enough in at least 30-60 seconds to cause sample damage.
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comparing at least part of the mass spectrum to a database of mass spectral

features,

determining classes of components or chemical features from at least one of the

similarities and the differences between the mass spectrum,

outputting a result showing the suitability of the crude or crude fraction for use

as an asphalt for a particular application.

2. A method for selecting crude or crude residuum as a source for
asphalt, comprising a) determining and optimal asphalt composition from

molecular moments by:

selecting the crude or the crude residuum;

producing an asphalt out of the crude or crude residuum;

performing a rheological test on a sample of the asphalt to determine the
rheological index of the sample;

determining a mean rheological index of the crude slate by repeating the
rheological test and averaging the rheological index;

assigning a rheological group to the mean rheological index;

calculating a mean intensity, an aromaticity, a carbon number, and a molecular
weight for each of the rheological groups; |
calculating each the molecular moments as = SUM(intensity X aromaticity) /

SUM(aromaticity);
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b) then predicting asphalt performance of the crude or crude residuum from

molecular composition by

selecting the crude or crude residuum;

performing high resolution mass spectrometry on a sample to determine a
plurality of molecular groups;

calculating mean values for each molecular group;

determining a predicted rheological index of the sample;

comparing the predicted rheological index to the rheological index of good and
poor asphalts;

determining the rheological group of the sample;

predicting the suitability of the crude slate for asphalt manufacture based on the
rheological group; and

confirming the suitability of the crude slate for asphalt manufacture by

comparison with the rheological group of good and bad asphalts.

3. A method according to claim 2, wherein the rheological index
is calculated from the formula 13.8639 - 1.18964 E-1*Hc + 6.12843 E-2 Hi -
4.10153 E-1 Hz - 4.68191 E-3 Ni + 6.65557 E-3 Oi + 5.88057 E-3 Sm - 1.42995
E-1 Sz - 3.14998 E-3 [C5ARings-] - 3.35754 E-3 [C5ARings+] wherein R? =
0.95.
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5. A method according to claim 1, wherein the crude is blended.

6. A method according to claim 1, wherein the crude residuum is

prepared by:

cooling a sample of the crude to an average temperature of about -200 to 0 °C;
placing the cooled sample in a chamber,

wherein the chamber has a absolute pressure within the range of about 107 to
10" Torr and

a fixed temperature within the range of about 340 to 540 °C,

such that the combination of the absolute pressure and the fixed temperature is
equivalent to an atmospheric equivalent boiling point for the residuum to be

produced,

such that the sample is so small or so thin so as to reach equilibrium with the

temperature in the chamber within 15 minutes; and

keeping the sample in the chamber at the absolute pressure and the fixed
temperature for 5 to 60 minutes until essentially only the residuum remains from

the sample.

7. A method according to claim 1 wherein the asphalt is first

produced as a residuum specimen from a crude, by a method comprising:
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such that the combination of the absolute pressure and the fixed temperature is
equivalent to an atmospheric equivalent boiling point for the residuum to be

produced,

such that the sample is so small or so thin so as to reach equilibrium with the

temperature in the chamber within 15 minutes; and

keeping the sample in the chamber at the absolute pressure and the fixed
temperature for 5 to 60 minutes until essentially only the residuum remains from

the sample.

8. A method according to claim 1, wherein the rheological test
measures at least one of isochrones, master curves and black diagrams to

represent viscoelastic behavior.

9. A method according to claim 1, wherein the rheological test
measures at least one member selected from the group consisting of viscosity @
135 °C, SUPERPAVE PG temperature spread, [Tmax-Tmin], and penetration @
25°C.

10. A method to predict the potential quality of asphalt from crude
oils or blends of crude oils of various origins by calculating their molecular

moments of intensity, aromaticity, alkyl side chain length and molecular weight
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ten; "z" ranges from approximately -4 to +44; and "R" is a heteroatom or
combination of heteroatoms which usually but not always contains sulfur,
nitrogen, or oxygen or a combination of these, or other heteroatoms, relating
molecular moments to a comprehensive performance parameter which
encompasses rheological performance measurements, relating the
comprehensive performance parameter to actual pavement performance of

asphalts manufactured from crude oils or crude oil blends.

11. A method according to claim 10 wherein a sample is generated
for this method by sampling asphalt, separating fractions of asphalt samples
based on solubility class or functionality or molecular size or polarity or other
separation techniques, producing crude oil residua by conventional or non-
conventional distillation or whole crude reduction techniques; all of which may
be performed on crude oil or crude oil blends with known or unknown

components and proportions.

12. A method according to claim 10 wherein the comprehensive
performance parameter may be calculated by mathematically combining at least
one member selected from the group consisting of conventional asphalt
properties measures at least one member selected from the group consisting of
viscosity @ 135 °C, SUPERPAVE PG temperature spread, [Tmax-Tmin], and
penetration @ 25°C.

13. A method according to claim 10 wherein the validity of the

comprehensive performance parameter is tested by calculating the mean value of
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pavements which incorporate that crude or crude blend.

14. A method according to claim 10, wherein crude slates are
selected based on maximizing a majority of the mass intensities for a molecular
structure represented by C,H,i7) -R wherein
hydrocarbon molecular groups 10 <z <26,
sulfur molecular groups 12 <z <22,
monoatomic oxygen molecular groups 12 < z <20 and for high-aromaticity
oxygen molecular groups 22 <z <32
high-aromaticity S, molecular groups 14 <x <20
diatomic oxygen molecular groups 4 <z <22
SO molecular groups 16 <z < 26,

NO molecular groups 9 <z <21

SO, molecular groups ;

and minimizing a majority of the mass intensities for
hydrocarbon molecular groups 28 <z < 44,
high-aromaticity sulfur molecular groups 24 < z < 34; and

not differentiating for molecular groups where z > 32.



